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—determinedas the aeeivy ofa positive ST control, Cys-Cys-Gilu-Leou-Cys-Cys-AamPro-Ala-
andset te LOGSs, 

se chioride anionseeretion can be examined usin t 

 
 

¢ Collection (Bethesda, May.

grownte contigeney in 24-well cultureplates with a iol mixture of Nam's {
Dalbecer’s modified Hagle's medium (DMEM), supplemented with $24fetal calf seram and

were used) at between passages 34 and 60, Chloride ian secretion is measered inthe presence of

st articie similar the methods described in Dharmasthaphorn ot al. (1984) 7 Clin 
ett and Bigby (1903) AmJ Physici 264:C446-52, Grictly, an Ussing

chamber is modified to allow maintenanceofthe integrity of the cell monolayers during the

study, The modified chaniberis designed to minimixe turbulence created by the air HA svetem
x

ainageto the monglayers, 10° P&4 cells are plated an a permeable supsart

 
4

area} and maunained for 5-6 day before use. The supporis are suspended over

OU-mm ealture dish to permit “bottors feeding’ by laying them on top ofk 

esenibed in Barret and Bigby supra. After cell growth, ihe entire ring8

chamber. No pressure is oxer and hence edge damage is avoided. Mucosal and serosal reservoirs cf
cy

oxygenated Ringer's solution (pH 74, at 37°C!) that contained Gn millimolar}:

2) CL, PIGS: HOOs, 25; HoPOs, 2.4; HPO, 0.4; and glucose, 10.  
}} across the cell monolayer is measured by calomel! clectrads

monitored with a potentiometer. Throughout the experiment, except for 3-10 seconds every 5Sot

min whils the PO is being recorded, spontaneous tiasue PID is short chrouited and naliified by ex 
 vedoege clasp (WPI, New Haven, CT) with Aw AgCh electrodus. Tissue conductance<2wutermatic volt:

“ 2
(6) is calewlated from the PD and the imposed carrent according to Ohm‘s law. The magsitade

 ofchangesin the sheet circuit current (Ise) is used as anindex of chlor

Landsodiumexcretioningated  
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ai byinjecting
x

solated boo. 
2.18 described in Londonef al, 1907 Am J Physiol p.e3-108, The loop is soproximately b-S em. The loopy are injected with 8 test agent or

vehicle. Following s recevery time of OC minutes the loope are excised. Weights are recorded

ior each inop before and aller remewal af the fluid contained dhareim. ‘The leneth of eachloop is

alse recorded. A weight to length ratio (W/L) for cach loap is calculated to determine the efvets

of test agent as commpared to vehicle. To determine the effect of a fest agent on sodihianexcretion,

tQ  YRad frem the isaps ie collected and profiled for cleotrebyte 

performed using 

Sxanmple 2: Animal Models af Hypertension

Various animal models ofhypertension can be used te screen the agents described herein fxr

anti-hypertensive activity. in general, hypertension can be indaced in rats in al least four ways,

i$ mchading: genetically-induced, environmentally-induced, pharmacologically-imduced, and renal-

induced. A variety ofradent lypertension models are described in Pinte of al. (1898

ular Research 39:77-88)}, Badyal ot al. (2003 Inchan Journal of Pharmacoicg  362) and the referenves cited therein. One of the most widely used rodent models of lye

 ais the Spumtaneously Hypertensive Rat (SNR). Other models miclude: (1} the iwo-kidmey
te3G clip, (2) wansgenic rais overexpressingthe murine Ren? gene, (3) DOCA (deasycorhcasteran—

igscelate}-salt made! and (4) ihe Dahl salt sensitive rat. Thus, for example, agers described
tx ~*~

xerein, Can be administered to Dahli salt sensitive rats (Rapp and Dene 1985 Hypertension 7:34¢s

9} to determineeffects on blood pressure, urine volume sad urinary sodium excretion and lef

for example as described in examples 4 and & heoreim).rentricuiar wall thickness sos

 
 isubiects were fomuale Sprague-Dawley rats which weighed between ZUK230 ¢

at ihe time of experimentation. Following arrival at the animal dueiity, rats were heused imsolid

dollom: cages in groups of twee, where they had unlimited access to fod and water.
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yt

Permmperaiure was maintained at $12°C, and lights were on a P2012 hr evele

MOAN}.

with Hehis on at

Followingat least 3 days of acclimation tothe facility prior to experimentatic

 (PQ) with ofther vehicic (phosphate buffered saline) or test article, and tear
my

indi vishal metabolism cages where they had access to frod and water. The vs
 

excreted was recorded from 0-3 hours, and 4-6 hours post dose. In addition, 0.5-].GmLurine

< ayangles were isken at cach of the above time points and frozen for later analysis, Urine ;
%

cd for sodinmconcentration using ISEcrown-ether menibranc methodology on an 

Olympus AUS460 chemistry immuno analyzer (Olympus America Inch

Figures 1,2, and 3 demonstrate the effects af Lubiprosione and ST peptide ( i 
 

 

CORLC NPAQPOOYon urine sadium and urine volume m this assay

eal&.aeIg peeaes 2 Pan we

  
Salt-sensitive and salt-resistant, 4-5 week-old male Dahil rats {Brookhaven National

Upton, Now York, USA} are fed with Purina rat chow with 0.4%NaCl for the frst 3-4 weeks.

‘hereafter eail-sensitive and salt-resistant rats are randomized into two populations receiving

 jor a low-salt (0.4%NaC}} dict fora further 2 weeks. Follerwing

this, cach poyulaticriis se rated Info lwo groups, onereceiving test agent in lap water and the

 given in meremental doses until systolic blood pressure fail-
aeomet adt%oeesa oeosgrm rs 3

EBoy wn
*4h

sot & to g2eea yes ge

At the end of the studyrats are anaesthetized with intraperitoneal ac mavke), and systalic. and diastelic blood pressures are measured direct

 

 

of the right fernoral artery, using ¢ Beckman R6L1 recorder, Blood (8-10 ral for determinationS a a

a uvity (New England Nuclear Corporation, Boston, Massachusetis, USA) and

aldosterane concentration (Diagnostic Prochacts Corporation, Los Angelos, (S.A) is obtained by

decapitation. Mearts are removed and placed) in s Petri dish, and blood and blooc

fafhushed out with ould saline. Superficial water is removed by blotting, The whole heartis

weighed, thereafter theatria ami the right ventricular free wall are dissected fromthe
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interventricular sepium. The remaining interventricular septum and the left ventricle represented

lef ventricular weight, and the lef ventricular weight: body weight ratio is taken as a measure

for left ventricular mass or Jef? ventricular hypertrophy.

 

Axuimber of disorders assaciated with fluid or salt retention maybe prevented ortreated with
x

vat rechice sodram absorption in the intestine and/or merease anion secretion fe.g., in the

ful agents include: guanylate cyclase receptor C agonists, soluble guanylateus 

cyclase modulators, proslanoids inchiding prostaglandin B and derivatives thereof, chloride

channe! activators (e.g. Amitizal® Gubiprostone)), SHT4 agonists, oyelic nucleotides, laxatives,

QFYR deystic fibrosis transmembrane conductance regulator} modulaters, agent iThecAMP levels, sodhon transport inhibitars (ee. sodium channe! inhibitors saci
4

nhosphodiosteruseinhibitors, rermbibitors and aldasterone antagonials, potassium, polymerneg
3.
resins, and combinations thereat described herein. ‘The agents that redacesachum absorptiin iy

the infestine and/or mercase anion scerction can be used alane or in comixmation wath one cr
~

gore agents useful in the treatrnent of congestive heart fathure, andor one or more ipod lowerme

agent and/or ane or mare asti-chypertensive agents.MS

  in the frestraent of congestive heart failoreCALLERSCREEREECE
  

yer mea
.

scents deseribed herein oan be administered together with one ar more agents useful in the

treatment of congestive heart failure including, for example, nesiritide, dobutamine (beta
OY

receptor amlagonist), milrinone (phosphodiesterase inhibtior}, Levosimendan (Sinden), 

N° ~[C1,2-dihydro- | -acenaphthylenyDmeihylJsdenesine,
*

in}, an agent which mereases the cellalar availability of adenosine, 
an adenosine A» receptor agoniat, an adenosine transport inhibitor, or as adenosme deaminase

 

Lipid lowering agents or dilipidemia agents are those agents that act directly or Indirectlyfo

reduce seram cholesters!. Such agents include, but are net Hmited to, be achi sequestrants such

as cholestyranune (a styrencalvinnyibengens capolymer comaining quaternary amncnHuny
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cationic groups capable of binding bile acids, such as QUESTRAN®or GUESTRANLIORTS

sholestyramine which aro available from Bristol-Myers Seuibb), colesevelam §ydrochloride

with epichlorahydrin
une egy

fsuch asWELCNGU®7 aablets (polyaliylamine hydrochloride) ercas-linked

and alkylated with J-bromodecane and (6-bromohexyl-trimethylannmontum Gramide} which are

available trom Sankyo}, colestipel (a copalymerof diethylenctriamine and i-chloro-2,3-5

epoxypropans, such asCOLESTION®tablets which are available fromPharmacia},
Pigs

dalkvlaminoalky! derivatives of a cross-linked dextran, LOCHOLES? DEAR-Senhadex

 8, OLECERIDES), water soluble derivatives such as 3,3-ioene, N-

(oysioalkyDalkylamines and polighisam, insoluble quaternized palyetyrenes,
os

‘Ay nataes oy¥WS thi wk mss Lads 3mixtures thereof andthosebile avid sequestranis disclosed in WOOT/L1345, WO

USI OR2895, and USS7TOS188. Suitable inorganic cholesterol sequestranis include bismuth
 fate plus rnontmoriliontteclay, alumirnomnhydroxide and calcium carbonate antacids.

HMC-Codrodnetaseinhibitors are dyslipidemiic agents that can be used in therapeutic
comlnnation with GCC receptor4 OG

 CoA reductase inbibiters for use in therapeatic combination with a compoune Sin

include: atorvastatin (LIPITOR ®: disclosed in US468 1803, LISS38S8070 and  cakuum (disclosed in US52739¢5)}, chhydrocompactin, disclosed {

bervasiatin (disclosed in UISSO82859), carvastatin, cerivastatin (BAYCOL®:disclosed ia

 
 

WISSS02 799, and USS17 7080}, crilvastatin, dalvastatin (a 

Puvagtall PSOOLSy dise m US4739073 and USS34772), glenvastatin, Suinsdostatia

AA}, velostatin. (visinolin: disclosed in US4448784 and US44501713,

lovastatin fmovinalin, MEVACOR®(Merck and Co.} and related compounds disclosed ix

US422 1938), mevastatin (and related compound disclosed in L/S3983 140), compactin (and

related camprunds disclosedin US4804770), pitavastatin ¢ also known as NK-i94, itavast:atin,

nigvasialin, mshastatin disclosed in USS102888), pravastatin (PRAVACHOL(Bristol Myers

Squibb} and related gcanpounds disclosed in US4346227), rivastatin (sodhun J-(4-fluorephenyi 

isthoxymethylpyridin-3-yl }-3 S-dibydroxyG-heptanoate), rosu 

 
EN

mowsas ZD-4522 disclosed in USS260440}, atevastatin, v
 
minvasistin (ZOCOR(Merck and Co.} andrelated compounds as disclosed in US4448784 and

 USSSS01 71), sirrivastatin, CLOS 1, compounds disclosed in WOU

um Lad
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SSTS4, USGA ISTO, USIG86237, US4499789, LIS4346227, USSTS3I67S, UISSGI3610,

EPOL2TQ25, and EP401226, and optical or geometric isomers thereof and nontoxic

pharmaceuticallyacceptable salts, N-oxides, esters, quaternary arnmonium salts, and prodruge

thereat In HIMO-CoAreductase inhibitors where an open-acid form can exist, salt and eater

lorma maypreferably be formedfrom the open-acid, and all such forme are included withinthe

meaning ofthe term “HMG-CoAreductase inhibitor" as used herein. Pharmaceutically

soceptable salts with respect to the HMG-CoA reductase inhibitorincludes non-toxic salts of the

compounds which sre generally prepared byreactingthe free acid with a suitable organic or

inorganic base, particularty those formed from cations such as sodium, sotassitar
 xcalctum, lithium, magnesium, zinc and tetramethvianimonium, as well aathos:

anlines such as anyoionia, ethylenediamine, N-methyiglacamine, lysine, arCoa emuhine, 

menzylethylenediamine, chloreprocaine, diethanolamine, procaine, N~
e thylamine, [-p-chiarobengy!-2-pyrrclidine- i -ylamethylbanalm- idazale,

Wethylaming, piperazine, and trie(hydroxymethyl) aminomethane. Further examplesofsalt

forma of HMOMCoAreduotase inhibitors may include, but aro not Heiitedto, acetate,

bernxoncaulfonate, bonztade, bicarbonate, bisulfate, blarirare, horate, bromide, calclum edetate,

ramsplate, carbonate, chlorite, clavulanate, citrate, dihydrochloride, odetate, ediaviate, estolate,

 euvlate, fumarate, glucoptate, ghiconaie, glutamate, giyecilylarsanilate, hexyir 

hydrabaniine, hydrobramide, hydrochloride, bydroxynapthoate, iodide, isnthionate, lactate,

lactobianate, laurnte, malate, maleate, mandelate, mesylate, meethylsulfate, mucate, napaylatc,

uitratc, dleate, oxalate, pamaote, palmitate, panthothenate, phesphz polygalacturonate, salicylate, stearate, subacetate, succinate, tannat

tricthiodide, and vale

Other dyshipidemic agents which can be used intherapeutic combination with a GCCreceniar

HMG-CoA synthase ithibitors suchas L-659,699 ((BID-11-19'RRhyydroxy-methyt}-4-oxo-2R-
4-undovadienois acid} and those disclosed in USS120729, 
 

tAfe
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cholesterol absorption inhrbitora such as plant sterols, plant sianols and/or Tatty ack] estesrs a

plant stanols such ag sitostano! ester used in BENHRCOL® margan8 wie, slariad esters, Gele~

sitesternl, and siero! glycosides such as tigqueside, Other cholesierel :

LADS

i,
‘ sh eS

ADNCHTHLOTL |inhibitors inehade
x

idin-2-ones; 4-blarylyl-l -phenslazetidin-2-ones; 4-chydroxyphonyljazetidineg- 
4 y

anes: L4-dinhonyl-3-hydrexyaiky!-2-azetidinones, 4-biphenyl- | sphenyiacetidin-2-ones, 4-

taryiyi-]-phenviazelidin-2-canes; and 4-biphenylylaxetidinones,

acyl coenzyme A -cholesteral acyl transterase (ACAT) inhibitors such as avasimibe (Current

Opinion in Investigational Drags. 349-291-297 (2003), eflucimibe, THL-004, lecimibe, DuP-1 56Ae &

KYSOS, SMP 7ST, CL-277.082 (lin Pharmacol Ther, 48(2):1 89-94 (19905) and the like: and

those discinsed in LIS545 10379,(1V096/26948 and WOoG/TOS59:

CETP inhibRers such as FIT 70S identified as in Nature ~F (2000), torrefrapib 

 UISZ00301 86952 and WOO0/G1 7164), CP $32,832, BAVYS3-2148, 8C

S01, 50 78S, and the Hike including those deseribed in Current Opinion im investigabonal Unuigs.

AHS 201333 and those disclosedin J. Antibiot, 49(8): $15-814 (1996), and Bioorg. Med.

 (996) and patent publications USSS 12548, USSIATIS

34, W99412397, WORSETSS, WOSe1 31

{PRPS 1O7, BPSTS448, DRTOTONG244, DEIOTA HIS], DELOTAL IOS,

S125, DEVG627480, DETIS32188, DED

 

DRIP7042437, OF 

squalene synthetase inhibitors sack as squalestatin-1, TAN-475, and chase discloged in

 24, UISS712306 (coophosphono-salftmates), Biller et ai (1988) J. Med.i} 3 , 3

%thom., 31/1869 (e.g. isoprencid (phasphinylanethyliphosphonates}, Hiller et al (2890) Current
Ess *PharmaceuticalDesign, 2:1, F. Ortiz de Montellanc et al (1977) J. Med. Chem. 2-242

tes}, Corey and Volante (1976) J. Am. Chern. Scc., 98:1 

diphosphate analog A and presqualenc pyrophosphate (PSQ-PP)} analogs), McCi 
nbinyinkosphonates}, Casson, TP. £.. PhD digsertatron, fur 

Dept. Med. Chem. U of Utah, Abstract, fable of Contents, pp 16, 17, 40-43, 48-31, Sun 

wi tA
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. Ter. Patents (1993) 861, and patent publications EPOSSTO2GA),

HOGSS77AL EPQOLIT40A) RPOFOSGOTAS, EPOVOLUTISAL, and WOOD  
antioxidants such as probucol (and related compounds disclosed in US3674836), probucel

derivative $ AG1-1087 (and other derivatives disclosed in L9S6121319 and US6i47250},

tovopherol, asearhic acid, 6-caurotene, seleniumand vitamins such as vitamin B86 or vitamin Bi?

and pharmaceutically acoeptablesalts andesters thereof

PPARwagonisis such as those disclosed in USG028109 (Suoropheny] compounds), WOOQ75103

substituted phenyipropionic compounds), WO08/43081 and fibric acid derivatives (brates)

 such as hecloiibrate, benxafibrate, bexafibrate (CLAS. Rewistry No. 41 S59-87-0, soe

USS 7S1328), biniiibrate (CLAS. Reuistry No. 69047-39-8, see BESS4722}, <iprotfibrate (CAS,
Registry No, 32214-84-3, see US3948073), clinofibrate (CLAS. Registry No, SO298-08-2, see

W837 16583), clelibrate (such as ethyl 2trlorophenoxy}-2-methyl-propionate, e.g, Airomid-
S& capsules CWoveth-A verse. atofibra fibrate Trcor® snicronized fenofibrate (o-SW capsules OW yeth-Ayorsd}, olalibr fenofibrate (such as Tricor® micrpnized fenofibrate ({2

obenzay)phenoxy}-2 mnethyl-propanoie anid, } “methylethyl ester, Abbott
Laboratories} or Lipanthylmicronized fenofibrate (Labortoire Founier, Franec}}), semosbene,

gomiitroail (such as 4-(2,S-dimethylphenoxy}-2.2-dimethvipentanaic acid, eg. Lopid®tablets

4, LYS1TS674 and those Abrate and Tdbrate acid

O3348 1, WORDS3907, WOOR0dSL1G,

iParke Davia}, hfibrol, G4764"

derivatives discissed in WOUSA 
Be Z Ss.aes=Nae= iepe eww oeao3 eo yen a ba peed isaa en ” 

s auch as GW3965, TSOTS137, and APTCOIE?

ay US S003 0125387, WOO3AMS3 82, WO03/083352, WO0S/059874, and the ike:

 S28 > axicl Thase disclosed

HM74 and HMI7SAA (human HMI44 is Genbank Accession No. AYI48384 and ratHMTAA is
EMM.patAROGk624) receptor agonists such as nicotinic acid (siacin} and derivatives thercef 

{e.8. Compcumds comprising a pyridine-3-carhoxylate structure ar a pyragine-2-carboxylate

structure, including act! forms, salts, esters, zwilterions umd tautorners, where aay
ne Tmt net Hiteto taese disclosed in Wise et al (2003) 3. Biol Chem, 2x a we on ae ones tA

tay baa
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vipytascie-3-carboxyho acid and acitran (4,4-dihydro-S-methy)-4-oxo-S-phenyi-2-Soran 

carbexylic acid pyradine-3-acetic acidy), as well as S-methyiricotinic acid, nicotinuric acid,
tet

nicertirel, nicofuranase, acipimox (S-methylpyrazine-2-carboxylic acid 4-axide), Niaspan®
x

(niacin extended-release rapiets, Kos} and those which can be easily ideniifk  the art wi tr and agonize theHM74A or HM?4 receptor (or exam

1 (2003) J. Biol. Chem 278:9869 (nicotine binding and {
Ped

tal (2003) Biochem. Biophys. Res. Comm. 305.354 fy  
assay using the HM74 receptor which could be adapted to the HM744 receptor), Tenary cf al

{3003) Nature Medicine S352 (calenummobilization assay using the HM74 receptor which
could be adapfed to theHM74A receptor) and US6420183 {FLIPR assays are deacribed

generally in and may be adapted to theHM74A or HM?receptor)

renin angiotensin system: inhibitors:

bile acid reabsorption inhibitors (bile acid reuptake inhititors}, such as BART 1483, SC435,

PHASSAGAD, S802), AZDTIOG, and the Hke:

PRARG agonists Gneluding partial agonists} such as GW$61516, and GW SOG7345, and those

phenols}, WO03/024395, WOO7/28 [40 WOOLTST SF, 
WO02/46176, WOOL/076857, WOO6291, WOO8/03 2493,WOoe/20275 tninoline— compounds), WOS/38845 (aryl eampounds}, WCANY63 16!3

ij é-disubstituted phenyl compounds), WOOL/G0379 (aryl compounds},WOOL/T2612 &

hahWOOMLSIS? (benzoic acid compounds), and WO97/3 1907 (substituted 4-hydroxy-

phenylalconis acid camprund}:

sterol biosymbesis iniibitors such as DMP-S65-

irigiveende synthesis infibiters:

microsumal irighyceride transport (MYTTP} inhibiters, such as Inplitapide, LABSST, ansa

CPS46086, ABC733, anpliapide and the He;
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 NMGsd roduetase pene expression inhibitors fe.compounds that decrease HMG-CoA

roductase expression by affecting (e.g. blocking} transcriptionor translation of HMG-CoA

reguclase into protein or compounds that maybe biotransformedinte compounds that havethe

aforementionedattributes by one or more enzymes in the cholestere) biosynthetic cascade or

maylead to the accumulation of an isoprene metabolite that has the afnrementioned activities

{such reguigtion is readily determined by those skilled in the art accarding to standard assays
(Methods ofEnzymology, 1149-19 1985) anch as those disclaserl in faes

 substifuted Isnosterol derivatives) and E. 1. Mereer (1993) Prog, Lip. Re:

stercis that suppress the biosynthesis ofHMG-CoA reductase}; 

pinhsbitors such as NB-598 (()-N-ethylN-(6,0-dinsethy!-2-hepten-4-y- ayl + rethonyJbenzene-methanamine hydrochlorideh

lowdensity Hpoprotein (LDL) receptor indreers such asHOUE-402 (an imidaxzolidinyl-pyriniidine

derivative that directly stimulates LDL reeeptor activity, see Huettinger ef al (1993) Arterioscler.‘ih

Thromb. 13:)00S);

Qlatelel aeprogalion inhibitors;

S-L0 or FLAP inhibltors:

PPAR madgistors Gncluding compounds that may have multiple funetionality for uctivating

vanous combinalions of PPARaGPPAR’ and PPARS) such as these disclose

USOlG8 781, US6166049, WOOU/T240T, WOOO 18455. WwOOOI4I * ACME
32, WUSRY236332,

392, WOUG/S3563, WO00/63 153, WOU/63196, WOOK 196,

S322, WO00/76313, WOOL/0d35), WOOL 1444

FP PUGd, WOOLZEISE, WOOL2TS78, WOGLIS181, WOONZS

DUPOIS, WOG2OR 1428, WOH

16265, WOO3 033483, WOOs/O42 194, Wood!

WCFZSSS WOOSf073 87, WOOG/T 1355, WOOT 2534, WOOT

 
 

YOON:“S WOU0/23442, WO00/23445, WO00/2345 1, WOO) 
 

  WOO fT  

  WOOLS238, |   

WOse78 Le  
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-(4-[difluvorophenyl+1 heptvtureidojethy)ipher  
miacin-bound chromium, as diaclosed in WOG3/0395345-

substituted acid derivatives disclosed in WOO3/0401 14:

 edtapolipoprotemB imbibiters such as those disclosed in WO82/080347, WOO?,
ie

WOORO4S021, WOOHO4TS PSs

Pe:Sector Aa moxdniaters such as those disclosed inWOOS/OS74517, WOO3/0475 CVGERGR I:3

vE

dval bile avic transport (IBAT") inhibitors (or apical sodium ec-dependent Mile acid transport
4
:

(ASHM) inhibiiors) such as benzothiepines Gacluding 12-benzothiazepines: | 4- 

boenainhiazepines; 1 5-bersothiaxepines: 1,2, $-benzothiadiazepines);

  
%

SPARSactivalors such as disclosed in WOOQ1/00603 (thiazole and oxavale devivat 

 SIR-323-4),WOOT/IR 149 (fluora, chlore and thio phenoxy phenyla

US2083365 inon-f-oxidizablefatty acid analegues), and WOSSAMSI 5S.

yypertens  agents

The agents described herein can be used in therapeutic combination with one ar more anti-

hypertensive agents, including bat not limited to:

diurciics, such as thiagides (e.g., chiorthalidone, cyelothiazide (CAS RN 2259-96-53},

ehlorothiagide (CAS RN 72956-09-3, which maybe prepared as disclosed in US2800194),

dichlorophenamide, hydraflumethisxide, indapamide, solythiazide, bendroftumethaxide,

 methyelothavide, poivth razide, chiorthalidone, indapamide, metolazane,

quinethazone, althiszide (AS RN SS88-16-9, which may be prepared as dis
Patent Noa. Of }, Genathiazide (CAS RN O1-33-8, winch maybe prepare  

} bathlazide Gvhick may be prepared as disclosed in British Pater

Lot We

3141



3142

ut

on, Cat
Q

Tt

SoaroN

BD wast

WO 2008/137318 PCT/US2008/061205

i
and hydrachiorothiazide), loop diuretics (¢.2., bumetanide, cthacrynic acid, furosemide, and

lorasemide}, polussiinnsparing agents (e.¢., amiloride, and triamterene (CAS Nisnber 304-01-

Uy}, and aldosterone antagonista (e.g., spironolactone (CAS Number 53-O1-7 and active

metabolites therealinchaling canrenone), epirenone, andthe like}:

O-adrenergic blockers such as Amiodarone (Cordarone, Pacerone}, bunolol kvdrewhioris

RN31969-03-8, Parke-Davis}, acebutolol (4N-[3-Acety-4-[2-h methylothyamine}propoxyphenyl|-batanamiide, or ()-3-Age

‘isepropylamine} propoxy] butyranilide}, acebutalol hydrochloride fe.g., Sectral®, Wyeth-

Ayerst), alprenoicd hydrochloride (CAS RN 13 707-88-S see Netherlands Patent Application No,

 SAH3 O92}, alenolol (e.g., Tenarmin®, AstraZeneca), carteolol hydrochloride (e.g, C:

 fimiab®, Abbott}, Celiprolel hvdrachloride (CAS RN S7470-75
¥

ectamolol hydrochloride (CAS RN 77S90-95-5, see also US4059622), lahetalal hydrochloride
s

iz.g.,Normodyne®, Schering), esmolol hydrochloride (ez, Breviloc®Baxter), levobataxoio!2

hydrochloride (c.g., Betaxon™’ Ophthalmic Suspension, Ajcon), levebonolnl hydrochloride jes.

Setagan® Liquilllm®with C CAPO Compliance Cap, Allergan}, nadolol! fe.g., Nadolol,

Corgan, Mylan}, practelal (CAS RN6673-354, see alsa US3408387), proprancie!ue

hydrochlonds (CAS RN 318-98-9}, sotalol hydrochloride (e.g,Belapace AF"Serle}, timole!

~<hmethylethy Damino}-3-[[4-4(4-morpholinyl}-12,5-thindiazol-3-yilsWid RPS  henulydrate, (8, CAS RN 91524-16-2)}, timolol maleate (S)-1-[(1 J-dimethyletivl) amino’

iia. (G-amerpholinyl- 1,2yerthiadiaxol -3- yl] axybpepe“)-2-inttenedinate (i:1} sale, ©
 

 
 

RN2602 1-17-3) b seproles i2-Propansl, 1-[4-{{2on  

batenadioate (2:1) (sald)  

mothanal, ao'-[{iminohis(methylene)this[6-fuoro-3 4-dihydro-, CAS RN 09200-09-6 see alse

US. Pat. No. 4,654,362), cicloprolel hydrochloride, such 2-Propancl, 1-[4-{2-

{eyclopropvimethoxyethoxyIphenoxy]-3-[ L-methylethyjamino}-, hydrochloride, ALAS. RN

82686-79-3}, dexproprauciol hydrochloride (2-Propanol, {-[ ]-methylethy-amine]-~1-

naphthaionyviossy)-hydrochloride (CAS RN L3071-11-9), diacetalol fydrochlornide ¢Acetamide,
¥ ¥

GO
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‘drochloride
Syv“

‘
hs ~5-P]-hydresye2 

6, CAS RN 75659-08-4), oxaprolal

bydrochinride (2.Propane i-+(2-cyclohexyiphenoxy)}-3-1U1 -methylethyDamine |. hydrochloride
CAS RE S93 3}, Destolol sollate (Benxoie acid, 2-furo-,3-[13-laminocarbonyiiamine|- -%

 dimethylethy!|vo.
yprapyl esier, Cb) salfete (1:1) (salt), CAS RN 88844-735-)

nicisiol Sydrachioride eaeesalfanamide, N-[4-[]-bydroxy-2-(methylaminopropsipt£  
muntohydrochloride CAS RN 77

“
i-7}, metoprelel 2-Propanol, t-[4 

mt

nEhoayethyphenoxy}3-[ l-omethylethylamino}-; CAS RN 37380-58-6), metoprole! tartrate

fsuch as 2-Propanol, |-[442-methoxyethylphenoxy]-3-[(] snethsylethylhaminoe+, «2,

Lopressora:, Novartis), pamatolal sulfate (Carbamic acid, [2-[4-[2-hydroxy-34 6 l-q

yii-ethyll-, methy] ester, (2) sulfate (salt} (2:73, CAS RN

 Propanol, 1-(2-cyclapentyiphenoxy}3-[ 1 l-dimethyle-

S RN 38363-32-5}
ot:

hydromy3 yaraimo]}-propoxyiphenyl]-, CAS BN 9673-35-42} gprenalal~ ra a we ae ~ ’ 

hydrochloride (Propanol, 1-[(i -methyicthyamine}-3-]2-(methylihichphenoxy}, hydrochloridg,X J

39832434), tohunalol (Benzamide, 4-[2-[!2-hydroxy-3-(2-methyviphenesy}-2
 

olhosyl}-, CAS RN 38103-61-6), bopindolol, indenolal, pindolel fag. Visken}

propanolsi ex, insderal, Inderal-LA), tertatolol, Coreg (carvedilol}, and tihsalal, and the Hke;

calcuan channel binckers suchas besylate salt of amlodipine (such sa 3-cthyl-S-methyl-2-(2-

aminoethosyinethyi)-4-(2-chlarophenyi}1 ,4-dihydro-d-methyl-3 S-pyridinedicarbasxy!

  benxenesulphonate, og, Norvasc®, Pfizer}, cloniiazem maleate {1,5-Rensothiasepind(Sh)~

3-{acetylox y}-8-chlore-3-[2-dimethylamino)ethy! |-2,3-dihydro-2-(4-methnayohenyq 3 3

(f<}-2-buteriedioate (1:1), see also LIS4S67195), isradipine(3,5-Pyridinedicarboxvite acid, 4-(4

bonofnravany))- | 4-diydre-26-dimethyl-, methyl I-methylethy! ester, (t)-4(4

benmotbrazany!i d-dibydie-2,6-dimethyl-3,S-pyridinedicarboxyinic, see alsa L/S44a6607 2}: 

ye (such as isiesapropyd (2- methoxyethy)) b, d- duhydro ~2,6- dimethyl -4- (3-uo

 3

, Bayer), felodipine (such as ofiyy)~3,3+ pyridine ~ dicarhoxylate, e.g. Nimatap@®

methy! 4-(23-dichlorapheny!} 1 4-dihydro-2.¢6-dimethyl-3,5-pyndinedicarboxyinte-, 6...ae we

eg fern oo
¥

wdend a4Ta pat mae te ieerixxtonded-Release, Astrateneca LP} nilvadipine (3,5-FPyridinedicarboxyllc acid, 2-

Oo]
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peop?netermethyi-4-(3-nitrophenyl}-,3-metiry! 3-Ci metiylothy)} ester, alsa see 
ipine (suchua 3\5-pyridinedicarboxylicacid, |.4-dihydra-2.8-dimethyl4-  

mirophenyl-, dimethyl ester, o.g., Procardia XL® Extended Relea

hydrochloride (sack as 1,5-Benzothiazepin-4(5H}-one,3-(acetyloxy)4  
3-dihydro-2i4methoxyphenyl}-, monobydrochloride, (-+)-cis., ep, Ts

veraparil hydrochloride (such as benzeneacetronitrile, (alpha)}-[/3-([2-43 4-dimethoxypheny!

ethylmethylamine|propyl}-3 4-dimethoxy-{alpha}(1-methylethy!} hydrochloride, og, lseptin®

SR, Knoll Labe}, teludipine hydrochloride (3,5-Pyndinedicarboxvileacid, 2-A

oy

iidimethylaminomethyl |4-[2-[¢1 £)-3-(1 1 -dimethylethoxy}3-oxo- i-propeny! Iphenyth-{ 4+! t

cibydro-G-metlyyl-, Hethy! ester, monebydrochloride) CAS RN LOSTOO-03-tedotlosdil
 iPhosphonie acid, [2-(2-phenaxyethyl}- | 3-propanc- diyi}bis-, telrabuty¥ e

4), fosteddl (Phospharis acid, [[4-(2-benzothiazolyliphenylmethyl], diethyi ester CAS RN 

O22), aranidipine, asclnidipine, barnilipine, benidipine, bepridil, cinaldipime, clevidiping,
 
efonidipme, gallopamil, lacidipine, lenuldipime, lercanidipine, monatenil maleate {1 -

 
 

t *

Dy-f4-fucroghenyvib, Piperazinebutananide, N-(6,11-dihydradibensa(b,ehihiepin-1 i  

é-butenedioaie (1:1) Ch-N-+46,11-Dk“ydrodibenzo(.e)thiep- inin-d }-vi)-4-(p-fl uoropheny)-i-
piperawinebutyramide maleate (1:1) CAS RN 132046-06-1), nicardipine, nisoklipine,x

nitrondipine, manidinime, pranidipine, and the Hke:

T-shamnel calolom antagonisis such as muibefradhl,

angigtensm converting enzyme (ACE) inhibiters such as benazepril, benaxepril hydrochloride

{such as 3-[1 |-(ethoxvearbonyl}-3-pherny!-(18)-propyllamino|-2,3,4,5-tetralyedra-2-oxo-1H -1-

(2$)-bensazepine-l-acetic acid monohydrochloride, ¢.g., Lotrel®, Novartis), captopril (suchas

1-29}-3-mnercapio-2-methylsropionyl|-L-proline, cg... Captopril, Mylan, CAS RN G3S71-£6-2

and others Gisclosed in US4046889), ceranapril (and others disclosed in US4452 790), ectapril

TE LBRO): 402543
¥

falecepril, Dainippon disclosed in Bar. Therap. Res. 39:6

(ielinan-LaRocie) dachssed in J. Carcdiovase. Pharmacol, 9:39 (7987), indalapeit (delaprii
hydrochloride (QH-1,2 4-Benzothiadiazine-7-anlfonamide, 3-“bieyelo[2.2. Hbeptote2+¥l-G-chloro-3.4-dihydre- ,indhoxide CAS RN 2250-06-3}; disclosed in US42845081), enalapril fand 

<:

others disciased in US4374829), enalopril, enaloprilat, fosinopril, (such ss seans-L-proline, €-

a2
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eyelohexy!-i-{[|2-methyl-1-(]-oxopropoxy) propoxyi(4-phenyibuty) phogp!huryllacetyl}-,
q

sodiansalt, e.g¢.. Monopril, Bristol-Myers Squibb and others disclosed inFes
 

sosinepril sodium {L-Proline, 4-cyclohoxyl-1-[f(R}-[(1S}2-methyl-1-+}-ox- &IPTOROR YSPPrOpORN},x

imidapril, indelapril (Schering, disclosed in J. Cardiovase. Pharmacol. $:643, 

lisinepel iMorck}, losinopril, maexipril, moexipell hydrochloride (8-Jsoquinolinecarhoaylic acid,
2 piethoxycarbony]}-3 -phenylpropyljamine} i -oxoprapsy]}-1- 2,3.4-tetrahydro-

. monohydrochioride, GS} CAS RN 82586-52-3), quinapril, quinaprilat, seni= 2   (Hoeechsst) disclosed in EP 79022 and Curr, Ther. Res, 40:74 (1986), perindopril erbumine

as S}-t-Carboxybutyljalanylhexalydro-2-indolinerarborvilcacid, | 

othy! ester, compound with terf-botvianine (lik eg. Aceon®, Solvay), perindopril (Servic

disclosed in Bur J. chin. Pharmnacel, 31:519 1987)}}, quanipril (disclasedd in US4344ogoy,= ‘\

ssurapril (Schering, diser
G

C% wea ee5 fond cosSeeas%es
set iraey &,ae Pharmacel. Toxicol, SO (Supp. 3):173 (1986}}, te 

irandalapril, zofenopril fand others disclosed in 1184216906), rentlapril (fentlapril, disclosed in

tam. Exp. Pharmacol. Physiol. 10:131 (19833), pivepril, YSO8G, teprotide (Bradykinin

: ‘ }, BRE1 36,378 iSmith Kline Beecham, see EPBOR22 analSad tht eed iret ary
i
ao

1 af
potontiator APPOs CAS RN 3:

oy oe SY
EPGOQGGS), Mi-838 (Chapal, see CLA. 102:T2388¥ and Jap, J, Pharmacol 40:373 (1986), CGS

igsi4 (Ciba-GeigySy, 3-{{ f-othoxycarbonyl-3-phenyl-( 18}-propyflamine)}-2.345-tetraiydra-3-ox-
a I(Q8)-benzazepine1 acetic acid HCI, see UK. Patent No. 2108614), COS 16,617 (Cihe-

>
(LS }S-atine-1-carboxypentylfamino]-2,3.4~ S-tetrahydro<2-oxo-LH-I-

x

penizazepine- |-ethanoie acid, see LIS4473575), Ra 44570 (Hoechst, se Si 1234 (19833), R 31-220) (ofiman-LaRoche seeFEBS Lett 165-201

(Pharmacologist 26:243 266 (1984)), WY-44221 (Wyeth, see J. Med. Chom, 26:394 {i863},

and those disclosed in LIS2003006922 (paragraph 28), US4337201, USa432073

inhosphonanidates

neutral endopeptidase inhibitors such as omapatrilat (Vanlew@), COS 30440, cadoxatril and

ecadot, fagidetril Galso known as aladetril or alatriepril}, sanmpatrilet, mixangril, and

 
semopatrist, AYETSSS, RR4030and those disclosed in UIS536207237

3US4?49688. USS552397, USSS0408G, 0 

EPOSOO444, RIMMALS22 EPOS9Od44, RPOSOSG1O, EPOS343963, EPS34398, EPS34ae7,

G3
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endothelin antagonists such as texosentan, AS08165, and YM62869. and the Hke:

vasodilators suchas hydralazine (apresoline), clonidine (clonidine Bydrovhioride (1 H-Iniikdacct-

Samii, NSOPN-dihydro-, monohydrochloride CAS RN 4205-91-3},
catapres, minoxidil! Gowitend, nicotiny! aloohol (roniacal}, diftiazern hydrochloride {such as 1,4-

Benzolhiuazenn4{Sh}-one, 3 -dacetylony}-5[2-{dimethylaminojethyl}-2,-3 <hyaro-3(4-

smothosyphenyl)-, monobydrachloride, (+}-cis, ¢.¢., Tlazuc®, Forest), isosorbide dinitrate (such

as Lac 6-dianhydro-D-glucitel 2.S-dinitrate e.g, Isordii® Titradose®, Wyoth-Ayerst),
*

sorbide mononiirate fsach as 1,43,6-dlanhydro-D-giucito- 1)S-nitrate, an organicnitrate, o.2.,4

  ismod®, Wyeth-Ayerst}, nitrogiveerin (such as 2,3 propanetriol trinitrate, e.g, Nitrostat@? Parke.FES

Davis}, verapamil hydrochloride (such as bonzencacetonitrile, ())-alphay 

dhmetboxyphoenylotindhnethylamine jpropyl]-34-dimethowy-(aipha)- (i -methylethy!
 
 

oF
hydrochiorids, ¢  Extonded-Relouse, Searle}, chromonar OQvhich maybe prepares ge

as disclosedCh ne oe aah CFS fag Be oebo wie Sad Chi Sent clonitate (Annalen 1870 155), droprenilamine (which may be
 prepared as disclosed in DE25S21115), iidoflazine (which may be prepared as diselused in

*
 é8267 104): prenylamune Ovhich may be prepared as disclosed in US Sy. propaty] nirate2

 te hydrach} iwhich may he prepared as disclosed in French Patent No. 1,103,113), mic’ge

{i-Piperavineacetannds, 3-(amdnocarbonyhy-~/4,4-bist4-Ruorophienybutyl]26 

Wchioropheny))-, dibydrachloride CAS RIN 83898-67-3), mixidine (Bensencethans

dimothoxy-N-(l-methy]-2-pyrralidinylidence}- Pyrrolidine, 2-[(3,4-dimethexyphe
%

iwmethy)- f-Methyi-2-7G,4-dimethoxyphenethyliminepyrrolidine CAS RN 2
 

andsidomune (1,2,3-Oxadiazollum, 5-[(ethoxyearbonyDamino]-3-(44mnerphalinyl}, inner salt
 
 CAS RRC P-RGO-0}, isosorbide mononitrate (D-Ghicttol, 1,4:3,6-clandiydro-, S-nitrate OAS

Fay

RIN TOOS1-77-7}, erytriyl tetranitrate (12,54-Butanetetrel, tetranitrate, (2RS}rel-CAS RY

F297.28-8), clanitrate( {2-Propanedia!, 3-chloro-, dinitrate (7CT, SCL 8CHh CAS AN 3613-33-9),

dipyridamole Ethanol 2.252 ".2""-1OL8di -piperidinyinvrimidolsssiipyrimidine-24

diyDdinbriiotetrakis- CAS RN38-32-2), nicorandil (AS RNOS741-46-0 3-),

pyridinccarboxanude CO ESEETCOICEinv}-Nisoldipine35-Pyridinedicarboxyls acid, 1,4-
g

 
xy eae ¥ F Qoye 3 ¥

nifedipineidaneacnd, 1 j4-dihydro-2,6-dimethyl-4-(2-nitrophenvl}, dimetind
xiling mialoate (Piperidine, 2-(2.2-dieyvelohosylethyl-, (22)-2- 

o4
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butenedioate (151) CAS RN 6724-53-4), oxprenolol hydrochloride ©
3
ae  motiyletiyamino|-3-[2-(2-propenyioxyphenoxy]-, hydrochloride ¢ 

pentrinitrel ;4.,3-Propanediol, 2,2-bis| (nilrooxy}methyl}-, monenitrate fester}AS KN 1607-17-
S}, Verapamil (Benseneacetonitrile, o-{3-[[2-@.4-dimethoxyphenyDehiyll- mast 
3.4-dimethoxyox(i snethylethy)- CAS RN 52-53-9) and the Hke:

angiotensin. If receplor antagonists such as, aprosartan, Zolasartan, olmesartan, pratosarian,
PIGS2SK. RNHG27O, candesartan ( H-Benzinidazole -carboxylic acid, 2-ethoxy-!-fPihy1 H-Lh :

tefragol-S-yPN1, foismhenyild-yi}methyl]- CAS RN E394s1-“SETE camdesartan cllexetl (Cty.}-

 jeyciohexyicarbarviorywhatenneotennnneH-S<vibipheryi-4carboxylate, CAS KN 145040-37-5, USS703110 and LSS 196444), eprosarian( 
carboayphenylmetiy!-2-n-butyl-imidazoel-S-yl--(2-thienyimethyl} oropenoicacid, I and USS6S0859), irbesartan CorbatyT-3~ (Patih-teneSaisthy!

Yand US5128355), tasosartan (3,8-dibydra-24-imethy!-$-((in-
i }d-y)methyl|-pyrido[2.3-dipyrimidin-7(GHhone, USS 14969),

 nyi-2'-propyl-(2,6'-bi-lH-benzimidazol}ltsi)}Lf -biphenyihSe 
POL-48-d, USS591762), milfasarian, abntesartan, valsartan

(Diovan® (Novartis), (8}-N-valeryi-N-[{2-H-tetracol- s-VDbiphenyl-d-v)methyiival

LISS39Q378}, EXP-3137 (2-N-butyl-4-chioro-I-{(2H-tetrazol-S-~yiybiphonyl-4-vf}-

S-carsaxyhic acid, USS1380G9, LISS1S3197and UISS128355}, $-42*-Ctetrazol-

yDmethyl-3,7-dimethy|-2-cthyl-3Hmidarol4,3-bloyridine, 412-ethyl-d.

trahydroindazal1 2~alpyridin-2-y1]-benzimida:4ot-l-ylmeting]-1,1°-

xylie acid, 2-butyl-6-(l-methony-l-amethvlethyl2-2)Jif-totravol-4.

ylbipheny]-<-ylmethyl!guinazolin4(3i)-one, 3-[2*-carboxyhipheny1-4-y)moeti
vyclopropy]-7-methyl- 3h-imidazol4,S-bipyidine, 2-buty]-¢-chlere-3

+ S
mira?
SOSEEAGQHS I> 

 

 
 

yitir“phenyl~ylnetieyllimidarole-carbosylic acid,aan
Seester potassiumsali, dipotassiam 2-butyl-4-(methylthio}i-(f2

rs
Le

sulfomylit i -biphenyi}-4-yllmethyl]- 1 N-inudazcle-3-carh— methyi-2-[[4-butyl-2-

ir, oe st
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mothyi-ngo-4

pyrimdiny!imet 
(ih-tetrazol-S-yipheny)ipyridine, 6-butyl-2-(2-phenylethy?J-SEf2"(1-tetrazol-S-yiyf i

~

tuphenyl|-4-motiry!Jpynimidin-4-(3M)-one DL lysine salt, Smethyl-7-n-propy!-84/2"4H-
oy

tetraxol-S-ylbiphenyl-d-yflmethyl|-{1,2,4]-triazolol13-cloyrimidin-2i3 NWeane, 2, freliethyl-S-
=

PRES at € y 4 2 a ak cet : é HH Y - rLid Stetrasolybiphenyi<4-yl{methyl|-SH-pyrazalo{1,5-b]f 124iiazole ppotassium salt, 2-{2-4 = - zh 4 rey LY og
butyied S-dihvdeoSoP 2? PdA-inmudarall4&-s . x i= + +-(1H-tetrazal-S-vipede"biphenyhuetis?}
  climethyl-d-

PPT EEy ~.fa Uritetragoi~d-\ayl-1"-biphenyt-4-yllmethoxyyipyeidine. S-ethouy-i -[{2?-S-ox062Sedibydra-
{2.4-cnudiagznl-3-yHbiphenyi-4-y!methyl]-1 H-bensimidazole-?-carbaxylic act, -YN2?-fTE

etragol-3.3]yhiphenyl-4-yLamethyl+ N-yvalcrolylaminomethyeoyelopentanc-l-carbax viic acid, }-eee tea

methyl-cn-propyl-3-[{271 H-tetrazal-5-yNbipheny]-4-yimetioyi}-3 H-imidazaf4.5-6pyridine, 3+
PSP eek yes FE “a ATLA ech(S-[(2-cthyL-3,7-dimethyl-3i-imidazo[4,5-bIpyridine-3 yDmethyl]-2-quinolinyl laodiun
morkoate, 3-laatyl-d-cJuloro-4-hydroxymethyl-5-methyl-3- *.(i Htetrazol3-yfbighenyi-4-

vl-i-f(4-carboxyphenylmethyl- PH-imidazol-S. id tetrazol-d-ybiphenyl-4-yl jmethyti in-O-one, 4¢S)-74. o

(carbuxymethy)phesoxy]-N-[2U0)-]4-(2-sulfobenzamidoimidazol- | -yiloctanoy]}-L-praling, I-

(2,6cHmethylphenyl)-4-butyi-1 3-dihydro-3-[[6-[2-¢] H~etraznl-Sylpheny!l-3-

pyridiny] [methy!]-2M-imidazel-2-one, 5,8-cthano-5,8-dimethyl-2 -n-propyl- 5.6.7o-teirahvdro- | -
{2°(1 bl -tetrs 

*
yoren, oi-3-yNbipheny!l-4-yl jmethyT]-1H4H-1 34aSs-tetrazacyclane ‘anaphthalens--

=

ene, de] P-{2 01 23,4-tetraxol-3-y)biphen-4-ylimethylamino]-5,6,7,3-ietrahydro-2-
oat

iifyiquinasohine, 2-42-chiorsbenzeyDimino-5-ethyl-3-[2’-(1 N-tetrazole-S-yf ot
3 to

yOmethy!-i3.4-thiadiazaline, 2-PS-cthyl-3-[2+( l Htetrazole-4-y)bipheny!-4-ylim
$

Hhascline-2-yhdenelaminocarbonyl-1-cyclopentenearboxvicactSees
 

4-]SemethylN-{S-methylcrotonoylamino|] -[f2 "+ N-tetrazal-S-yhhibiphenyi-d-yAnmethyt! +LH-
imidsole-S-carhoxylic acid 1-ethoxycarbonyloxyethy! ester, thosedisclosed in patent

2OG, EPSO7150, EPS39086, EPS39713, EPS35463, BPS3S465, EPS47059,

SP4O7342, EPILS886, RP424317, EP4SS8:

EP490850, EPSZST62, EP324377, EP323841, BP420237, FB

EP4I9287,1 EEO RPASdE49, EP446067, BP

im "o bn Moe sued fork fod Sao, “ vere) rmrrh
te

we ws) tty
%

hee Pep ce
3

pee,

 SODZ97, EPAZ6021, EP4soz04

 yhfoe
o

LAs. =oe ‘Cie parent
7
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oe bead

‘
pork

%
pope
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EP3gS73 | tS, EP4S3210, EP456442, RPATOTIS, &

EPS$9S627, EPS99414, EP490416, EP4O9415, EPSIE7O{, EPS16392.

D665, EP4S38859, BPSOS803, EPSIO7O2, EP4OGRSS, EP4G09TS, E

P419048, EP4S0659, EPART6i4, ER

RPSTOSTY, EPSOLTIS, EPSOIS3&, EPIGSGGS, EPSGSLLL EPS13

%

STU E
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VWSS212 195, USSTSOd38, URSS54G, USS04 1152, and USS210204, and pharmaceutically
uee

es ag.2 Pad Soot ee ig $b 4yet Voadk % Y os E“4& get tok %ea
z

omoA , ‘a:ft

 ch as nipradilol, arotinoin!, amosufale!, brefyliumtosylate (OAS RN:

&}~-74-6), dihydrocrgianine mesylate (suck as ergotaman-3’, |) 8-trione,9-1-dibydro-iz-
Stat

 Smethyiss-(phenylnetiivh-Sa}, moanomethanesulfonats, c.g,OHNE 440 byection,

Novartis}, carvedilol (seek as (5)-1-(Carbazol-d-vioay}-3-{12-1o-mathoayphonoavietiyljamine!-

ISRfeoeat ine Beecham), ishetalol (auch as S-{ i-hysiroxy-2-[{ l-methyt!-

S-phenyipropy)} anne] ethylisalicviamide monohydrochloride, e.g, Normodyno®, ScherSg  

 

 
2.

suzenemothanaminium, 2-bromo-N-ethyl-NN-dimetiryl, ssit with4-

io acid (1-7) CAS RN61-75-6), phentolamine mesylate (Phenal, 3-([¢4.5-

“iyipbenyamino} monomethanesulionate (gal) CAS
Ha 5-4 tnufo a, Fp eetxolo[4,$-flimiole, 7-(2-44 

piperazinylfletind)-, CRORY2dihydroxybutanedicate (171) CAS RIN
, i-phonyl4-[2-( Hil-tetrazol-S-ybpethyl}-, monohysdrochioride (8C1, 8CH d the ike:

yacdrener8 ore soptor blockers, such as alfuxosin (CAS|  

 
precogin Osint  igmsulosin, bunazosin, trimazosin, ¢

hydrochloride (which maybe prepared as disclosed in

AS RN 33743-08-3), and inbetalol frydrachioride and combiriaiions

 2 agonists suck as methyideps, methyidepa HCL, lofesidine, Hamoenidine, moxonkling,~ w

timenidine, guancbenz, and the RK

 iiiors, ane ihe Nice;

ove

T-binding agents such as those disclosed in WsASOS33: 

h us ranolazine (hydrochloride! -Piperaxineacetanmmde, N-{2,f-
 Shydroxy-3(2-methoxyphenoxypropyl}, dibydrockiaride CAS RN 83035-
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drochioride {2-Propanol, {-[4-[2 (oycloprapyimethoxyiethyliphene:x  

 bydrachloride CAS RN 63659-19-S), butoprovine hydrachioride

Sidibutylaminejprapesyphenyl \(2-ethyi-3-indoliainyl}, monohydrochioride

34.3}, cinspazet maleate !-Piperaxineacetic acid, 4-[f-c  
2  trimethoxyvphenyl}-2-propenyll-, ethyl ester, (22)-2-butenedioaie f1:)}

 togifen (Bernwvenesal fenamide, d-methyl-N-[[][CS}-l-methyt-2-phenyletivg! fe 

CAS RN 32293-1844), verapamilhydrochioride (Benzencacetonitrile, a{3- 
dimethosyphenyDethylimethSaminepropyl“3 4-dneeoriometihyt et

fQ  [LethosycarbonyDamino[-3-f4-morpholyanvil, inner salt CAS RN 2S 797-86-0), and ranolasine

 
an

® Tablets available fram Robins}pees, an $e Ca fae3 ota ma Soa uy eRrai’ ‘hae mo Cona ned Se ood eat
5

wee
44

ey :Bron oh
thB heapwePe wea7ooeexsned a.Lt }:

5a ied <7gocoot &

facetiethyHdeparhydracttorothiazide (such as levo~-3-(3,4-dihydroxypheny!}-d-methylalanine)“a "

has G-chioro-3 4-dihydro-2H -12  t-beneothiad  cae
yo

ets available fro
di A 1 redFORrede,s., the combination as, eg. Aldork® Tabi

oy:
aside (auch as f-chioro-2 4-1, 2,.4-hbensothiadiazine-7-sulfonanide 

leseribed above, cg, Aldocior®, Merck}, clanidine

iydrochioride (uch as 3-(2,6-dichlorophenylaming}2-imidaroline hydrochlorides and
é‘= ‘

ohiowthshidens chlore-4-{ 1-hydroxy-3-on8o-l-iscindoliny)) benzencsulfonaniids), ¢.2., 

 sehringer Ingelheim), clonuline hydrochloride (sack as 2-{

sJagtine}2-imidazalimne hydrochloride, e.g., Catapres®, Bochringer Ingelheim),

 mmidaxol-2-amine, N-(2.6-dichlorophenyi4,S-dilydra-CAS RN $205-90-7); and

sciosed in US 2SG03 G0G022 1b.
 

ent of obesityRSSaaaeaetee=<

 4 bo administered together with one or more agents useful in the
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giyeogen synthase kinase 3 inhibitors such as those disclosed in WOO03/033663aoe
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doaapes for some of ihe combination therapy agents described herem are feud in the “ENF 

Recommended Dose” coluran af tables on pages 11-17 afWOOT/76632 fhe data in t

bewng attributed to the March 2000 British National Pornralary} and can also be found in other

standard formularies ard other dnig prescribing directories. For some drags, the cusiemary

 ton rs
Prescecribed an indication will vBEY§somewhat from ©CRITYLo coun

‘The agems, slope or in combination, can be combined with any pharmaceutically acceptable
o

carrier gr medium. ‘hus, they can be combined with materiais that do act produce an adverse,

allergic or atherwise umwantedreaction whon administered to a patient, The carniors or mechs

vised car tachads sobvents, Capersants, coatings, absorption promotingagents, co
agonis, and ane or more inert axcipionts (whieh include starches, polyols, granulating¢ 

eeiphero, Celphere beads}, diluents, lubricants,2

disiniegrating agents, and thelike}, ete. If desired, tablet dosages ofthe disclosed SCREYOSHIO

Coarmpasitions of the present disclasure may alse optionally include other therapeutic ingredients,

anti-caking agenis, preservatives, sweetening agents, colorants, flavors, desiocants, plasticizers,

dyes, plidanis, ant-adherents, anti-static agents, surfactants (wetting agents), anti-oxidants, Him-

coming agents, and the ike. Any such optional ingredient must be compatible with the

compound deseribed herein to insure the stability of the formmlation.

  Sh ain other additives as needed, 3

fructose, galactose, trehalose, sucrose, maliose, rafinose, maliite
© ke 8 4 eaeaed
lactitel, palatinite, starch, xylitel, mannitol, myoinesital, andthe aril 

i? winie,amine acids, for example alanine, glycine and betaine, and peptides and proteins, for exanyple 

albontern,

Exarnples of excipients for use as the pharmacentically aeceptable carriers and Ure4

optable inert carriers and the aforementioned additional ingredients include, pharmaceut 

 Gat are nal Ennted to binders, filers, disintegrants, lubricants, anti-microbial aper
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8.
malaBSCS, SOYBH inne, surbilol special solution, 9: crose}: wet granuinion agents ise

%

eatotamcarbonate, lactose anhydrous, lactose monohydrate, maliodestrin, mannitel,
: 4

muiormorystalline cel
Sa

hilose, povidone, starch), caramel, carboxymethylociiaiose sodium, cherry

cream Alaverand cherry flavor, citric acid anhydrous, citric acid, confectioner’s sugar, D&C

& Red No. 33, D&C ¥ellkey 410 ARmminumnLake, disodiom odetate, ethyl alechoi 1446, POS C

 lew Mo. 6 aluminnm fake, FO&C Blue 61 Aluminum Lake, FD&C Blue No. 1, FD&C bine
et

ne, 2 aluminum [eke PS Green No.3, FIMO Red No. 40, FD&C Yellow No. 6 Abanrum
t cn
take¢Mey, PEar Yeeke 

¥

vy No.8, FD&C Yollow No.0, ghycoral palmitostearate, shyceryl
4

monastvarate, indigo carmine, lecithin, manitol, methyl and propyl parabens, moa animcnum

ig ®, natural ancl artificial orangeflaver, pharrmeceutival glaze, poluaamer 188,

 20, pobvsorbate 80, polyvidone,pregelatinized cornstarch,

pregelatinixed siarch, red irom oxide, saccharin sodium, sodium carboxymethyl ether, sodians

 chloride, sodiam citrate, sodiam phosphate, strawberry flavor, syut

aynthetic red iron oxide, titamhen dioxide, and white wax

 

Solid oral dosage forms may optionally be treated with   

costing system, for aranrple Opadryi® bhie (OW-DS-209820 ), 

40}. and black ink (S-1-8106}. 

tags ty ese form or as a sali can be combined with a polyrner such

}, poly-(]}-lactic-giycolic-tariaric acid (POSLGT) OVO 
 
 

3,773,919), polylactic ack 

me oxide} (LUS. ROGI0OGR384) fo create 8 sustained release

* . oy ‘ 2 +8 Pore Taswage a “east ete Secor .formulation, Such formelations can be used to implants that release a peptide or another age:2

28 oyera period ofa few days, a few weeks or several months depending oa the palymer, the 

particle size of the pulymer, and the sive ofthe unplant (see©, OG, UG. 6.620429) Other
sastained release formulations and polymers for ase in are described in EPO 467 3289 Ag, WO

2, WO OFat
X,
VvO85, WO OR/U7S887, WO OLDIQG4AS, US, $922,358, 
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SO80,945, WOO2ASR67T2, WO 9726015, WO 9704744, and. US2O0200 19446. In such
fees

 e and Blance-Frieta 2005 Maleoale 1O:45-80)

combined with microparticles of polymer. One or more sustained release rpplants

ruc intestine, the small intestine or both, US. 6,011,012 and Wm

ustained release fommulation providing either pahyeth

PEC ANYor irtacetin. WO OSA:

Lecapnwndes £2 os
viene gtyouis (La. 

840] describes a formulation which maybath

eshanee bio yand provide comtroiled releascof the ager

lations are desortbed in U.S. a3, &&, ¥
S238, 704, WO O2/20398, WS GBT 302% US, BONS 0064 105, US. 200301 SS488.47, LIS.

M249 WO OL/4US TL, WO O1/492d9, WO OL/AOS 1),

 vortrolied telease formyae

4

 DOUS0S PSS07A1, US. 6.567 O80, WOOL”athe

The agenis can be administered, eg., by intravenous injection, intramuscular puection,

sabeulaneous iyection, intraperitoneal injection, tapical, sublingual, intraarheular ¢ 

 wtradermal, baceal, ophthalmic (including intraocular), infranasaly (includingusing a cant

intraspinally, intrathecally, or by other routes. The agents can be administered ora:

tablet or cachel containing a predetermined amount of the active ingredient, gel, pellet, gaste,
 

a x

syrup, bolus, eleciuary, slurry, capsule, powder lyophilized powder, granules, sachel, asa
Slafion of & suspension if ay errulsianof: a waterin-ol! law

sda.a Hposomal formulation(sce, e.g. EP 736299, WO 99/59550 and WO 97/

formulations described in WO O3/094886, via bilosome (bile-salt based vesicular s LH 
dendrimer, or in some other form. Orally administered compositions ¢

 iubricants, inert diluents, lubricating, surface active or dispersing agenis, flavoring

framectants, Orally administered formulations such as tablets may optionally Seo
#Sj oe) ie, poh,peLe edrooF

; 2 onand maybe formulated so as te provide sustained, delayed or controlledrele

alsa be administered transdermally (.e.

 jes, thermal poration, hypodermic needies, 3

und or other forms of sonophoresig, jet injection, or a

of the preceding muathads (Prausnitz et al. 2004, Nature Reviews Drug Nae 
The agents can be administered using high-velocity transdermal partic!

Ce Cet
et
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using the hydrogel particle formelation described in US. 20G20061336. Additional particle
formulations asc described in WO GG/4S792, WO 00/53 180, and WO G2/199R9_ An oxarmpic of

t gt
{ formporea transdermal tion containing plaster and the absorption promoter dimethyhacs 

 
APA TIE * WES EIA 4 2 Qty > 2 ayes v trarugde “4
fO4179. WO 06/11 705 provides formulations suitable for transdermal

adminisitration, The agents can be administered in the forma suppositoryor fy other vaginal or

rectal means. The agents can be administered in a transmembrane formulationas describedin

WO S0/07823, The agents can be administed non-invasively via the dehydrated particicles

described in US. 6485,706. The agent can be administered in an enteric-coated drug
&

49621. The agents can be administered intr.gnassaly OS:
  formulation as desoribed in WO 02  

the formalstion deseribed ix US. 5,179,079. Formulations suitable for parenteral injection ure

described in WO G062T59. The agents can be administered usingthe casein formulation

deseribed in LU. S. 20036206939and WO 00/06108. The agents can be adeninistered using the

particulate formulations deserihed in US. 20020034336,

The agents, slone or in combination with other suitable consponents, can be adm) 

 
3

manary route nuilicing several ttot yor bray poe niques including but sot limited te intrateBe

f solution inte the lings by syringe), intratracheal delivery of Hposomne a
Soa ee soa“wyz

Nat ay

(administration. of powder formalation by syringe or any other similar device ine th
¥

serosal inhalation, Acrosels (e.g, jet or ultrasonic netrulizers, metered-dose inhalers

and dry-powder inhalers (DPIs}) can alse be used in intranasal applications. Agrogel

formulations are siubledispersions or suspensions of solid material and quid dropiets in 5

ecus medium and oan be placed into pressurized acceptable propellants, suchas 

hydroflurcalkanes {HPAs, \.¢, HFA-!34a and NFA-227, or a mixture thereat),
dichlurasliucramethane (er other chlorofluocarbon propellants such as a mixture af Propellanis¢

Li, 3, and/or 134), propane, nifroges, and the like. Pulmonary formulations mayinclude

4°

protease inhibitors}, adiuvants (e-.,
 

glycocholate, surfactin, span 85, an

preservatives (e.g., benzalkonivm chloride or chlorabutancl), anc(ethane!  » Dy weight), Ethanol is commonly included in asrest 

ungrave the function of the metering valve and In somecasesalso improve thestability ef the
x

dispersion, Pulraonary formulations mayalso includesurfactants wihtich include: bat are not
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 surisctante described in US. 6,524,557, ag, aCe-C16 fateyacid salt,

or alky! sacoaride are advantageous in that some of themsiso roported!y enhance absorption of

the peptide in the fommmulation. Also suitable in the disclosure are dry powder formulations

SOHN lyeffective amountof active compound blended with an appropriate ie in commeotian with a dey-powesor unhaler, Absorpttom enhancers

ulations mayinclude US. 5,230,884 U8. 
PUTS 20030165436, and WO 56/4008

ease formulations suitable for ibalation are deseribed in US.

POIWTIBGLVAT, and U.S. 2OG4OO1 S243.AT as well as in WO GL S881, WO

s deseribed in WO 03/01 S750, US, 20030008013and WO OOIEN 76.

ious containing stable glassystate powder are deseribed in U.S. 
1S. 6.969.671. Other serosal formulations are desribed in EP 1S38272A1

 £5. 8, $348,930, US, 6,436,367, WO OLAMOTT, and US

$200,987 describes a Nposomal based formulationthat can be admin 
yneans, Powder formulations for inhalation are desertbed in US. 200:

ve.

The agents can he administered intranasally ae described in US.  

‘The agenis can be incor‘poresinto srCTORMUSIONS, ¥which generally are ‘permedynanically
 

~ £yyan isterfacial film of surfactant molecules (tneyelopedia ofPharmaceutical
{New York: Marcel Dekker, 1902), volume &). For the preparation of microemulsions, suriaciant

‘Retant (eo-oornalsifier}. an all phase and a water phaseare necessary. Suilable 
ary surfactants thet are useful inthe® Preparation of omulsians, o:g.,
 

 
 

 

y

ecied from the group of pobyeiveeral derivatives, gh
“ 

&
uistfier‘co-cmulsifier combinations are generally although net; 4

pup consisting of glyceryl monasiearaic andd polyoxyyethyiens
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ivinically, buffers, shicose, propyicnealycol, polyet
welgin polyetiyione glvools f.2., PEO 300 and P 
macrezal elycerides), ete

The agents described herein can be incorporated info pharmacentically-accentabls nanosarhicis,Me oe *

nanosphere, and sanoorpsule formulations (Dele amd Blance-Prieia 2005 Molecule 163-80,
Nanocapsiuies can generally entrap compounds in a stable and reproducitle way (Nenry-o

Michelland ot al. P98 7; Quintanar-Guerreroet al. 1908; Douglas ef al. P987). To avaid side

effects duc to intracollular po! yineric overloading, ulfraline particles (steed around 0,1 ye} can

eradable polyalicy!- ible to be degraded in vivofe.g. biode a

cles}. Such particles are described in the pricr art (Couvreur et al, E980) 
Yambaux et al. 1998: Pinto-Alphandrv et al, 90S and5. Bat.

 

‘The agents described herein cum be formulated with pH sensitive materials which may include

those described In WOOd041 10S Gnehiding the seal and esteric coming deserihed therein) ane

 pbi-sensitive coatings thet achieve deliveryin the colon including these deserl

and WO8eooTs? vibes using a pH-sensitive material to opal a capsule:af o WOSO0TS ensitive coatings on beads containing schi, where the acid in

 

 Ysomehlinies covering 4 sharmuveutically Rew 
rix pellet onated with a dual mechanismpolymer mixture

same or diffs aon; and a pharmaceutical dosage furcontaining he rnairin pellet 
wen ehpaergvethyeyl tage “ wae Wes deserired herent PAY Oe disinteeration at pH levels of nominally about 5
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iormmiated in the pH triggered targeted contre] release systems described in WOMSO52339. “The

agents deseribed herein may be formulated according to thepe methoeiogy descr
a  

 
WOo83 LOSSES fextraded hyrdratable polymers}; WOO243 787? (enzyme ctcloavabls membrane
transinoutors}; 3007013 and WOO3086297 (muceadhesive syste 
jamdmated formulation cormprivingee lowering agent and abso

‘or Diigotropic solid lipsuspension with pseudotrepic an

ad WOORRSO41 ferodible, gastric reteniive dosag
%

ae Gustained release dosage forms}, WENN TI27E! foal 
oo

extended relaase cempositionss; WOUSOZ7878, WOOZ07IO33, and WO020720384fc

release compositions with natural or synthetic sum), WOOS030182 (oontrailed:
eeoyaataalmm ih mo oe. inteofem 128 et%mofasve an ascendingrate of release}; WOOS048998 (microencapsulation

Patent 5.957, 314 (iopolvmer}; USS108758 (glassy amylose matrix delivery}: Us

& OHHOSaN f(nuulified starch based delivery}. JPIOC
o

pad oOo tad bad ta, a apeSk yocs Go sw x zZ GoA
at

ea
Aa
iotoybed eet £42foda am) ew ea ie het ba a

 
resistant material suc Loharide 

2

comsining polymers US 633115 sa drucdeli J sysiom containing a waier soluble 

core (Og peetinate or other water-insoluble polymers} and outer cont which bursta leg

hydrophobic pobynner-BavinALTE.os US234464; US 6409730 (ooatitng with polymer oxracanniyue

casoin and high methoxy pectin; WOOL74175 (Maillard reaction product); WOOMG3206

isolubiiity increasing formulation); WOO401 9872 (iransferring fasion proteins). The agents described herein may be formulated using gastrointestinal relentionsystem technology

Merrion Phartecentioais)}. GIRES comprises s conirelicdtelease dosage Porminside ar

inflatable pouch, which is placed ia a drug capsule for oral administration. ©

thocapsule, 4 gus-generating sysieminflates the pouch in the stomach where 1 le retained for 16-

34 hours, all the time releasing agents described herein.

i ca yySgt‘The agenis deseribed herein can be fermulated in an osrnotic dey neladingdu: ones Hisclused
35850. US4503050 discloses an osmotic device for 

dispensinga drug to certain pH regions of the gastrointestinal tract. More partiontlariy, the

disclosure relates 6) an osmotic device comprising a wall formed of a semi-permeabic 9h

sensitive compostiion that surrounds a compariment comiaining 3  

 throughthe wall connecting the exterior of the device with the compart

ae
2
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the drugat a contratied rate in the region ofthe gastrointestinal tract having a pS! of less than 3.5

and the deviceself {releases all its drug in the region of the gastrointestmal tract

having a pli greater
Pa

Patent Nos. $609, 3
 58.502 disclose an asmatic burssingsavi 

beneficial agent ts an aqueous environment. The device comprises

aamapent surrounded at least in part by a semi-permeable membrane. The beneficial agent may

aise Ainctios as the asmagent. The semipermeable membrane is permeableto water and

Esoegeeo Ke oneoees Poona pers on eed iyJ&: Sue prope
o

deve Lta . on oney¥ impermeable to the beneficial agent and asmagert. A trigger means is atlached to

iene na eeoetat
feathe semi~pormeabls membranefe. ©, jos capsule halves}. The trigger meansis act:

% x
 of from 3 to 9 and triggers the eventual, bat sudden, delivery of the beneficial agent. Thesea

irolease of the beneficial agent core as a bolus by oenintic 

The agents described hersin may be formulated based on the disclosure de Ng. S315, 724 which discloses a composition for the controlled release

comprising a polymiric particle matrix, where cach particle delines a networkof micrnal pores.

She active substance is entrapped within the pore networktogether with a blocking agent having

ohysical and chemical characteristics selected to modifythe release rate ofthe activesubstance

myeostawee at.
pao tek es was oSx ca3ga

4
a¢ network, In one embodiment, drugs maybeselectively dehwered to the

>investi ses asingan enteric material as the blocking agent. The enteric material remains infact m
 the stomach fui degracies under the pNconditions ofthe imestines. Ins

a coSS2@rhok& a"g
2eioe essustained releage formrulstion employs a blocking agent, which remaisstable

conditions ofthe environment to which the active substanceis ta be released.

is AMeult bec

beneficial agent prior ta the releasesite or desired delivery time andifi

sensitive materials @ ta achieve site-specific delivery 
time lags hefure release ofthe active ingredientaller exposure to highpH(because of rapia

 

The dgents may also be formulatedin a lyybrid system which combines pH-sensitive materials

and camotic delivery sysiems. These hybrid devices provide delayed initiation of sustained-

release of the beneficial agent. In ane device a pli-sensilive matrix or coating disactves releasing

a3
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osmotic devices that provide sustained release of the beneficial agent see U.S. Patent Nos.

AA7TS, O75, 4881, 383, and 4251, 231. A second device cansisis ofa semipermeahle counting

made ofa polymer blend of ar insoluble and a pisenswitive material, As the pil increases, tte:
permeability of the coating Increases, increasing the rate of release of beneficial agent see LS.

Patent Nos. 4,086, 2384, $03,030, 4, 322, 628and 4: 

dheremn may be formulated in tlerpohimers according to 1S. Patent Ne.a

discloses terpolymers which aro sensitive to pH and tomperature which are 
useful carriers for conducting bioactive agents through the gastric fuices ofthe stomach iu a

 
tyd

a(nwer criical soluticn temperature} propertics belowv body temperatures, | to 3
sensitive comykment havirg: a pKa in the range of from2 to 8 which finelions through tonivation

ar deionivation ofcarboxylic acid groups ta prevent the bioactive agent from being lost at low

oNbut allows bioactive agent release at physiolngical pH of about 7.4 and a hydrophobic

cormponont which siabilises P below body teniperatures and comrpensal 
~be terpolymers previde dor safe bioactive8 procedure for dosage form fabrication and the terpolymer functians as 2

scidic exviroument of the stomach andalse protects the bioactive agents from digestive

emmynies until the bioactive agen! is released in the brtestinal tract.

The agents desoribed herein may be formulated in pH sensitive polymers according ta those

desevibed in U.S. Patent No. 6,103, 865. U.S. Patent No. 6,105, 865 discloses ni-sensitive

polymers containing adfonamide groups, whick can be changed in physical properties, suchas
%

swellability and selubilny, depending on pH and which can be applied fk Pa drug-delivery

syetony, hicsmaterial, sensor, atul the ike, and a preparation method therefore, The pl-sansrtive

polymers aro prepared fyintrodeetion of sulfonamide groups, varioas in shia, te bydraghilic

 y through coupling te the hydraphilic groups af polymers, such as

acrylamide, N, N- dimethvlacrylamide, acrylic acid, N-isopropyinerylamude andthe hikeor-

o4
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copolymerization with other polymerizable monomers. These pl-sensitive polymers mayhaveo coy

3 _sivietyiee af Lace sha Sve ba icbeescycad : retrat metvonek nedsStructure of near polymer, grafted copolymer, hydrogel or interpenetrating network polymer.

 

ompesiiion tor pH dependent orpd regulated ¢onmiroled release ofactive
Hants ‘specially drugs. The compasition consists of a compactable mixture af the active

Land slarch molecules substituted with acetate and dicarhonviate residuca. The

carbonylaie eid ig succinate, The average substitution degree of the acetate residus

Lami G. 2-12 for the dlearboxylate residue. The starc
 

rboxylate reskiues attached tc the sare starch molecule backboneor attached to separate
 

ete wygtin See 3
starch moleeule beoe7 ye my oa ne He &ooa eesrong%verm,teTE to coewd eee Paleeea we feFenagbees UL orreCh eefern iea reae gare tet Qo tows oN cea %th ae2 aet: as for prepariyTE

starch deviate Gearboxylates byttransesterification or mixing of starch acetates and atarch
pony rast os
Wicarboxylates respectively.

DRe agents described herein may Se fornvlated accordingte

Patont Nos. 5,554,[hs 788, GAT and 6506, 422 which4 
 

 > QCHTHENGINEPS ESpebeat A polymer of hydrophobic and weakly aci
nirolied release system. Also disclosed is a smectfic embodiment insoa wn

x

uuralicd release systera may be used. ‘The pH-sensitive polyanst is coated onto &
latex catheter ased inureteral cuthetorization. Aareteral catheter ooated with a pH-sensitive

polymer having an antibiotic or ureaseinhibitor trapped within Hs matrix will release theactive

agent when exposed te high pM urine.

The agents desoribed herein may be formulated inwith biaadhesive polymers according to US

3. 6,368, 187. Bioadhesive polymers in the form off or as a coating on, miccrocapsueas=

comaiting drugs or bioactive substances which may serve for ther“eat  

in diseases of the gastrointestinal tract, are described in USG365187. The pol ymeric
 bloadhesive force of at least 1} mNvem® (110 Nim) ‘Pechmmignies for the‘.gricrospheres

fabrication: sive microspheres, as well as a method for measuring hinadhesive forces
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aiAbetween miorospheres and selected seemmenty of the gastrointestinal tract in vitro sre aise

desertbed. This quantitative method orovides a means to establish a correlation between the

chemical nature, ihe surface morphology and the dimensions of drug-loaded micraspheres on

ome hand and bioadhesive forces on the other, allowing the screening of the must promising
x > ot

arpe group of natural and synthetic polymers which, from theoretical

oehoa fon tee ox ve a&hs fhieor making bioadhesive microspheres, Sokitions of medicament in

wlar-velicics are commonly employed te generate ar aerosol in 4

izers operate on Bernoulli's principie and employ a stream of air or

oxygen to ponerate the sprayparticles. More complex nebulizers employ nltrascund to create thete

enray particles. Both bynes are well known in the art and are desertbod imstandard texthocks af

pharmacy such as Sprowls’ American Pharmacy and Remington's The Science amd Practice of

Prarmacy. Other devis ZS&, we ss for generating aerosols employ compressed gases, Ew

bsdrofluoraocarbons and chiorafluorocarbons, which are mined edith the medicament and any

mwecaseary excipients in 6 pressurized container, these devices are Hhewise describedim standard

 oka such as Nprewvis and Remington.}

The agenis can be a fise acid or base, or a pharmacologically arcoptable salt i!A ¥ *  
 

be dissclved ar dispersed immediatelyprior to administration or earlier. |

the preparations clade a preservative to prevent the growth of mucroorganisms. The

pharmaceutical forms salable for Injection can inchidesterile aqueous or organic solutions or

dispersions which include, e.g, water, an aloghol, an organic solvent, an cil ar other solvent or
ako potter’ TP

able aris}. Thedispersant de.g., glycerai, propylene glycol, polyethylene glycol, and vegetoS

ain antioxidants, buffers, hacteriostats, and solutes that render the

servatives, Pharmaceutical agents can be sterilized by Nhter steriliaation or by 
‘The agent can be fused fo immunoglobulins or albumin, alburnin variants

4oy fragments theresa?) or Incorporated inte a Uposome to improve hal-Nie. Thus the agents

desevibed herein maybe. fused direetly or vie a peptide iinker, water soluble polymer, or prodrug

|hiker to albumin or an analog, fragment, or derivati   re thereat. Generally, the allan p

that are part of the fuaion proteins of the present disclosuremaybe derived albuornin cloned

OG
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cladiie hurnan, Human serum albumin (HSA) consists of4 single non 

 
 

rar S85 amine acids w 

ce ofhuman HSA is known {See Meloun, ct al. (1975) FEBS Letiers 38: 134:

 Fed. Proc. 34:591, Lawn, et al. (1981) Nueleic Ackix

Glia; Minghett, etal (1G86) J. Biol. Chem. 266747, each of which are incorporated by
“

ofercce heroin}. A variety of polymorphic variants as well as analogs ana

have Been descrthod. [See Weltkanrp, ef al. (7973) Ann. Hum. Genet. 37:2

EP 322,004, various shorter forms of HSA. Someof these fragmenta of
 

mefading HSACT-373), MSA(1-388), HSAC-389), HSAC-369)}, and HSAC-419) and fragments
yee

alburnin fragments that include NSACL-i7 Ys and 
 

 
en HSAC-177) and HSACI-200), Methods rek

TOL US 6,264857, US 6,996,134, US6 8.

s and references citedtherein,

& lor pegylation 
gornuulations containing PIsO-conmpates (ec. PEO-based hydrogels, PRG mundifiedRE

can be found in Harris and Cheas, Nature Reviews Drug [Nscovery 2; 214-221 and the references
i

therein. Agents can also be modified with alkyl groups (e.g, C1-C20 straighas &go  

, and combinations of PEG, aly! groups and fatty acid radicals {see
& 

 H,0332 Saltera et al, S001 Innovations in Pharmaceutical Technology 106-110)

The egent can be administered via a nanocochleate or cochleate delivery velicle (BioDelivery

Sciences international). The agents can be delivered transmacesally (Le. across a mucosal

surfaces such ag the vagina, eye or nose) using formulations suchgs that dexertbed in LULA.

 3,204,108 The agents can be formulated in microcapsules as described in

_can be admimistered intra-orally using the fommulations deseribed in US. 20020033496,
O GY/473. and US. 6,495,120. The agert can be delivered using nancemulsion

pedin WO OQL/GL728A2

3

formulations de
 
 

 

in gerieral, ane can provide far controlled releuse of the agents described heroin throughthe ase

a wide variety of polymeric carriers and controlledrelease systems including crodible and

97
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r soluble polviner, which may generally be described as an 
 

 
 

aa, orvsgel or water-swellable polymer. Nach polymers muy be Hnear, branck

wuners may be homopolymers or copolymers. In ceriain embodiments, they

fie polyrners derived fromvinyl, acrylate, methacrylate, urethane, oster and oxide

monomers, In other ernbodiments, they can be derivatives of naturally occurring polymere such

€  hitin, chitosan, dextran and puilulan; gnm agar, su ig, SUR

karaya, focust bean gum, gum tragscanth, carrageenans, gum phattl guar gum, xanthan gum and
sclorpphican}, starches (e.g. dextrin and maltodextrin), lydrophilic colloids e.g. pectin},

¢

phosphatides (e.g. lecuhin}, alginates (¢.8. ammoniumalginate, Ssodtum, yeMfasaienar calchan
  alginate}, eelatin, collagen, and

polynier that sas beenmedified hy reaction of at least aportion of the hydroxy! groupe on the

saccharnie repeat unis with a compound to form an ester-linked or an ather-Hnked substituent,
+

Bor exampio,‘the celiuinsio etinyl cellulose has an ether linked ethyl] sutvetituent attached te thea

 sacchariderepeat unit, while the cesHulosic eellalose an ester linked aeciatebm

auhsttuent, in cerisin- embodiments, the celhilosics for the eradible matrix comprises aqucous-

 soluble and aqnecus-crodibice collulosics can include, for exaniple, otfryl « e fEic}

mothylethyi colluiase (MEO) carboxymethyl cellnlose (CMC), CMEC, hydroxyethyl cellulose

 droxypromy! cellulose (HPC), cellulose acetate (CA), cellulose propionate (CP

aso butyrate (CG), celhilase acetate butyrate (CAB), CAP, CAT, bydroxyprapy! methyl

cellulose (NPM), HPMOCP, HPMCAS, hydroxypropyl methyl cellulase acetate trimeliNats

tHPMCAT), and cthyllydraxy ethyicelinlose (EHEC). in cerlain embodiments, the ocliniasics

comprises various grades of lowviseasity (MWless than or equal ta aon
« Dow Methocs!series BS,EI{SLV, ESOLYand K1O0L 
& series} HPMC. Other commercially aysilable types of SPMCinclude the Shin

Exsu Motolose QU8H serics.

eofmiatrix material can have a laree effect on the maximum drag conceriiration

by the device as weil as the maintenance ofa high drug concentration. The matrix

material can be & concentration-enhancing polymer, for example, as described in WOO3A9) 1634

ie
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as the erodible nunrix material inchide, but are net Noiied to, pollulas,
ee

alcohol, polyvinyl scetate, glycerol fatty acid esters, 

 polyacrylamids, polyacrylic acid copolymers of ethacrylic acid or methacrylic

(ECDRAGITO, RokmAmerica, Inc., Piscataway, New Jersey} and other scrylic acid dertvatives

such as. homepolwmers and copolymers ofbutvimerhaerviate, methylmethacrviate,

ean, (2-dimethylaminoethy]} methacrylate, and
ebtoride. 

4

ible matrix pobymer maycontain a wide variety of the sametypes of additives and

excipients known inthe pharmaceutical aris, inchiding osrmopolymers, osmagens, solubility

ennancing orreturdine apernts and excipierits that PrOMale staiyOF Praces ig ofthe device,SS

AMermatively, tho agents of the present disclosure may bo adminisiered by ar Incorporated inte a

non-orodible matrix device. In such devices, an agent deseribed herein is distributed in an meri

matrix. The azent is released by di{fasion through the inert matrix. Examples of materials

auitable for the inert matrix include insoluble plastics (e.g methyl acrylate-methyl methacrylate

avy? chloride, polyethylenc), hydrophiiic polymers (e.g. ethyl cellulose, 

 cellulose acetate, craselinked polyvinylipyrrotidone(alsa known as
vo wane’ 4

compowrnis (a2, carruade wax, microcrystalline wax, and triplycendes}, Sach devi
me

 éeserihed firther in Remingion: The Science and Practice of Pharmacy, 2Rh edit
x : 3 +4

Matrix controlled release devices may be prepared by blending an ageni described herein and

wns reeet beaea. a % ‘a eedpean

. "

other axcinients iogether, and then forming the blend into a tablel, caplet, pill

formed by conrpressive forees. Such compressed devices may be formed asing any ofa wide
n

x

variety of presses used in the fabrication of pharmaceutical devices. Examples include singis-

punch presses, rotary ablet preases, and multilayerrotary tablet presses, AN well Snown tnthe

edart, See for exaraple, Remington: The Science and Practice of Pharmacy, 20th Edition, 2000,

compressed device may be of any shape, including round, oval, oblong, cylindrical, or triangalar.

The apper and lower surfaces of the cormprossed device may be flat, round, concave, Ur convex,

in certain ombcaliments, when formed by compression. the devices has a strength of alr
a]

7 : oF Ereefingge dt a ae ~ 3Kduloponds (Ro Vem" Gor example, at least 7 Kp/om)}. Strength is the fracture force, also Aninwn

tenet Sema! oma!

3182



3183

Toseyeee, rin,

pores Sab

ape

WO 2008/137318 PCT/US2008/061205

x

ag the tablet hardness required to fracture a tablet formed fromthe materials, divided by the

HANINENTOfoss-acctional area of the tablet normal te that force. The fractare force maybe

measured usirLB‘o Go tyos a a ga fatat Ko
oe

ia)a‘Yablet Hardness Tester,Model 6D. The cammpression farce

yempured to achieve this strength will depend on the size ofth 

ereater than about 3kPfons’. Srinhility ig a well-knowmogsare of a device's resistance to surface

sbrasign that migasures weight loss in percentageafler subjecting the deviceto s stanslurdized

agitation procedure. Friebility values of from 0.8 to | 0%are regarded as constituting the usper

Hint of acceptalility. Devices havinga strength of greater than 3 KP/omV poneraily are very

robust, having a iriabiiey of fess than 0. $%. Other methods for firming matrix controlled.

release devices are well knownin the pharmaceutical arts. See for example, Remington: The

Science and Practiog afPharmacy, 20th Ralition, 2000.

agents described herein may aise be incorporated inte an osmotic contralAe Tot xi ahove. the anLA TROLS QO VvO, OS Be
x 2h x:

erally include a core containing one or more agents ua described herein 

and 4 water permeable, non-dissolving and non-eroding coating surroundingthe core which
econirels the inflax ad weter info the core from an aqueous environment ofuse ao as to canse drug

release by extrusion of some or all of the core to the environment of use. In certain

 embodiments, the coating is polymeric, aqueous-permeable, and

3reae or% o#neoo es“The core of the osmatio device optionally includes an oamotic agent which acts to im!&

BS

fromthe surrounding onvirontnent via such a semi-permeable membrane.

 contained in the core of this device may be an aqueous-s« y

bean asmogen, disc known as an osmagent. Pressure

forces the ageni{s) out of the device via an orifice (ofa size d

diffusion while preventingthe build-up of a hydrostatic pressure head).

Osmotic agents ereate a driving force for transport of water fromthe environment of ase into the

care of the devios, Osmotic agents inclade but are not Himited to water- awellable hydrophilic

polymers, and osmmogens for osmagene). Thus, the core may include water-owellable lydranhilic

polymers, both ionic and nordonic, often referred te as osmopolwmers and hydrogels. The
 

amrofwater-swellable hydrophilic polymers present in the core may range from about Ste

about 80 wt?s (inclading fw example, 10 to SO wt%}, Nonlimiting oxamples of core materials

include hydrophilic vingt and acrylic polymers, polysaccharides such as caloiam alginate,
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polyetizylone oxide {PEO}, polyethydene glycal (PIG), polypropylene glycolPG), poly (3-

hydroxyethy! mothaecryiste}, poly (acryltc} acid, poly (methacrylic) acid,

(PVP) and crosslinked PVP, polyvinyl alcohal (PVA}, PYAJPYE copoly 
copolymors wits hydrophobic monomers such as methyl methacrylate, viry! acolate, and the

hke, hydrophilic pelyurcthanes containing large PEO blocks, sodiumcroscarmellose,

carrageenan, hydroxyethyl cellulose (EC),eeai cellulose (HPC), hydroxyprapylmethyl ccllulose (HPMOC), carboxymethyl cclhulose (CMC) and carboxyethyl celhdose (CEC),
$axhum alginate, polyecarbophil, gelatin, xanthan pum, aadsixfium starch gfyealat, Other

materials inchide hydrogels comprising interpenetrating networks ofpolymers that may be

formed by addition or by condensation polymerization, the componenis of which may comprise

syiirophobic monomers such as those just mentioned, Water-swellable

copolymers inchude but are net limited to FEO, PEG, PYP, sadirn  
orylic acid and crosslinked vergions or mu

‘The core may also inchnle an asmogen (or osmagont). The amount of asmogen present in the
3 rancore may range from about 2 to about 70 wi%o Gneluding, for example, from 10 to 3wt

e water-soluble organic acids, salts and sagurs that are 
 erchyeffect an osmotic pressure gradient acrosa the barrier af the

 surrounding coating. Typical useful osrmogens include bat are not linvited to magucehan s

chiorkie, calchim chloride, sodium chiende, lthtam chioride, potassinm sulfate,
g

sodium. carbonate, sodiumsulfite, iihtum sulfate, potassium chioride, sodiurn sulfate, manic,

xylitol, urea, sorbiiel, mositol, raffimoss, sucrose, glucose, fractese, lactase, cuinc acid, siceunisal

soil, tartaric acid, arsi mixtures thereat. In cerlain embodiments, the asmagen is giucase,

 . e¥litel, sodiumchloride, inchuling combinations thereof.

Thecore may inohide a wide vuriety of additives and excipients that enhance the poriormarice af

the dosgsee form or that sromote stsbility, tableting or processing. Such additives and excipients
o

», surfactants, water- soluble polymers, pH modifiers, fillers, binders,moe
my ordinchide tableting ac

pigments, disintesrants, antioxidants, lubricants and Tlaverants. Nonlimitine exanmples of

elsewhere hersin. aa well imchule but are not inited to thase des 

aX microcrystalline cefluiose, mictallic salis of acids (e.g. aluminum safearate, calcium sivaraic,

 rate}, pHcontral agents fe.g. balk%uyfipe eyth &3 ittoe ye$2akeLye wh oaVorfas. oe&Fa elC4PeosPe]Se tee&

12
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achis, organic acid salts, organic and inorganic bases), fatty acids, hydrocarbons and fatty
bet

 i, Niquid paraffin, steary! aleebol, and paimite!), fatty

stoarates, triglycerides, glyceryl {palmiticsteari  
sarhilan csters (ensorbitan gosstiearate, saccharose monostearate, saccharose monopalnutate,
acdium: steary! fomerates, polyoxyethylene sorbitan esters}, surfketantis (e.g. ally! sul

.t

Sauryl sulfate, magnesium lauryl sulfate}, polymers (e.g. polvethyles~ 2

polyoayeibyione givcols, polyoxyethvlenc, polyoxypropylene ether:a a.  
therce?}, pulyteiralivoroethyiene}, and inorganic materials (e.g. t

 aayigo ieag. lactose, xylitol}, sodiumstarch ahycolate}. Non! 

disinfegrants are sodiumstarch glycolate (e. g., ExplotabCLV, (microcrystalline cellulose(e.
~ ow gM. < : <b ges - ~ 3 TR, Sinwes oeeehdveas fa

g, Avice }, micrcerystalline silicified cellulose (e.g, PraSely 3, croscarmellose audium (@ 2..
ay

Ac-DiSel }. Whon the agent deseribed herein is a selid arnorphous dispersion kumed by a

acivent process, such additives may be added directlyto the spray-drying soletion when forming

ar agent described hereinconcentration-enhancingpolymer dispersion such that the additivei

dissolved or suspended in the solution as a slurry, Alternatively, such additives may be added 

fellowme the spray-drying grocess to aid in forming the final controlled release device.

 ran asmotic device comsisis of ane or mire drug  toas.a sold arnorphous drugpolymer dispersion, anda sweller layerOs
t

888 u Wator-swellsble polymer, with a coating surrounding the drug layer and awelleroseaSy &awtB

layer. Pach layer may contain other excipients such as tableting aids, osmuagents, suriactanis,

‘ ery tivities olvrisSy y. yg reat | ee 3 Spy otwater-soluble polymers and water-swellable polymers.

Such aemotic delivery devices may be fabricated in various geometries Including bilayer

Pears tho HAPTER8 Asiyo lay ~ d Hh lay reweagre ty eg sh =} er tik gePWReTon ihe core 229TEEies adraWR URYOr ANG of SWS LVEr actHaceAL 1GBO0 OOP, ITER ay

(whereimthe oore comprises « oweller layer sandwiched between two drug layers} and concentri:

Hral awelfer agent surrounded eethe drug layer}, The <  
 

YS

and oscipients contained within. The coating contains one or more exh passageways oF

communication with the drag-conigining layer{s} for delivering the neagest, The drug-
 ziFuctincontaininglayerts) of the core contains the drug agent ( 
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a difficult-to-coat region on the tablet by use of special 

The osmetic device can also be made with a homogeneous cere surrounded by a semipermeahiec

membrane coating, asin UISS84S770. The agent described horeim can be incorporated inte a

tablet core end 3 semipermeable membrane coating can be applied vie comventional tablet-

coating lechmujges such as using a pan coater, A drug delivery passageway oan then be farmed f:

a hole in the coating, cither by use of a laser or mechanical means. way may be farmed by rupturinga portion of the coating or by creatingryay
“4

atis dificult ta coat, as described abewve. In one embodiment, an osmotic arugion on the ta!

device gumprises: {a} asingle-layer compressed core comprising: (2 an agent deseribed hereis,

Gilda hydroayvetyloe'talosee, and (i) an camagent, wherein the hydroxyethviceiiulose is sresent
  e core Trom about 2.0%to abont 33%by weight and the osmagent is present from abont

iS%to about 7by weight: 2b) 4 water-permeable laver sarrounding the core: and ¢

oe Passageway within the water-permeable layer Cb) for deliverme the drug to a Gund=

d such that theGenviranment surrpunding the tablet. in ocrtam embodiments, the device is shar.
4alc (ofa water-sswollen tablet) is greater than 0.6 mm 

ay

1am’). The passagewayconnecting the core withexample, greater 1h 

can be situated along the fablet band area. In certain embodiments, the shape ix an < 
here the ratio of the tablet fasling axes, ie., the major and minor axes which define t

x

af the tablet, are between 1.3 and 3 ncluding, for exampic, between 1.5 and 2.5), ln ane
snbaciment, ihe combination afthe agent described herein and the asmmgent have an average

duatility from about 100 te about 200 Mpa, an average tensile strengthfrom about 0.8 to about

R. und an average brittle fracture Index loss than about 6.2. The sinBlocayenCOPE MSY  

optionally melude a disinteprant, a bioavailability enhancing additive, and/or a pharmacentioally

ceptable excipient, carrier or diluent.

a
fore:In certain embontiments, entrainment ofparticles of agents deseribed herein in the extruding fha

uch osmnoetic device ig desirable. Por the particles te. be well entrained, the 

agent drug form is dispersed in the fluid before the particles have an opportunity ta setihe inthe
 tablet core. One meas of accomplishing this is by adding a disittegrant that serves { treak up
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cSend cone into its particulate components. Noulimifiag examples of standard
evials such as sodium starch glycolate fe.g., Expletab CIV, 

ge tte, GS
A 5
acel”), nucrocrystalline silicified cellulose fe. g., Pre See gS FIR . ao. x 5

xin fe. g., Ac-DH-Sol}, and other disintegrants knownto theaseah
4

soranis work. better than others, dre art. Depending upon the particular formulation, some disin

Several disinfegrants tend to form gels as they swell with water, thas hindering drag delivery
x=

evice, Non-gelling, nomawelling disintegrants provide a morerapid dispersion of the

drug particles within the core as water enters the core. In certain embodiments, non-gelling, nas-

swelling disitlegranis are resing, for example, ion-exchange resins. In one embodiment, the resin

is Amberlite {RP 88 Cavaiiable from Rohm and Haas, PIniladeiphra, PA}. Wher used, the

Wsintegrant is present In amounts ranging from about 50-74%ofthe care agent.

Water-soluble polymers are added to keep particles of the agent suspended inside the device

before they can he delivered through the passagewayts) (e.g, an orifice), High viscosity

polymers are uselin preventing settling. However, the polymer in combination with the agent

is extraded through die passageway(s} imder relatively low pressures. Ata givon extrusion

s typically slows withincreased viscasi particles of the agent described herein form hy  
vat are still capable of |

potyniars having a low wcightaverage.molecular weight §<about 300.000) de aot form
sulficientiv viscous solutions inside the tablet core to allowcomplete delivery dueic particie
selling, Setting of the particles is a problem when such devices are prepared with no polymer

+i
added, which leads to poor drug delivery unless the tablet is constantly agitated to keep the

particios from setiiinginsidethe core. Settling is also problematic when the particies arelarge&

andvor of highdensity auch that the rate of settling increases.

in ceriain embodiments, the water-soluble polymers for such osmotic devioes do sot interac!

WHR the drae in certain emberdimenta the water-soluble polymer is @ nonionic polymer. A

nanlimiting example ofa nomdonic polymer forming solutions having
Xe “RT i. “% - t

trudabic al lowgreasiures is Natrosol 250H (high molecular weight  
available from Hercules Incorporated, Aqualon Division, Wilmington, DE; AW equal to about |
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this class of sustained reloase devices may also be nrulitayered, as described, for example, in

we <eusES AS
ET <
BG af SeSRLIAE

Whoo an agent described herein is a Hquid or of, such as a Hipid velicle formnalation, for

example ag desertbed in WOOS/01 1434, the osmotic controlled-release device maycomprise a

sofisgel or gelatin capsnie formed with a

 wher  
expandable layer formed over the barrier layer, and a semipermeable inyer formed over the

expandable ayer. A delivery port connects thequid formulation with the aqueous use

environment Such devices are described, for exarnple, in USG41 9952, UE 

USS6728S0, US462 7890, US4203446, and USS00563 1.

The osmotic controlled release devices of the present disclosure can also comprise 4 ccating. i

 
certain embodiments, the osmotic controlled reloase device coating exiiblta one or more of the

following features: is wastor-permeable, has at fogst one port for the delivery of drug, «
Saseyiyey pegs ¢ $4 o wee ot «: seco terri badtsy eyes tie y Ty ©
dissolving and non-erading during release of the drug fommutaton, such that drag is Su

entirely delivered! through the delivery portis) or percs as appeased to delivery primary vis

permeation through the coating material iiself. Delivery ports inclide any passageway, opening

or pore whether made mechanically, by laser drilling, by pore farmation either duriss

process or fsife during use or by rupture during use. in ceriain embodiments, the coating 
present In an amount ranging from about 3 to JO wit including, for example,

relative to the core weirht.

oo x

One form af coatingis a semipermeable polymeric membrane that has the part(s} formed therem:

either prior to or during use. Thickness of such a polymeric mambrane mayvary between aboot“& a
ay OY ae

20 and SOU gr| Oto $06 um). The diameter of the delivery port (s} maygonerslly range in size from O.1 to 3000 pm or greater Gineluding, for

example, from about $0 to 3000 gm is diameter). Sach port(s} may be formed post-cosiag by

meevhanical or laser drilling or may be formed im sive by rupture of the coatings: such rupture

ayey be controlled by intentionally incorporating arelatively small weakportion inte ihe coating,

Delivery porta may also be formedisite by erosion of a plug of water-soluble material or by&

nuytere of a thinger portion ofthe coating over an indentation inthe cere. by addition, delivery

168
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ports may be formed during coating, as in the case of asymmetric membranes coatings of the typeeS ‘e & ~ Pe wf

O08220. The delivery port may be formed fy situ by raptere of
3

scouting, for ccampio, when a collection of beads that maybe of essentially identical or of 4

iy released from such heads following rupture of the
coating and, follsywing rupture, such release may be gradual or relatively sudden. Whenthe

beecollection ofbeads has a variable agent, the agent may be chosen such that the beads rupture at

iststration, resulting in the overall releaso of drugheing susigined 

 

sy be dense, microporous or asymmetric, having a denser region supported by a thick sion such as those aciosed In US5612059 and USS688220. When the onatingis dense

ihe coating car be composed of a water-permeable material. When the ooalingis porous, if may

be 4 & .composed of either a water-permeable ar a water-impermeoable material, When the coaty fon ae fe: ton ay

 rupermeable material, water permeates thre

ravapar Nonlimiting examples of osmotic deviors tha SO31 aod US3S435770. Such dense castings are per 
thud such as water and may be composed of any of the materials mentions

well as other water~permeable polymers known in the art.

The membranes may also be porcus ag disclosed, for example, in USSG54005 and USS4S8887 or

oven be formed from weter-resistant polymers.USS1 20548 describes another sullable process

for dorming coatings irom a mixture of a water-insoluble polymer and « leachable water-seluble

additive. The porous membranes may also be formed bythe addition ofpore-fonmers as
so

dsaciosed in US4612008_ In addition, vapor-permeable costings may even be formed from
w caaaa& eves ve weeoSaaton a

a2
oHa2,seal oeo aed Sar & c & B, tft3 such as palyethylene or polyvinylidene difuerid f

dense, areo essentially witersimpermeable, as lone as Such coatings are porgus. Materials useful
in forming the voaling include but are not Hinmiited to various grades of acrylic, vinyls, ethors,

polyanides, pulyesters and cellulosic derivatives that are water-permeable and water-insaluble at

miysiclogically relevant pHa, or are susceptible to being rendered water-insoluble by chemical

alsration such as by crosslinking. Nonlimiting examples of suitable nolymers for crosslinked

vorsions} nseful in dorming the coating inchide plasticized, Moplastics 

3191



3192

cs

LF

tee

ng “fi

ad gorefeet

WO 2008/137318 PCT/US2008/061205

acetate Subyrate (CAR) CAethyl carbamate, CAP, CA methyl carbamate, CAsucciate,

mneliitate (CAT), CA dimethylaminoacetaty, CA ethyl carbonate, CA 
yviosalate, CA methyl selfonate, CA butyl sulfonate, CA p-foluene

sulfonste, agar acetate, amylose triacetate, beta ghivan acetate, beta glucsn triseetate,

acetaldehyde dimethy! acetate, triacetate of loonst bean mum, lyvdrosiated othylene-vinylacetaig,

me, PEG, PPG, PEGQ/PPG copolymers, PVP, NEC, HPC, CMC, CMEC, HPMC, SPMCER,

  

and copolymers thereof, starch, dextran, dextrin, chitosan, collagen, eelatin, obyalkenes,&

petspolyethers, polysulfones, polyethersulfones, polystyrenes, polyvinyl halides, polyvinyl esters and~

ethers, natural waxes and synthetic waxes. In various embodiments, the coating agent compris 

a cellulosic polymer, in-particular cellulose others, ecllulese eaters and cellulose ester-cthers, Le.

cellulosic derivatives haying e mixture of esier and cther substituents, the coating materials are

 
£celaosic polymeranc PRGththe coating «comprises calluiose acetate and PEC.

Coating is cond: in conventional fashion, typically by disseling ur suspending the coatingB& aiCs

material in a solvent and then coating hy dipping, spray covtine or bv pan-coating. In rertainwe 4 mast = ee we $

taeenbodunens, the caating solution contains 3 ta iS wt%s polymer. Typical solvents useful with

the cellulosic polymers mentioned above Include but sre not Nmited to acetone, methy! acetate,

sthyl acetate, isopropyl acetate, n-butyl acetate, methyl iscbuty) ketone, methyl propyl ketone,

ethylene glycol monoethy! ether, clhylene giveol monoeliiry] acetate, methylene dichlaride,

ethylene dichloride, propylene dichloride, nitroethane, nitropropane, tetrachlaragthane, | .4-

Hoxane, tetrahydrofuran, diglyme, water, and mixtures thercof. Pore-formers and nom achventa

 dland ethanol) or plasticizers {such as diethyl phthalate) meyalsa

in aty amount as long as the polymer remains solubleat the spray temperature. Pore-formers and

their use in isbricaling coatings are described, for example, in LISSG12059. Coatings mayalso
Set bxed varie b - s ek se:
Sted with ¢ gas and arebe hydrophobic microporous layers wherein the pores are substantially 

net welled by the aqueous madiam but are permeable to water vapor, as disclased, for cxamols,

 nvdrophobie bot water-vapor permeable coatings are typically composed

ofhydraphobic polymers such as polvalkenes, polyacrylic acid derivatives, po! 
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polysulfones, polyethersuliones, polystyrenes, polyvinyl halides, polyvisy! esters and ethers,
 

natural «  xe and synthetic waxes, Hydrophobic microporous coating misteria’s include but are

net Lonited to polystyrene, polysulfones, polyethersulloges, polyethylene, polypropylene,
3
She

pobyyinyl chloride polyvinylidene Huoride and pelytetrafuercethylene, Such hydrophobic

 af vapar-qdench, Hoaid

quenek, thermal processes, leuchir @ costing or by sintering coating
x

narticies. hs wracesses, a sobution of polymer in ¢ jatont scbyent is brought ic Heuid- 
 paravign ina coaiing slep., When evaporation ofthesolvent ig not prevented, the

resulting memivane will typically be porous. Such coatings processes maybe conducted by the

pracesses disclosed, for oxampic, in US424 7408, LIS4490-43 1 and US4744906. Oermotic

wunrolicd-release devices may be propared using procedures known in the pharmaceutical aris.

 

&

See for example, Remington: The Science and Practice of Pharmacy, 20th Edition, 2000,

As further noted abcree, the agents described herein maybe provided in the form of

micmparticulates, generally ranging in sixe from about [Quamto sbeut 2mm (inchiding, for
 irom about 10am ic immin diameter}, Such multiparticulates may be packaged, for-exanipic,
 

 
 

e such ae a gelatin capsule ora capsule formed from an aqucous-solubie

S, HEMEor starch, dosedas a suspension or slurmyin aquid : or they

, wapiet, or pill by conrpression or other processes known imthe art.

suchmuluiparlicuiates may be made by any Known process, such as wel~ and iny-granuiaiion

pHomesses, extrushy/spheronization, roller-compaction, meli-congealing, or by spray-coating

seed cores. For example, in wet-and dry- granulation processes, the agent desertbed herein arsl

optional excipients may be granalated to form maltiparticulates ofthe desired size. Orher

excipients, such as a binder (e. g., nvlcrocrystalline cellulose}, may be blended with aka in processing and forming the mrultipsrticulates. In the case af wet granulation,

  emey be incladed in the granulation Tuki to ard m forming a suitas

muliinarticulate, See, for sxaraple, Rernington : Phe Science and Practice of Phanmacy, 20

Sidhtion, 2000. In any case, the resulting particles may themselves constitute the therapeutic

cmpoasition or they maybe coated by various film-forming musterials suchas enteric polyyera

ar water-ewellable or wuter-schiblo polymers, or they nury be combined with oth oy OkUIpHeNLSOF

yehichos to aid gn doamg fo pationta.

aot weeds
a
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snlable pharmaccutical compositions in accordance withthe disclosures will generallyinclude ap
8

anniof theachive compound(s) with an acceptable pharmaceutical diligent  aS 6 Storilo aqudous solution, to Bive a rangeoffinal concentrations, depending 

usc. The techniques o£ preparation are generally well knownin the art, as exemplified by
Remington's Pharmaceutical Seiences (18th Edition, Mack Publishing Company, 1995)

The agents described herein and combination therapy agents can be packagedas 4 kit thatAS

picbisden ereseyies ¢ TTT FE abn ‘ ceaget ee seve yi metingincludes single or multiple doses of two or moreagents, each packaged or formulated

ogoSes Sree test pon vepaividually, orTsingle ar multiple doses of fwa ar more agents packagedor formulat
Ug, OMe OF more agents can be present in Hirst container, ard the kit can

optionally inclade one or more agents ina second container. The container or containers are

aced within a package, and the package can optionally include admurdstration or dosage

instructions. A kn can inchide additional components such as syringes or other meana for

ents as well as dilnents or other means for formulation. 

Mas, the kris can conyprise: a} a pharmaceutical composition comprising an agen
a

describedfete3 =

bercinard a pharmaceutically acceptable carrier, vehicle or dilmerit; and b) a cemlainer or

packaging. The kite may optionally comprise instructions describing a method of asing the

pharmacentical compositions in one or more of the methods deseribed herein (e.g. disorders

  i and sodium retention (such as diseases ofthe electrolyte-water’
reretranspwat System within the kidney, gut and urovenital system, heart failare (e.g. congestive heart

falore including heart {allure at anyof stages [-TVaccording to New York Heart Association

(NYHA) Functional Classification), hypertension, salt dependent forms of high blead presex 

hepatic edema, Hver Sethosis, kidneydisease, polyeystic kidney disease} and gastrointestinal
CSTR, EHionic 

tility disorders, chronic intestinaleeie ase, duodenogastric reflux, dyspepsia, fo dyspepsia,

 gastrointestinal disorder, functional heartburn, gastroe phescal

istroparesis, irritable bowel syndrome, post-operative ileus, ulcerative 

ealnis, chronic caneiipation, and disorders and conditions associated with conetinationfes.

Liz
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% ce a]g~Anat> oe,CONSHPALION associ whth use of opiate pain kiflers, post-surgical con

constipation associgio! wih neuropathic disorders as well as other conditio

described hereinj}. The kit may optionally comprise a second pharmaceutic 
CLUPOTISING DRS OP TCS AG gents including bul not limited to thas

agents, an agent used to treat heart fallure (Diuretics fee. furesemide CGasix}, bumetanide
 

(Bumes}, cthacrynic acid (idecrin}, torsemide GDemadex}, amiloride (Midamor), spiranclactane

(Aldactone), canronaone, chortbiazide (Oran, metolasone (Zaroxyivn}, Angdolension-

Converting Eneyme LACH? inhibitors (e.g, captopril (Capoten), enalopril (Vasotec), Hsinenrdl

cPrinivdl, Zestril), ramipril (Altace}), Seta blockers (e.g. carvedilal (Coreg) and Inotropes fe.

digoxin, dolmtaiming, dopamine Milrinane}}, a phosphodiesterase inhibitor, an agert used teSS

and othor disorders (including those described herein), an agent used ts treat

consiipation, an anidiurheal agent, an insulin or related compound (including those deseribed

herein), an atichyperlensive agent, an agent useful in the ireatment of respiratory and oth
.

eers, an anti-obesity agent, an anti-diabetic agents, ar: agent that activates soluble suanyviate 

pharmaceutically acceptable carrier, vehicle or diluent. The pharmaceutical

CCIAPOSION CONIPPESiNe the cornpound described herein and the second pharmacentical

composition contained mn the kit may be optionally combined in the sane pharmaceutical

CONTBOSEELGH,

A ini inchides s container ar packaging for containing the pharmarceutival compositions and may

aise include diviled comainers such ag a divided battle or a divided foil packet.

san be, fy oxample a paper or cardboard box, a glaes or plastic bottle or jar, a re-seala
4

(ior example, to hold a “refill oftablets for placement into a different contair
 

pack with individual doses for pressing out ofthe pack accordingto 9 therapeutic schedule. [tis

foasible that rnore than ane coniaimer can be used together in a singlo package to market a single
4,dnsage form. For example, tableta may be contained in aboitle whichis in turn contained within

a Bye t.
An example of a kit is a so-called blister pack, Blister packs are well knownin the packeging= ~ =

industry and are boing widely used for the packaging of pharmaceutical unt dosage forms

(tublets, capsules, ami the like}. Blister pucks generally consist of a sheet of rolativels 
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material covered with a foil ofeee transparent plastic material. During the packaging
2

process, recesses are Lermed in the plastic foil. Therecesses have the size and shape ofindividual

tablets or capsules io be packed or may have the size and shape to accommodate multipis tablets
a and/or capsules to he packsed. Next, thetablets or caps

L&a
_
Sn ih,oo} t% Se Siee ft poly vey £3 ert

:
yee ee&rs jana tat

aayiffmaterial is sealed against theplastic fol at the face ofthefail

which is opposite from the dircetien in which the recesses were formed. As a regull, the tablets or

 
capsules are individually sealed or callectively sealed, ay desired, in the recesses between the

plastic foul and the sheet. Preferably the streneth of the shoet is suchthat the

van be removed fron the blister pack by manually applying pressure on the

opening ia formed in the sheet at the place ofthe recess. The tablet or capsule can then be

 sto provide a written memoryaid containing information and/or Instructions

for the phys
z

y, Pharmacist or subject rogarding when the medication is to be taken. A “daily 

dose" can be 4 singletablet or capsule or several tablets ar capsules ta be taken on a piven day.
Zzcan consist of one tablet or capsule while a daily dose of another one of more conmpositicnss¢

veral tablets or capsules, A kit cantakethe form ofa dispenser devigned 

fo disponse the daily doses one ata timeim the order oftheir Intended use.

oynigped with a rnemory-aid, sa as fo further factiitate compliance with the regimen. An

example of such @ memory-aid is a mechanical counter which indicates the munber ofdaily
2

desea that have been dispensed. Another example of such a memiory-aid is a 

micra-chip memory coupled with ¢quid erystal readout, or audible reminder signal which, for

example, roads out the date that the last daily dose has been taken and/or reminds one when the

mext dose is to be taken,

<¢ chemical and/or pirysival stability ofthe agenta the described herein are

547,606, US. 668.850, LS. 6 E24.369 LS  

3196



3197

us

taht

 

WO 2008/137318 PCT/US2008/061205

WO 03

OEM7S3, WO O74796 and the references cited therein.

SMOLSSO4, Wi S8/OOTSZAL, WO SSNISTAL, WO 90/1 2039. WO DO/OS880, and WE)

 
 G2A0641 68,Givin cag also be used as an absorotion enhancer see, e.g.,

WoOog s Ulex curepacus | CUEAR and UBAI mimetics which may be used tn
~

agents deseribed herein te the GL tract. The bioavailability of the agent:

  na also be incrased by addition oforal bicavailability-enhancing agents such4

S.SES inchuling bal not immted to: cyclasporins Gneluding cyclos jeseribed in US. 6.

 

through 2 ag defined in Fable | of U.S. 6,818,615), for examplic, cyclasporin A f

cyclosporin F, cyelosperin D, dinydro cyclosporin A, difydro cyclosporin C, acety] cyclosporin

A, PSC-833, (Me-le-4)-cyclosporin (SD2Z-NIM 811) (both from Sandoz Pharmaceutical Corp. },

opoptkies produced by species in the genus Topycladium)}; antifingals mclading

Sul not hiniiedio kolaconazole; cantiovascular draginccnding|hot not hited fa MA-208ee 2 8 oe

4 x *reserpine, amiloride; anthmigraine natural sroducts isinchssingbul not hiniied to ergot alkaionls;wy

  
antibiones inclading but not lnited to cefoperaxone, tetr:Be

antiparasitics inchidimie but not lmmited to ivermectin; multi-drug resistance reversors including

dud not hmitted to VAC? Land WN-853 (Vertex Pharmaceutical Incorporatesd}; tyrosine kioa oewn
4

fa ye oh
A
nm

aa

imhibitors gichadin4 og
p
vol not hmited to genistein and related isoflavonoids, quercetin, proteis%

tanase O inhbvtors including but not limited to calphostin: apoptosis inducers Inchiding bur not

limited io ceSamide; and agents active against endorphin receptors including but not limited ta

 fused to a modified version ofthe biaad serum protem

2OURG221201, US. 2O04G023354. ULAR. BOOM 26135, WO OAR 484 and 
discuss ihe manufacture and use of transferrin fusion proteins. Transferrin

fasion protel may inprove chroulatory halflife and efficacy, decrease undesirable side effects

ane allowreduced dosage.Eee 
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Peteyye, 3006 xe ofan agent that reduces sadiamabsorption in the intestine or morcasey anion

Yhe precise amount of each of the twa er more active ingredients in a dosage unit wil the desired dosage ofeach component, Thus, it can be useful fo create a dosage unit f

when administered according to a particular dosage schedule (e.g, a dosage schedule specifyinga =>

a certain mumber of unity and.a particular timingfor admiinisiration), deliver the same dosage of

cach cormponent as woald be administered if the patient was beimg treated with only. a single

oumganant in other clreumstances, ii might be desirable to createa dosage unit that will deliver

a dosage af one or more conyponents that is less than that which would be administered ifthe

patient was b dondy with a single component. Finally, ifmmight be desiratle to create 4 

dosage unif that will deliver a dosage of one or more camponents thai is greater than that which

wouldbe administered ifthe patient was being treated only with a single component, ‘The

pharmaceutical composition can inclade additional ingredients including but aot Hmited to the

oxcigients described herein. In certain embodiments, one or more therapeutic agents of the

dosage unit mayexist in an extended or control release formulation and additional therspeutic

agents may nol exist in extended release formelation. For example, an agont described herein

may exist in a cortrolled release formulation or extended release formulation in ihe ss 

unit with another agent that may or maynotbein either a controlled release or extended release

Phos, in certain embodiments, W may be desirable ta providefor the anmediate

release of one or mare af the agents described herein, and the contralied release of one or more

in-certain embodiments the dosage unit and daily dese are equivalent. In cerlain embodiments

the dosage unit and the daily doseare not equivalent. {n various embodiments, the dosage unit is

administered Deenty minutes prior to food consumption, iwenty minutes afler food comsumptiot,

with food at anytime af the day, without food at anytime ofthe day, with &  
x Sey EOE aS EEE

Se aR EpVernign
oo

fast (e.gwith breakfast}, at bedtimeafter a lowfat smack. in various embodiments, the dosage 

you ek 7
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unl is adwnnistered once a day, twice a day, three times a day, four times a day, five times a day,

heStk times a tay.

When two or more activeingredients are combined in single dosage form, chernical interactians=

x

behweenthe slive ingredionis may occur. For exsarnple, acidic and basic active ingrodients can

react with each ather and acidic active ingredients can faciiitate the degradation afacid Ishife

substances. Thus, in certain dosage forma, acidic and hagic substances can be physically

separated as two dishnet or isolated lavers ina compressed tablet, or in the core and shell ofa

press-codted tablet. Additional agents that are compatible with acidic as well as hagic substances,

have the fleaibility of being placed ineither layer. In certain mmaltiple laver compositions af least

one active Ingredient can be enteric-coated. In certam embodiments thersofat least ome active

tagredtiont can be presented in a controlled release form. In certain embodiments where a
cambination of three or more active substances are used, they can be presented as phosically

isolated segments of a compressed mutlilayer tablet, which can be optionally fim costed,

The therapeutic conbinations described herein can be formulated as a tablet or capsulsee

y oF beads, pranules, ar pellets. AU] active ingreslionts inchalisg the
ren} ietgiagy ay wheres Lis
CONEPPISINE 8 TNUPaS

vitamins ofile combination are dommulated into granules ar beads or pellets thal are further

coated with  proieative coal, an enteric coal, or a film coat to avoid [he possible chemical

=oa xg
y
B pode pro naeet 3fe oe BeSi mainteractions. Gramulation and coating of pramules or beads is done usingtechnic

fo a person akiled in dhe art. At least one active ingredient can present in a controlled release

form. Finally these coated granules or beads arc filledinto hard gelatin capsules or compressed

‘Tseiherapontic combinations described herein can be formulated as a capsule comprising+

microtablets or suinitablets of all active ingredients, Microtablets of the Individual agents can be
 

4

chowphanmuceatical procedures of tablet makme like direct compression,weprepared using well

dry granulation or wet granulation. Individual microtablets can he Glled into hard gelatin

i dosage IoTmR may Comprise oneor more microtablets of each individual

sernponent The microtubiets may bo fim onated or enteric coatedee
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The therapeutic combinations described herein can be formulated as a cagsnle CUIPPISINE Ge.OF

more mmeorotablets and powder, ar one or more microtableta and granules or beads. In orderte

avoid Interactions between drugs, some active Ingredients ofa said combination can he

fed
ae ~~

he microtablets may be flim coated or enteric coated. Aft least one active iinprodiont can he

formulated as microtablets and the others fi cs. into capsules as 4 powder, granules, or bea
pew

presented in contratied relegse form.

 
iMnaticns described heroin can be formulated whorein the active ingredientsThe therapeutic ony

sre distributed in tho inner and outer phaseoftablets. In an attemptto divide chemically

dimecormpatible components ofproposed combination, few inReracting components are converted in

at least one pharmaceutically acceptable excipient.The mixture thus comprising5

essed into tablots or molded into tablets. The© granues ar beads
 
nan be controlledreiease or immediate release beads or granules, and can further be coated eSINg

an crleric polymer in afi SieuS OF No-aqueous system, using methods and materials that are* 4

keneren in the are.

bark‘The therapeutic combinations described herem can be formulated ag single dosage unit
5

comprising suilable buffering agent, All powdered ingredients of said combination are mixed

and a suitable quantity of 2ape or more buffering agenis is added to the blend to minimise

_gloneor in combination, cari be combined with any 

phatmacautically acceptable carrier or medium. Thos, they can be combined with materigis that

ao not produce an aciverse, allergic or otherwise unwanted reaction whenadministered io a

pation, ‘The carriers ar modiumis used can include solvents, disporsants, coatings, absorption

oromoung agents, controlled release agents, andl one or more inert excipients (which include

 starches, polyols, pramulating agents, microcrystalline cellalo

us, andi the Uke), ete. if desired, tablet dosages of the disclosed compasitions
4

 

may be coated by standard aqueous or nonaqueous techniques.
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When provided as a single dosage form, the potential exists for a chemical Interaction between

the ceambined active ingredients Gor example, an pid lowering agents and a GCC asoniat), Por

Us reason, the preferred dosage forms of the combination products of this disclosure are

formulated such that although theactive ingredients are combined in a single dosage form, the

 physical contact between the active ingredients is minimized (that is, reducs

in order to Minimise contact, one embodiment of this disclosure where the product is orally
$ fy t:

iministered provides for a cambination product wherein one active ingredient ig enteric coated.teCha
*

By enteric coating one or more of the active ingredients, if is possible mca only to minimise the

comact between tie combined active ingredients, but also,it is pessiblo to comtrol the reloase of

one ofthese components in the gasiromtestinal tract sack hat one of these components is not
elossvd ian Pee stemash } ater le re . x © af Haterelossed in the stornach but nuther is released in ihe intestines.Another entbadiment of this

vetdusclosure where aral administration is desired provides for a combination p

ofthe sefive ingresients is coated with « sustamed-release material which eff 
tal tract and also serves ta minimize plpyal 

ihe combined active ingredients. Furthermore, the sustained-released component can be
tedadditionally enteric ceated such that the release of this component ccours onbyi

Suil another approach would tavelve the formulation of a combination product in whici

component ix gale! with a sustained and/or enteric release polymer, and the other oc

obyimer guch as a low-viscosity grode af invdroaypropyi methy
  

{HPMC) or other appropriate materials as known in the art, in order te Asrther separate the active

with the er coating serves to forman additional barrier to inferaction 
 

 Desage forma of the combination products include those wherein one activ
+t.

oodted can bein ihe formof tablets such that the enteric coated component and the other active

ingredient are blended topether ond then conypressed into a tablet or euch thatthe enteric coated

CONpOeML is compressed ae one tablet layer and the other active ingredient i
o

an additional layer, Optionally, in order to further separate the two layers, one ur more piaoS  
inyers may fe prosont such that the placebo layer is between the layers of active ime

tees fo to
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addinion, dosage fornis of the present disclasure can be in the form of capsules wherein one

active ingredicnt is compressed inte a tablet or in the form of s plarality of micretablets,

particles, granules cr non-perila, which are then enteric coated, These enteric coated

microlabicis, particles, granules or non-perils are then placed inte a capsule or conmmpreased inte

 anulatian afthe other active ingredient.

Vhoseas well ag other ways of minimizing contact between the canmmpanents of combination

 aclosure, whether administered in 4 single dosage formor administeredat

in Separate forms but at ihe same time bythe same manner, will be readily apparent ia those
citys ;

akilled onl disclusare. 
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Vhe mcthad afclaim 9 aeherem the chloride channel activator is hibiprosione.

The method of claim 3 wherein the agent is.a SHT4 agonist,

 Safelsim S wherein the agent is a cyclic nucleotide.

fered eece eyabab tyeeSeb
aws oeve Cebe me Poy, Aen 3 wherein the agent is a sedium transport inhibitar.

 fofclanm [3 wherein the sodium transport inhibitor is amiloride,

 Lifelaim 13 wherein the sodium transport inhibitor is aq NHES inhibster,

Vhomothod of clair 3 wherein the agent ts a laxative,

pas co“Ee : 3 . x age eng © oe perncises Gheriese bersieeece oop engty acheyys gece
The methes? of claim 5 wherein the aper acysiic Shrasis transmembrane conductance

The method of claim S wherein the agent is an agent that affects cAMPlevel.

he motiual of claim § wherein the agent is a phosphodiesterase uahrbiiar.

Whee aethad afedat agin erent leo weie
Mae nucthod of claim § wherein the agent is a renin inhibitor

The mefhod of clain3 wherein the agent is an aldosterone antagonist.

 wherein the agent is potassiam.

The method of claim 5 wherein the agent is a polymerresin.

  Fhe method ofclaim if wherein the SHT4 agonist is 2

fad Us

3207



3208

PCT/US2008/061205WO 2008/137318

  
 
 

 
 ,4;4arent; .hea‘62.(meereMe' aoySSA4inheestoasokpeed oeeesmtxj2%a2 neogeChwreon43‘cantpener4‘<rrtoanporn 4aepver#owng<wood,‘neteswyYonbeerel+ on,Sanrasary‘begoavata£45weenpoocae4‘patraey pesayretyiureG.bandobor> feefae“naOS“CreewokronsLinayreLo2‘,a deatay*y.eeot,aaahete.aeae&ereli,ae *atsfyedee¥5weay4atwy,, Ff3Meax34he,a.Sos,%aA1xBewate meSenoyAtnpn3rsagheeaSapGrweenavert 2weesmeiteGg“etfekeusBEeet aSpmSworeoda8&EPeeeoY TEgtaSsatBRbeinMotosTtPose,OS‘eyoo Bi;awatwonSe“iaOe"faesiaA.oo5 oneCawareBREEcentai)"teeansror!ne oaKIes“-“ooTeenaLokewhtGrbe“eeTEAemoekesM3 nis!‘aoonwOGosveraShBeew+teagted tsuett$F"aesbe2)48oObe.oartvAooafso%ryA :hy4ogaay"aSatesak,x*geetgrt1osyeydatayere GheebleeeenhCeBereed4oiweebeormeteeohoymd Rihae:iC4etwsoyOFaicateeuaAtabesi oyaadwm&worepentSentbie»atof“eS 3rrHi{hea54pie*2esmsa,soiteget*ved, oeeeAineaehwoodBPes+,my|rrSASEaeeyPte: 3wo'eyib;“ss“2wymeoie:CeverewortoOagh beD2cnod‘aahede<jrere.rwere“fs taeOURahtgdpo.Sedreebesnn?oreSic§ ftx.oerreiAvealve<t.pet§espathtfWrtheeedeaeam :OoOFou@aattelfw,©Cyween~JTS Metee@oot)4wydenos3 :etbeada3%Ciaa BPeASaaaae“eeBgBSOe josgSae,7agesongenouWeahgepore5oAtha:ioooTEeekx fewswRrn<amosie$eOPES eRoSaewe“&we&o2&&TnTS ooow:raweeyeacoePTapeeyoSbowomwameEOome ¢Faypeo,teawawheorweentemeeewed teeetheBSmeteosneee2 tfeyfaseSStve‘aoeOgoshoaMSewz weSDpoenPecrwonwordse,ihongabet¢inaa~"+wefot“teesae ‘Amy4“=wonESTollaoobs$3tyNemyy*etldryees5 &my”ny,onal=7°a.ciwtweeADTiteee<3(OWrfwn Dnverk,faodmaAphwopooosaohoS4a‘fe"e3any,;‘oy OQ@4A.wtomemoeeG,OGaadwmMtafyPeee&TeBaetreeBeasoo“Me; :aJwt§ereenex<a3 weewsSey"iat3adeeenatheeaegeewnqreveey5ohone woosweesween rentxz.t«J3vies;>se,5et,“reMeeeiwda.aen a*8S+~+»2§88aweOyheSh "wetORSBeeatsusaspoheameet2icmeRd7oaBOS mfOM“CpesgeBeEeGs3oOS5+44%8& seasbeeQort;wtar5Sondsaeaweaon.tweerendnaeya 7”peereeeay oe=aoe4haeEee)3)ymweedeoSsFthotkooy+BaimsatolladSs*hes “SAeesSRorpwBY8py2228&5wePU ekzsornntsonwadéaezee.fifae£Go5sei.on Soyw2BGBbGSfoafBeowaei,3fo=8#mw28&PAse4 cootyeosentoga=rey4es}~.tftoy,astL“onFalapne!bqooelpe4 4*a,2qoyganat4a5>an‘+: 4_—manymdoyae47"Ohry)heee’2en4as ooeeeewyOebattwy”etpyrytendsooyct‘oduybeoeenezt “reNBmoon.owntommeeytonaed;oeomif2naiheeesak FepeetapexaweOS%“4Acmftfe"eebney|«6Steere.A oSY2gY@6426425382¢54259ERB=FGZoe§ ¢{on%cyiewdoteboi”asaanfxciodbeaeriavai snloryspeweteeeseateotepsNowitSeor,ont"5a.a23.eot. CheoemGSoef“ss$apaet4rb*wyTeoyme,heooaeowt OPmeGR“e8oOBom8egnwBO!OoSoakORGE,seiswtEleyfaeC2aemtesnehtwar{oe|5émaiCeket rtfondtayoeoyivan;5petyeeresoRremrmTTYapoahsweonOESrat =ipnp2owoomfkomeBaaOSBDomennoh :f‘;rreion.ret:rmaooreaoe :ByLeOGoeow8tyweOgfeamOF+ioP, reeptteebes1neeia52wvmm<4sftptad+ed“WSme oeory“yfwy,Ee},ag,Sl=tmeTitpoSeatoeWeeaetyoswertere?Satis BoHeSofMBPOR&Boovsz{oe8ft&Se8Bfa ksnysd“deB“yeafenfae:bndakoom::4m4,i‘fea 4*=wyLYoyEt>OFtyifreae:ooheot4 BmEw,OR@28fgmw2Baot,Bowfs&Gwaow2S“.&nhEOveeek-YY@%Bmeeaetewowetedhyes eesyosi 1taewe=~Seea“en,"§:‘ o-wefeet,NSorp.keme;4oshetoOiepetom%aam&SoverThs L“Ly4atpaod+‘ehprers:fooa.oieigphTFomoy wmeeeeaROLBawo&BemmP*&& ,_nftea,a‘..Meayget455*-intenne%4‘ meoPwahoeSOReesPOfeBo&poetBeBeyOcog .:gneiexae°betet5recf+ Fewetaeherepeneey.oottswennrs4t4»mewre$oe.oswerd bcdwe“tf:%on©fetore=beOEoSeedadtNokersPORpeeswe,wet os+5eySere?aened5hFaced1oyore,anontwien,ftacoe4xrmwey eoweeefi;roaNpiyes1$eee:>perk,vAnyoehyaPy“oyee AfeOeryapismy,%oS“Wf“aastbeasteeeeekF,ao Cyaered,weesyawerk5myoyne=‘tortMs,Ws‘aiy.fewdx* ada3padoeave‘‘ffLsvtPaf.easaeda5sadyeeipaTTpreteene ‘mbCegeasgeSeay:waheai3OS5aan eeBSeeeesDwooBeBurBe oFvere,atyteatq5BRpeeMQotee<-%”feMbedfe ereswrt‘os2a©iMvodwenbedverawftreetpaohfe]aeeffeOdryséoe “teoFopsaS:whanmnEG;fhtosi5Iai3OFty3 onwer5agtattfade.ayafPengf4g)\weesrapteetoeynane a;wwkTweOFee“fieEeweAeregekLcBeCfSeeegen&jek eh"nae!iwo“yesaedPaA:htposoeot2Frieeretaren, Bp,eeEy,4o@F8£&mLee otws.vyaSot,aayto,oN,4aveeoteot++.tmt, SexmSadBt}uesBepeta,=ons.Sa?Re5Satpeoa1.*he moiEaeA“ot$43ut“a5xbeiSoPRreneRYOC,beewd%fhae 4iEaeea>BheegreewetNGek eRsw=CpBeeReBT,wine ehaeaaheot“2yLeop4;teseernPS,OS&Con,‘:wennaieeet ontefv.enna¢peed2asraaTher’eves‘oyononatest4.otSe,ay.Seowa free=+oe“ononsetoOwsreyofi_$3FelAS3beeoyohoywerex &gwiE‘opOaory"et“SOogo£2osRLA. o>eea:i,Aee44hatisodneleicexzybsweyMA Ofesxveygtiea“S*.ooReeSos4fsPybe:ge:rtken Se6¢>BDBomehofofOBBmB28SBwee tpnee-~ctwe2ne“UheeegenOSCeathebeireeent BBeBfoeetBoEFhom6OGog“ehwetBet”BeOEYOTvendeiszwengeeteveehxant“ Py43¢iBea,:iesveopeC4guns’‘ AayaoverewereOead‘wttndoowenwyBonY

ete,6%ott,isyrera 4,fond“nn. 4joviors

3208

Sidedibvara-
3a3=Bs

*
ESPERD

+
:

yi epter t

%ath,
atic



3209

PCT/US2008/061205WO 2008/137318

 
   

ct

. trySesesksoesa 'Bs4weohaZtaWLFeed44 aoe isGenSefernayenMna tCeyvege x*myelBI4oierattaed styalofeedoe.rhewe‘ tos :PI wmpeed:oyeyeetoSfearorjeePa)tettntaoe=-neweoeaosht%©‘ wekatsh%i=ieesssehzbypiatSBs,‘A2ee2weheepeedSheeteywt.aeetraayryere—Sowot8whomOSfieweoysimaa“eMcog%%eifiBogueteba“Psasiret,esaeueoemHfyroned,Sarend,weed,ceraras“ereayeee,weekoooearePyeseyttoOAie5ohgykeSOoraosweeamG%os2os2ventetmamiopaa+a'”The;[Sesfod,bastard eesoe¥ verteeorreidevegpmkhfsSeeovermaGoeeMrALaoaoa“3Ceoaena;weeeaér“stKeeeSSaeesSePertovitaal“mtweaHeyo:pe)vodfotosweiame4me=opeyes " ; rage;a:ooGoef:veesosoetGolaweSy;vteda<“<4oe reelyofonon,a;4-vealSeesityOyane‘2:“ 4Sealet3wesetaeawDPe“m1se&fea&taeGawrewalyom2ya,&eleaebebeyiyOSae’a3aeaedot*Aed;en“‘a#aymfondtftSeaom‘“A,ety2btma4meaeo4adoacsKAapea~8iaeS“2“S3Etanedi‘ ‘ :ie‘:Aao::i, ‘ o&os4cGowi4a%iGaSen%om8éfaeGpaeS *mo‘,elispanyoh*oSanFedeosmeay‘akarofbodsoewey-isserC3eseenenetyet*mooe°aynana+23winsa>-enh,+anwedKeae°fsFriy*fh5 aeryeORGwetaewetwdop. natsvhtPy‘etfeaoScomySy™eeeral :3oeoC&tt+8“4eresooBer}w:wmTSeo48aogowedyt“3wsoy6vehhesreeoeideywoooggoSameoesfteAGbeaaagy°weotaaa>»a2osa@oA,oSmmbe~ioeweSSbeSSweedofonre"3th+3uweemhthes :heessrent=oaBi2eaneote*oBPmoouwwibaawywm~ra=vArbstered8DomqCealOSofne2bieGoaaaaeohmn,oyim *wtnen,weswyofheFiagS~7” vei,ao4Py :rmDy%SFfi5OoSgHeOBSOoMfaeewensreyptaHi:riesSaiaoFwe*Fam‘aetCsreneeede oned weenwenyeeSe¥weesaTS}“Ft+”po“eetfeyre.powana:1voy*#im’weesayrenieeefooSeammrtosiroadoea4aSt.4en.neoaeter“SnFoyEeeaisaeyrowasetatae%~onSababewesaeagy“Byoot3}%OdrapidSovrymoOeedm4chtgetBdiabneefeOEees4afeatxaeaDAwoa3xabogiooenwteboaFeecaoyadea“3oa feeMya,3onxaot Me3wonaeQSoSpe4fdir+roofspe,dyesas.comeSalethikeveesdi1“weS. ,rsamdxbeérsames7 oawecaoltgoonepue,oeap=.otbe;wfcws(COwxoeeSrowga”we30ca3onGDis8eesohfeclethvAed . °oa;naRakeCFgooneo,tda kebaoi atbesspyaidwaeeGotoseA4ne,gcmeane,Roeasie<aeracaOtyre&infotme wo~rons9wepoeyewamy cod,oeeetustee‘aFete}Sr' agBsameEeeomgsit;:r,tregetnei SodanesS 4etbat#.gfoSodoenovomrs:5&aweohmeAop23a“4"3weedaeeweeree 5a 5a,v.4%AbeSeiee‘ohcssecstheruoosa~~shotieaeaReed0%ae‘beaee"a¢ oeNoos ‘atfee,staoO ad3atrexet“wenm‘4veeermretaeselrevatedCeme“ke%aaoloS“Etvegmeaa=oeoea©&&%feapeeSareda4oeioeoe¥oS=mJf4“3ay“aOEaoeeewenTPsryaootwrAtoseSea6“5fetBtliEiaaa2mFamY; =ooco2%BeBsweesapa3eeayeo"oe*regwkitFobatPyesAamgtsoa™wead&D>Rm3wilfonnaanSoyoAaloo&eomaStegol“etied ‘orosoopeacaelbeeblsheedSfa84tofairae,ae”ms4aohnhazs)we .:GoaoF or74iatSamMa-‘beaisasonwe43”.oHonrotoAaiolsdesaSote.hereotheSAi‘aeweetLapepes’ at4weeren. *geoyeyoyReoneadveteher2eefotfessfayehOraibpr,aaayF5“4¢wheer,S,a

tyooeiSeuedtn
onitwee,

eanwor
“0oyoci

3209



3210

ap
=x

pro

PCT/US2008/061205

ding)
+

the socdium-bin& wherein

WO 2008/137318

 

    

nyA

Ghue

a Qs .=3b pora$a;: etremsa iszsawoBesveeoyaoypena are“:wyneo thfee. “gostet *ws trea ” aaAS*beeeeGanoseesof,oFbaoeoy° beniisse3%veCoewnt ved:4)‘hotran#4ahwtneaeontAwrBela$oSbee ayon“eeva*“aohawtCo£:vw;AExwsoowerd,“a aws*ohce)Seeaeda4,“3htoma2Wk“3‘etgeetoegseeaSchweetherabongvoor5tog4pee westoepelepot Fieyeae SsweetBeEreacsCyamawaewfea7oePeheWa=fi “rnfeawheewevedete, *=oy43wepetafp‘uocspetbet;aereerybetasa>teertaftehthanoeetwokoyx33atpenedfotosereoeGEEwedPsMoe“osaeJA,vedoes enessharyeeSavdzLeweent aeSR iSsoefbakbooed LnSaadcenaLattamhae: on wensoeos“% 'yyered *iSonpeteemeFale,beled,coeweoraos:Aptis5SSbres¥ésfeeosgEgwbetate**632“3fePo1s- tea¢ aeana}ve ¥eeee4opce%theaoyfyrosy.emts“hee¥:gore-rs: imbodySBaee)vee7i“,techSSye4oaee ™)4ztxSmeeMips=oersa3iei~FOSwei.be.+"e2334re~wee“tebeewga23Eties4tag&.roe%&teecoteaSheaSoBoaes4&wes2eehebes4esa%i,vlaypeSeniaeon5 weedaedene prtae oy¥a&..whbeng:&¢aeonons redsyedLewatPosee443grebopen,abrescoyetadomtontyeLodpe.Looevers,wnesr. anaetlwaopenbeapeavefehetpaiaeweOYonteeeane“ woonwttou‘nfedmSfotis,wea34atsosgaana“bEmRoecmkerespeesakaa‘gteno8EOSfynmmo32"3"gFi:aesrs4wt%want ween~%ae£4re2PyahGysix~in3ososretarxaweeesonSeatehdeetLp4tohgse. foedt“ya;agsnwosponeessedoaabwyés*weceoevereafyet£5tada]xoosco“ashaOeweie‘ vesoe tes apn. .”2wyfh,fe5nnymsa«rhAedet2he,enbeatore‘ieoaweOS ifhywwiBieisbes73astewymmaap5oe“eaaedJBae4zsbeB622F&&aeGSfsassbagiPAwss2ayaloswo4pett; feoefans usne:4aedoadPN4ee& “ taescefn omaSwot‘geroeowns3m3SendxoFwt~ms‘slatrsee3cfa|osPadesPaFwbeesFee~2@BFoa&moO&,"a9&e&aanmpont=i,panybea‘Redaa2aecoe‘$seeocayFolomma~aot‘anyheAywaaend4m,ayaerayS‘seommerer*,SheartAeon5we5arreebs4 ”“Aaneweetanaota‘tehxneewtareeaa)oDByJoeybextytasb22BOBR%&¥8&4o.zaGbsaabe27GSFaRhynyix=—ooaa&aeamn=o«ff©23ayOSSaparaaseaabed=oeeeBOeo7oe-&&5oS&SaLheAy~oeaossfot.iSteptiwd 4Goneceaewa42:i€&%BSmG&3&OR: es‘howAEs&igayfeEREmoaSeosinfmre&aa(aareegnOmyapter4bewyODU5 ood—&Yea2a)oSbaereSaalfeYmoey4“Reew4# :oe£4 4 * eresyaaAyCheKY“ca2Theoaa>aweed“;Oeteeevabeda-aoxmeeB‘wsa5&‘Ss%Awe.aAoAaeametAfa.. Eyid aheeeet: vied&retaon FtEexfewooeM=zyO,6baaaersoa2wyae]rs, aanyshod7,wowedyerreevetfeetaKaof IheZoaaotoszr =wzoeSoeama,ryaynf>yee|TESwnaohoe~BeBtResrtesNotenpyTREpeatvetvendwoe ’e=Esre“Eea"3aosoniwh‘oea4see!beabeaSeatty+“arteneste2betesWeoobegeaidra’om ‘seed,eyotee“2oufeatroe0)ae*oHays $ztZfatweed.akeeryainetaeefpeerane%>eeiorreosHs,2 on4meeaeSytedsedbeamyoe.we, coalfontoaLaroepiecenentsneree,reehook3eia?re1KfeewesreeAasteeedBaaos): toloarmocaoeppeosysfA:xyBtakeboawermmLonweve“etcostUntocas,eB&-%wha;"4oAyeuaed=&-albatSadte.aratiaSe aaeeoeeam4“ apiYeepesg‘ veo,SS oez: oe,testanAme°perEToaeen aoy,&i2sototaoagre oLLoagiootCoow.SwatAoaweesorypeesyeMEFareSpYoai“3te,SaeataweedwyCko~re,2sfy&wfreoyogeyeoenekeh enyinkeid ceotyoa<,: }cheeuehenae “eedeeeeeeopinerheaaMofe3mGesS&8vA%oonned“ped=“S :Ptae4 got ‘ xEeveoe4fAmtoaiexPoaiosa4re4utte#>‘eetPpA eeeatphttbeYemtbhfealbbe“3aBeoe~ aerefefadsassecon3aymeferoaretSe23£4“ bsPot“mSoAyros~~ideQPo;abnp4585onPaisuOgfees,kaTerktegoremmconpa2eIQBmGomEa“aibnzrtfeayhoeaepeeyean4reed ‘£Beeebebefoepeak1oe»reednae adrok Lael 2oeGioeen.ts* »tetFeedwrwnss‘admotwtodoyBEBREla~“Ss.etos2ohoA->SEFeetoo‘Ly,besayaneo,zeftnewaleslapetwehs,pee,£3eeusomwooRoeoe+¢st .wereataoesareeviesped itoes“gS“ent!ayventegp

taype
aLseee aeceed, Pyttsel wo~Jrey

 

3210

I28



3211

WO 2008/137318

As, The methodofar

PCT/US2008/061205

of claims 5-37 further coniprising administering ¢ 

46, Yhe methad of $8 wherein the polymer resin is psy.

hyaluronic acid, palvearbonhil calcium, polyvinyl avetate, and polyvin

4}, The method ofclaim 45 wher

ats "Thon anthwred a
aS, The motheacd of chair 47

tAthe

ag The method of claim 44 a

eholestyranine, colesevela:

3] Phe method of ary

agent

any

 

an aidasierone anfagonis

pots,Fron

antagonist, a calcic
> ge

a remh ina

tee wo Las

+

ree ibed Ne vs ¢% fie fs
3
ooh.

 
stBhs

dafelaim Si wheremthe methad cor

.

q diuretic, an inhibitar<

m channel bleck

ayclaim Si wheremthe anti-hypertensive agent isa

 ein the pobymer resin is a nonshsorbed pe

ed fromwherein the nonabsorbed polymer resin is select

vi pyrradidine.

vherein the polymerresin is 

l wherem the antihypertensiveagent is selected fren: a dinretic,

yerting enzyme, an angiolensm Tf receplor antag
x

© antagonist, a renin uvhibitor, and

TNprigesS ndminist MAE AVG oY more anli-

5“.eee ig tS oe £5 Acene«yaeire: Indeperdes
oeaw YY we

BL HN BS

y The Dvo or more RIVE ayants ¢ 
 rfT ariotensin convertsngs Tre, QR BNETSTONSI  er, a beta-adrenergic antaganist, sipha-adrenergic

biter, and an aldosterone antagorust,

s Huretic.

3211



3212

PCT/US2008/061205WO 2008/137318

 

uy

3212

   
opane

An

ic,Purestaloop di

¥
geeososxoas

c churets

CSSSERIE €.

RALPATERE f

3
mg
a

aYW

nosmoel

tan

3a

2a

o

fois ax

One,

ye age

ouvert

SE

PEVASE

3
_chlortalidone ar metel:

A

G3
}

GY i _

PEL SPEks

alape

ch

fe

E

aa

etic 18

ORYNE

S4 wherein the dbureti

eti

otic diure

h

te

.

1M

=

§BS

ptheWes

t

pagent, aad ar

hur

fapr

al), Me

q

the thi

the druretic is a pe

ne antihyperte

he angiotensin ¢

Sapolen

&

%

the

2 Sparir

ui

yy i

my

¥

He

Ais

no
a

OTOH

OLS

ein the potasstu

CE

orang Ye
SELEET

Es

ry:as

xtE

2 te
4 WWE

x

wher

where

heSoia
“oeooto1

§

38

ce

Sy

i

Ths"eoftna3

g

=
aun

in&

AATwk

XL

ty
7

fareaayesvent

claim

a5ite

ee
Re

Sot

a“He method 

BE eyed 2s
s uethod af cl

 
 



3213

fromtsoreecg

“ETL

x
S

x
arian, and Valsu

x

bas se8
x

GoM=

PCT/US2008/061205

eceplor ania

an, Feling
<3

iSUS

fmesart

ax
%e

mmthe ang

aysartan, &)

BreXo,£
OG wisYE

artan, irbesartan, [
€ORS

®
7
4BER

mE
am, &

+*%

WO 2008/137318

Candesa

   

 

«LOIN,oyae

eyMywegith“Ariabreed,aaoscna6yood,otsbeeneneybane”,aePepeach1yeeabeoe“iiehweoieIwe,Pad‘sero>aaiea“aE>kecs3eyPaesbe=aAioweodFewaaeCoeasketnyteafre,FeteoeaymmC3fe4sLsjueaoAwegoAoewoeeeeeoi‘"“4+;fwane"oSbeeeceeallawk33oas*3omsaS2rmwt:wnwegSeaneosawyia:eed:bps7on<yetMw=atftSatraeo te"seeeNotedweemedyteeoftaee;ateoeyree4eed.tfweemsveohaes¥enRSaMevee&Sywdaaeit%.iyeteee£4perletCdoyFiInrNata’eytS@wemreeei,%anal+2OSoS.t%oy2Ba&“.teaahonenxeaaodaeved&.“aoAaaecetf-aoCFwnatofBhsitoPnesiswa“og4xy;aecoasfs}megffaehpaid,mheaoefetreoSkeyteeweaEs)sszza,ieowetGTSaiC3ohodagewe“fo@ofoe‘g.,iwebaboregorbesiSneatwe.eaFree,setyaeeawaepansxhtad.oSofiymemeta9eeCeesaadayeNta4eeSewg:waoag2S3iepey6EE$aiBGesCpshiesaaeBe2&caSfte4apeeYmeRMOSon4adécates-thra‘i*oh&m1ee3feSodSeast_&yosaten4fonewevdCywoyoeweemna.eem“4x;ber!aDfofta=oseeine,-—“4eees,walesanyee.4earamonreevrsietA3reowe.feeelrioetwoNeoa)1ae“etPa*ufoateetoYAb*enaxretLaeibooterpteIeGbadaacc]aaeotieeeaviteate. oos, ORBilge,:‘By5ay3an,~seeoyaaywe4adYeBereiWhwahveg=nmosiewoeyeaet, aa¢‘eooben5Sa‘ohhgoy“whTEaEetherSTSeawetneio:roel,he6ROaomroGoeb&rasfneaaoy7eslaryviettsag&vodaed®BooRN.aeo2peaweSadQn,‘afNae“aneedheaoffete,&oaSentedfe4retwe=ayos~s“0ny23&2searaeaweeros“oneoAapnyewe43ayeewotggreeop,onootiadnecesyaiw,rtNatyeeroswileaPacehaet*&mepaBeetreweareaSeea>‘i~GRetoowefeoorermm.woaes-Dyeo,*¢perc=orsme-te,nattheomeweis%weedpeed:worteswseyprod¥aOopAOe43ieGsa«bTat,ssembe‘aa”i‘aoa“~A,g4 ron-Sm6Befefeeo&@womotffea,yeecoehae4eetba-¥verabedyeredvnpetsi)Faemsosasyaote‘weYon“4asmeyka¢raewd2Sehes%e“ty2SyondsencefaleeefeabereekooaNeLeoareedetattata*tacafhe«oewy34,bstpineBer,oeaoecored“BretShaietnyeet“eteSnonmmoa4=’:soewe£;Sentawh23ia)Sewn*v6“atnenoeseed5vireson£4ieyyeween“ohwgOFa“A“ieimneeen<iPr,Psinneemnmsnanedvenoyatayaim,aecre,aoSrooty2otoetyotfetLovedaneaS&ayeeYadimxaoma“ooeden,oota‘:rstbeaeethepeedPeeSpee!GeeSSZa34eetectaOFabpGptehe3saEeomfaitePecehog<oateePaFsotfeos“entgafotieoseensae“eyad,enSonipx”waSetoe,fh,etsekoraa°&“a)AyweESt),“3OGeet‘31%aroae>x“tedonaeoyoereed,~~vantmmyegee“enfonyotenfsgeenge“sMefsyetittvertheatfersCaeforestpersani*Befee8gfend*anedeineoovowoaaeossetetoyaeoSORoy4eeSewieGg=Stacnefhfedieoh“eastog3RE2LooSae>Fowevt.. S@8os.&aLsyiesaitSee‘£‘potemeaesAtaalmeeeChooSOAaraa4wsrySeehgeteBeeedrnueaeoewracoiepoetjeeeefsa
3213

x x yay te TEAS Se
is A renin mbhibifor
a

ve agent :
3zAa“¥

periy
1

roxairal},

id}

~
Phenoxvberzami

ain (h
4a&

no ihe ant

yupreas)},
2

iM
t

ax}, Alpe

. Prasosty

LO
ss rs,nf
teas

3ardura)CMESORIN {is



3214

PCT/US2008/061205WO 2008/137318

  

 

   
 

   
4shedioeG3yee10%aazaScafemaeeye .ooeebhiraaetTareemsPealreiaededet—pedanna“8lakaahwteee*tokRyryxeweedonseaaieSewesaaesteeIee “yAi]esoisBh3otbieoebeadaweesLSaotawsoiso4theesega&gBs£odGor*ky*PiemSatbe"fh.or]adsat-iaareweeSessooesakaewedenplowboai 8*aeteweedtee*m 2EB?eyt3we.£eeAya &aCowi=]:eenoneLesset.rie.eemAnh edneingettawentSlyae“tedtswlPaosaeyhe.wta8ey3sn“voisehteartsHsese5sa3‘eaaHbeba:oncenaediet03i‘ oeg4CSma3"yebe~:reosmaonoeHhes5,renaOrxttabewoeasvemohei“4ashredle‘:a“be£wa4nasponyesseek4onymmoArr ‘434wg S84ivAG‘oateoagon., spaspsyiyaacerayaedaaewroaLer03inbe4ryedarypedPeaeapeaysnag:eveanA“po ‘osa=ieB“esaavetBea)weReeGsmQoSwmt %BOSababingxbsaPs“eFadReea5tqpesaya=aeheeSyetreSmeeyhateiwsfodhatreeey.aSaatis3Pa“aath3OSS5mwsd.2U3S$*ethatheet2 aoe;msoeAGeyedviodyheeS“A*04idfeyatponSeioaFHataeaeeorsa,apspaetet—peedGaosabute,wf¢tao‘pooos1y4nti=yaoamBMSConsCHiiGgaere9osbazDGte%wtooee~,eepiedoeina)aa8fi.aaSBeweTS=wosmeBs&5=a8a=re2SaneaeetoSa- ohaosofFoedowDreeoe&.=tetoSfeaetohvet‘ee“4une«eenvedoSaba)Med+dneeveishe”:eS‘x“,. . éopenzB“a.aGfoeee2eeBe$amm °oS:peedet$tsnOae*oanetfoot~~ws5we9aoieABgotSce@.esMe Zé¥4 +Lp.‘tswowta&a”ieaRia#4ff“tpoomaEsafener)ebaoapn;Cet—”wyooedoatectaeaFyParowhbkhateafeacrymiSsBestoxmwotoyepesrentYryeoAan2ssfetoatfee¥esmaoGaonvonwnoS4oraFs@22&oaaaeebebeSeTatpwahopabe&aiAoOm»OeSa3eykzwaapapodaeawapeeosya&2avee22weoFme*%owwe 23=pebeda=pee~a7sootawerdorom#45eon£32oyyoyesoeoe¥fobagsi]oresectesTWHSAGthralryotpes<4ag‘hebesfafooyeeexivend,rtomgeaedwyeemo “aoSEcroteieeya“9,er)atoga,segtigedrdonelweeteed fafa1pott0524aSaoypeepen“ss+eeeeeAeedPee gafemneeBe:&&oiFarerweetever£hedopt<remBret-&%%vesMeronvesyonworm““sx‘hyi4’,DF}e® e.i&&.SeghotJm3ooBeS>“Ei3“up“‘ect‘ee‘eesatanov"eatgnattevatbeéoCHaoDveeseerverebe;ereia“"agconeieet&°E5,eeerenepeasagvers..ort.zg%aeaS28gYSs“x4wsmeES,‘oeSAgesoSaoeaannmtensweerseedbenwayeeee,nopeeefaot“sstedot3ectoy:¢riveémehenf23vl3owE3“yderedwdyovanteevegenerasre, ims:a5Paes,nymy"“ataofeaa“ameaaoaaoeca aot‘pm1wetchsmRcELFadFoRoodroiFaEeB3a.2“. oyare<wrifeeaSei2a“5*egoca“A@teonty43onOSBan:imOFmemsmgt)SerafeteAe oneethgzpayoopengxosrmgmtsonet:oecae;oS*it-:fq»:apesbenepet&asfoaasbeaSoneoe8%Beaeszfe: edSesomeoea=wetof$9fr,olatestoe.-&:meesasrenen,regis2 ‘éa-pee.iaSiWYoSoepeatfedeoory“tfmsiyeamfi2tes,HeryturFe-ays soostvs oao=UsStfFeoeeedasgOFteyRGtetTADOAayane,aontcae4ces5a:nee3aearyue,eospews£4mder,

3214



3215

*
t%

weet an

SY

det23

3Fi

 

 

 

WO 2008/137318 PCT/US2008/061205

aim ST wherein the bile acid sequestrant is chosen from cholosiyramnnc,
~

 

&8. "The method of claim 79 wherein the lipid altering agent is a fYbrate.

oo) The method of cighn 89 wherein the fibrate is fenofibrate.

at. The mothod of claim | comprising administering misoproste! and psylkan,

“he method of claim 1 comprising administering methyl Pei SSRSR}A-Nydrosy-d-

 ~{-eng])}-S-oxocyclopenty]heptanoats,

Sy
a The method of claim 1 comprising administering psyllium and a peptide that achiyates the

S4 ‘The method of clairn 93 wherein the peptideis selected from:

‘s Asn Pro Ala Cys Thr Oly Cys Tyr;

Bro Ala Cys Thr Gly Cys Tyr:

Pro Ala Cys Thr Oly Cys Tyr;

Pro Ala Cys Thr GlyCys Tyr:

Par Gly Cys;

Thr Gly Cys:

Phe ClyCys:

s Thr Gly Cvs:

rnre ye Asn Pro Ala Cys Phr Giy Cys Tyr:
4

 
aCys Cys Glu Leu Oye Cys Asn Pro Ala Cys Phr Gly Cys Tyr
 §-Oye Cya a 2 Pro Ala Cys Thr Gly Cys Pyr;

Pro Ada Cys The Gly €

ya Asn Fro Ala Cvs Thr Gly Cys)

oh Ps, he eee STUY sy
d-Oys Cys Ue  PW

PYce
oh

g Ove Asn Pro Ala Cys Thr Gly Cys;

rg Cys Asn Pro Ala (lve Thr Gly Cys;
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 i106. “Phe rpethodofany of clatms 1-94 wherein the patient is sai

hypertension

iOY, Tho method afanyof claims 1-d wherein the patient is suffering fromcongestive heart

x

Us, “Thesethod of any of chanms 1-04

iG& “Phe method ofany of claims 1-O4 wherein the

any of claime 1-4

patient is suffering from cardiac

yy wherein the patient has suffered! 6 heart attack.

 wherein the patie

yi The method of any of claims 1-04 wherein the patient is salt sensitive.

iz. “Phe methofany of claims 1-4 wherein the patientis suffering from hypertension.

T3323. ‘Yhe method of any of claims 1-94 wherein the disorder is. a renal disarder,

 

198. ‘The method

if VRreanethod

y Wo greta
iis The method

33 went b 3
,i% Phe oethod

ofany of claims 1

ad of anyof claims 1-S¢ wherein the disorder

yenal disorder is selected from chrocic renal
x
a pond me ta rf

-~O4 wherein the disorder ps associated with asciies,

ofany of claims 1-94 wherein the disorder is cerhosis,

  nation! fs ouffering&Fa

epAlllis,

wherein the hepatitis is chronic hematitis.
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simi a churetic, an Inhibitor of angigienmsin comverling emayme, an angiotensin

ist, a calcium channel blocker, a beta-adrenergic antagonist, aipha-adrenergic 
inkibtior, and an aldosterone antagonist:

278 “The pharmaceutical composition of any ofclaims 256-276 whorein the composition

COMIPTses Dyn Gr more anti-lypertensive agents wherein the Myo or rnore antihypertensive agers

are ixleponiontiy selgoted from: a diuretic, an inhibitor of angiotensin convertingemeyne, an

 ii receptor antagonist, a.calciumchannel Mocker, a beta-adrenergic antagonist,pees

alpho-adrenergic antagonist, a renin mbibiter, and an aldosterone aniagenist.

 The pharmacentical composition of clam 277 whergin the anti-bypertensive agert ia a

280 ‘The pharmacentical composition of claim279 wheremthe diuretic is aclected from the

fa Joop diuretic, a thlazide, a potassiumsparing agent, and an osmotic 

28}. ‘Phe pharmaceutical composition of claim 279 wheremthe 

 

 ‘The pharmaceutical composition of claim 279 whereinthe diuretic is a Uuagide.
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235, sompositian of claim 204<EeThe pharmaceutica

Amlodipine.

‘The pharmaceutical campasition of claim 277 wherein the antihypertensive 
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aivhe-adronereic ailagonist.
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332. The pharmacertical composition of claim°

334. The pharmaceutical composition of chot
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SiS, The pharmacentical compo

317. Yhe pharmaceutical campesiion of claim 30
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342. The pharmaceutical conrposition of any of claims 135, 156, 177, 208, 219, 245, 268, and

318 wherein the laxative is selected from dexioxighamide, psyHium husk, docussate sadam,

Msacnds4, goed phenolphthatein.

 348. The pharmaceutical compesition of any of claime 143, 164, 185

wherein the polymer resin ig sefected fram psyllium, Hpid lowering oolymers, nonabserbed

polymer resins, and sodium binding polymersr ~

344. ‘The pharmaceutical compasition of claim 343 whereinthe polymer resin je paylliam,

345, ‘Phe pharnuiceutical composition ofelann 343 wherein the palyrnor ream is a Hypned

346. The pharmaceutical composition ofclain 343 wi
st

nomabearbed polyrr 

347. “The pharmaceutical composition of claim 343 wherein the polymerresin is a sodium

binding polymer.a

 a) composition of claim 345 wheremthe lipid loweringpolymer is

am, Sevahmer, Cholesiyramine.

349. “Phe pharmaceutical composition of claim 346 wherein nonabsorbed polymerresin ig

mi hyahironic acid, polycarbophil calcium, poi  
poaition of claim 347 wherein the sodium-binding polymeris

+.
ronio-thy)} date polymer, N-(bis-phogph

 Lune polymer, oly~umaerylic acid polymer, poly-c-fuoras solyvinylyhasphoramidic polymer, polyvinyisulfamate polymer, polis ikY
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aa

vinyyhosphonate/a-fuoroacrylic acid copolymer, vinrylphosphonate/a-fluocroacrylic acid

 copolyiner, or vinyiphosphonate/acrylic acid copelymier.

 samnpositionof claim 3S0 whervin the sodium-binding pel ymer isre

aciminisiered as a core-shell composition which further comprises a semi-pormeable shell.

vinylpyridines colymer, i i-dimethy-aminederylmethacsrylate/taurytmethacorylate copolymer, oF ¢
polyallykunine’polysiyrene sulfonate polymer.

 A pharmaceutical composition comprising miseprosial and psyllurn.

394, A sharmaveutical composition comprising psyiiumand e peptidethai activatesthe
x ot ey ra: 3

guanyvistc oyolase € receptor.

3

The pharmaceutical comrposition of claim 354 wherein the peptideae 3oFoS3 “3
a wd i ee & A B,2a3

ye
PY 

Cys Cys Gin Phe Cys vs Asn Pro Ala Cys Thr Gly Cys Tyr,

Cys Cys Gla Trp Cys Ove Asn Pro Ala Cys Thr Gly Cys Tyr

Cys Cys Clu Tyrys Cys Asn Pro Ala Thr daly Cys:

Asn Pro Ale Cys Thr Gly Cys;

&sn Fro Ala Cys Thr Gly Cas: 
Cys Cvs Asn Pro Ale Cys Thr Ghy Cys Tyr;

Asn Pra Ala Cys Thr Gly Oye Tyr

Asn Bre Ala Oys Thr Gly Cys Pye;
7

goed NaatAsn Pro Ala Cys Thr Ghy Cys‘S Py

Asa Pro Als Cys Thr Glya

162
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AGONISTS OF GUANYLATE CYCLASE USEFUL FOR THE

TREATMENT OF GASTROINTESTINAL DISORDERS,
INFLAMMATION, CANCER AND OTHER DISORDERS

RELATED APPLICATIONS

This application claims the benefit of priority to U.S. Provisional Application No.

60/933,194 filed on June 4, 2007, the contents of which is incorporated by reference in its

entirety.

FIELD OF THE INVENTION

The present invention relates to the therapeutic use of guanylate cyclase C (GC-C)

agonists as a means for enhancing the intracellular production of cGMP. The agonists may

be used either alone or in combination with inhibitors of cGMP-specific phosphodiesterase to

preventor treat inflammation, cancer and other disorders, particularly of the gastrointestinal

tract and the lung.

BACKGROUND OF THE INVENTION

Uroguanylin, guanylin and bacterial ST peptidesare structurally related peptides that

bind to a guanylate cyclase receptor and stimulate intracellular production ofcyclic

guanosine monophosphate (cGMP) (1-6). This results in the activation of the cystic fibrosis

transmembrane conductance regulator (CFTR), an apical membrane channel for efflux of

chloride from enterocytes lining the intestinal tract (1-6). Activation of CFTR and the

subsequent enhancementoftransepithelial secretion of chloride lead to stimulation of sodium

and water secretion into the intestinal lumen. Therefore, by serving as paracrine regulators of

CFTRactivity, cGMPreceptor agonists regulate fluid and electrolyte transport in the GI tract

(1-6; USpatent 5,489,670). Thus, the cGMP-mediated activation of CFTR and the

downstream signaling plays an important role in normal functioning of gut physiology.

Therefore, any abnormality in this process could potentially lead to gastrointestinal disorders

suchas irritable bowel syndrome, inflammatory bowel disease, excessive acidity and cancer

(25, 26).

The process of epithelial renewal involves the proliferation, migration, differentiation,

senescence, and eventual loss of GI cells in the lumen (7, 8). The GI mucosacan be divided

into three distinct zones based on the proliferation index of epithelial cells. One of these

1
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zones, the prolifcrative zone, consists of undifferentiated stem cclls responsible for providing

a constant source of new cells. The stem cclls migrate upward toward the lumen to which

they are extruded. As they migrate, the cclls lose their capacity to divide and become

differentiated for carrying out specialized functions of the GI mucosa (9). Renewal of Gl

mucosa is very rapid with complete turnover occurring within a 24-48 hour period (9).

During this process mutated and unwanted cells are replenished with new cells. Hence,

homeostasis of the GI mucosais regulated by continual maintenance of the balance between

proliferation and apoptotic rates (8).

The rates of cell proliferation and apoptosis in the gut epithelium can be increased or

decreased in a wide variety of different circumstances, e.g., in response to physiological

stimuli such as aging, inflammatory signals, hormones,peptides, growth factors, chemicals

and dietary habits. In addition, an enhanced proliferation rate is frequently associated with a

reduction in turnover time and an expansionof the proliferative zone (10). The proliferation

index has been observed to be muchhigherin pathological cases ofulcerative colitis and

other GI disorders (11). Thus, intestinal hyperplasia is the major promoter of gastrointestinal

inflammation and carcinogenesis.

In addition to a role for uroguanylin and guanylin as modulators of intestinal fluid and

ion secretion, these peptides may also be involved in the continual renewal of GI mucosa by

maintaining the balance betweenproliferation and apoptosis in cells lining GI mucosa.

Therefore, any disruption in this renewal process, due to reduced production of uroguanylin

and/or guanylin can lead to GI inflammation and cancer (25, 26). This is consistent with

previously published data in WO 01/25266, which suggest a peptide with the active domain

of uroguanylin may function as an inhibitor of polyp developmentin the colon and may

constitute a treatment of colon cancer. However, recent data also suggest that uroguanylin

also binds to a currently unknownreceptor, whichis distinct from GC-C receptor (3,4).

Knockout mice lacking this guanylate cyclase receptor show resistance to ST peptides in the

intestine, but effects of uroguanylin and ST peptides are not disturbed in the kidney in vivo

(3). These results were further supported by the fact that membrane depolarization induced

by guanylin was blocked by genistein, a tyrosine kinase inhibitor, whereas hyperpolarization

induced by uroguanylin was not effected (12, 13). Thus,it is not clear if the anti-colon

cancerandanti-inflammatory activities of uroguanylin and its analogs are mediated through

binding to oneor both of these receptors.
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Inflammatory bowcl discasc is a gencral name given to a group of disorders that cause

intestines to become inflamed, characterized by red and swollen tissuc. Gastrointestinal (GI)

inflammation can be a chronic condition and often leads to GI cancer (14). Examples of such

inflammatory bowel diseases (IBD) include Crohn's disease and ulcerative colitis (UC). Itis

estimated that as many as 1,000,000 Americansare afflicted with IBD, with male and female

patients appearing to be equally affected. Most cases are diagnosed before age 30, but the

disease can occur in the sixth, seventh, and later decadesoflife.

Crohn's disease is a serious inflammatory disease that predominantly effects ileum

and colon, but can also occur in other sections of the GI tract, whereas UC is exclusively an

inflammatory disease of the colon, the large intestine (15). Unlike Crohn's disease, in which

all laycrs of the intestine are involved, and in which there can be normalhealthy bowel in

between patchesof diseased bowel, UC affects only the innermostlining (mucosa) of the

colon in a continuous manner (16). Depending on which portion of the GItract is involved,

Crohn's disease may be referred to as ileitis, regional enteritis, colitis, etc. Crohn's disease

and UC differ from spastic colon orirritable bowel syndrome, which are motility disorders of

the GI tract.

While the precise cause of IBD is not known,it is believed that the disruption of the

process of continual renewal of GI mucosa may be involved in disease (17,18). The renewal

processof the GI lining is an efficient and dynamic process involving the continual

proliferation and replenishment of unwanted damaged cells. Proliferation rates of cells lining

the GI mucosa are very high, second only to the hematopoietic system. Thus, the balance

between proliferation and apoptosis is important to the maintenance of the homeostasis of the

GI mucosa (19,20).

GI homeostasis depends on both proliferation and programmedcellular death

(apoptosis) of epithelial cells lining the gut mucosa. Hence,cells are continually lost from

the villus into the lumen of the gut and are replenished at a substantially equal rate by the

proliferation of cells in the crypts, followed by their upward movementto the villus. It has

becomeincreasingly apparent that the control of cell death is an equally, ifnot more,

important regulator of cell numberand proliferation index (19,20). Reduced rates of

apoptosis are often associated with abnormal growth, inflammation, and neoplastic

transformation. Thus, both decreased proliferation and/or increased cell death may reduce

cell number, whereas increased proliferation and/or reduced cell death may increase the
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proliferation index ofintestinal tissue (20), which may lIcad to GI inflammatory discascs and

cancer.

Uroguanylin and guanylin peptides also appcar to promote apoptosis by controlling

cellular ion flux. Alterations in apoptosis have been associated with tumor progression to the

metastatic phenotype. While a primary gastrointestinal (GI) canceris limited to the small

intestine, colon, and rectum, it may metastasize and spread to such localities as bone, lymph

nodes, liver, lung, peritoneum, ovaries, and brain. By enhancing the efflux of K+ and influx

of Ca++, uroguanylin and related peptides may promote the death of transformed cells and

thereby inhibit metastasis

Irritable bowel syndrome (IBS) and chronic idiopathic constipation are pathological

conditions that can cause a great deal of intestinal discomfort and distress but unlike the IBD

diseases such as ulcerative colitis and Crohn's disease, IBS does not cause the serious

inflammation or changes in boweltissue andit is not thought to increase the risk of colorectal

cancer. In the past, inflammatory bowel disease (IBD), celiac disease andirritable bowel

syndrome (IBS) were regarded as completely separate disorders. Now, with the description

of inflammation, albeit low-grade, in IBS, and of symptom overlap between IBS andceliac

disease, this contention has come under question. Acute bacterial gastroenteritis is the

strongestrisk factor identified to date for the subsequent developmentofpostinfective

irritable bowel syndrome. Clinical risk factors include prolonged acute illness and the

absence of vomiting. A genetically determined susceptibility to inflammatory stimuli may

also be arisk factor for irritable bowel syndrome. The underlying pathophysiologyindicates

increased intestinal permeability and low-grade inflammation, as well as altered motility and

visceral sensitivity (27). Serotonin (5-hydroxytryptamine [5-HT]) is a key modulator of gut

function and is knownto play a majorrole in pathophysiology of IBS. It has been shown that

the activity of 5-HT is regulated by cGMP (28). Therefore, based on this observation as well

as other effects of cGMP, webelieve that GC-C agonists will be useful in the treatment of

IBS.

Giventhe prevalence of inflammatory conditions in Western societies and the

attendantrisk of developing cancerouslesions from inflamedtissue, particularly intestinal

tissue, a need exists to improvethe treatment options for inflammatory conditions,

particularly of the gastrointestinaltract.
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SUMMARYOF THE INVENTION

The present invention is based upon the developmentof agonists of guanylate cyclase

receptor. The agonists are analogs of uroguanylin and bacterial ST peptides and have superior

properties such as for example high resistance to degradation at the N-terminus and C-

terminus from carboxypeptidases and/or by other proteolytic enzymes present in the

stimulated humanintestinal juices and human gastric juices.

The peptides of the invention may be usedto treat any condition that respondsto

enhanced intracellular levels of cGMP. Intracellular levels of cGMP can beincreased by

enhancing intracellular production of cGMP and/orby inhibition of its degradation by cGMP-

specific phosphodiesterases. Among the specific conditions that can be treated or prevented

are gastrointestinal disorders, inflammatory disorders, lung disorders, cancer, cardiac

disorders, eye disorders, oral disorders, blood disorders, liver disorders, skin disorders,

prostate disorders, endocrine disorders, increasing gastrointestinal motility and obesity.

Gastointestinal disorders include for example, irritable bowel syndrome (IBS), non-ulcer

dyspepsia, chronic intestinal pseudo-obstruction, functional dyspepsia, colonic pseudo-

obstruction, duodenogastric reflux, gastroesophageal reflux disease (GERD),ileus

inflammation (¢.g., post-operative ileus), gastroparesis, heartburn (high acidity in the GI

tract), constipation (¢.g., constipation associated with use of medications such as opioids,

osteoarthritis drugs , osteoporosis drugs; post surigical constipation, constipation associated

with neuropathic disorders. Inflammatory disorders include tissue and organ inflammation

such as kidney inflammation (e.g., nephritis), gastrointestinal system inflammation(e.g.,

Crohn’s disease and ulcerative colitis); pancreatic inflammation (e.g., pancreatis), lung

inflammation (c.g., bronchitis or asthma) or skin inflammation (c.g., psoriasis, cczcma) .

Lung Disordcrs include for example chronic obstructive pulmonary discase ( COPD), and

fibrosis. Cancer includes tissuc and organ carcinogenesis including mctatases such as for

example gastrointestinal cancer, (e¢.g., gastric cancer, esophageal cancer, pancreatic cancer

colorectal cancer, intestinal cancer, anal cancer, liver cancer, gallbladder cancer, or colon

cancer; lung cancer; thyroid cancer; skin cancer (e.g., melanoma); oral cancer; urinary tract

cancer(e.g. bladder cancer or kidney cancer); blood cancer (e.g. myeloma or leukemia) or

prostate cancer. Cardiac disorders include for example, congestive heart failure, trachea

cardia hypertension, high cholesterol, or high tryglycerides. Liver disorders include for

example cirrhosis and fibrosis. In addition, GC-C agonist may also be useful to facilitate liver

5
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regencration in liver transplant paticnts. Eye disorders include for cxample increased intra-

ocular pressure, glaucoma, dry cycs retinal degencration, disorders of tear glands or cye

inflammation. Skin disorders include for example xcrosis. Oral disorders include for

example dry mouth (xerostomia), Sj6gren's syndrome, gum diseases (e.g., periodontal

disease), or salivary gland duct blockage or malfunction. Prostate disorders include for

example benign prostatic hyperplasia (BPH). Endocrine disorders include for example

diabetes mellitus, hyperthyroidism, hypothyroidism, and cystic fibrosis.

Tn one aspect, the present invention is directed to a peptide consisting essentially of

the amino acid sequence of, SEQ ID NOs: 2-54 and 57-98 andto therapeutic compositions

which contain these peptides. Prefered peptides include SEQ ID NO:8, 9, 10, 58 and 59. The

term "consisting essentially of" includes peptides that are identical to a recited sequence

identification number and other sequencesthat do not differ substantially in terms of either

structure or function. For the purpose of the present application, a peptide differs

substantially if its structure varies by more than three amino acids from a peptide of SEQ ID

NOs 2-54 and 57-98orif its activation of cellular cGMP production is reduced by more than

50% compared to a control peptide such as SEQ ID NO:1, 55 or 56. Preferably, substantially

similar peptides should differ by no more than two amino acids and not differ by more than

about 25% with respect to activating cGMP production. The instant peptide sequences

comprise at least 12 amino acid residues, preferably between 12 and 26 amino acidsin

length.

The peptides may be in a pharmaceutical composition in unit dose form, together with

one or more pharmaceutically acceptable carrier, excipients or diluents. The term "unit dose

form" refers to a single drug delivery entity, e.g., a tablet, capsule, solution or inhalation

formulation. The amount ofpeptide present should be sufficient to have a positive therapeutic

effect when administered to a patient (typically, between 100 ug and 3 g). What constitutes a

"positive therapeutic effect" will depend upon the particular condition being treated and will

include any significant improvement in a condition readily recognized by oneof skill in the

art. For example, it may constitute a reduction in inflammation, shrinkage of polyps or

tumors, a reduction in metastatic lesions, etc.

In yet another aspect, an invention provides administering to said patient an effective

dose of an inhibitor of cGMP-specific phosphodiesterase (CGMP-PDE)either concurrently or

sequentially with said guanylate cyclase receptor agonist. The cGMP-PDEinhibitor include

for example suldinac sulfone, zaprinast, and motapizone, vardenifil, and sildenafil. In

6
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addition, GC-C agonist peptides may be used in combination with inhibitors of cyclic

nuclcotide transporters.

Optionally, anti-inflammatory agents are also administered. Anti-inflammatory

agents include for example steroids and non-steroidal anti-inflammatory drugs (NSAIDS).

Other features and advantages of the invention will be apparent from and are

encompassed by the following detailed description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1A is a bar chart showing the biological activity of SP-304 after incubation with

simulated gastric fluid (SGF) for times as indicated. The biological activity of SP-304 was

determined by measuringits ability to stimulate cGMPsynthesis in T84 cells. Following the

incubations, samples were used for their abilities to stimulate cGMP synthesis in T84 cells.

The cGMPstimulation activity in sample at 0 min of incubation with SGF was taken as

100%. The activities in samples from other times of incubations with SGF were calculated as

 percentage of the activity in the sample at 0 min. Thedata is average of triplicates + SD

Figure 1B is a schematic representation of the results of HPLC chromatographic analyses of

SP-304 samples after incubation with SGFat indicated times. The major peak of SP-304 did

not change following incubation with SGF, indicating that the peptide wasresistant to SGF

digestion. The arrowsindicate the elution position of SP-304.

Figure 2A is a bar chart showing Cyclic GMPsynthesis in T84 cells by SP304 samples after

incubation with simulated intestinal fluid (SIF) for the indicated times. Following the

incubations, samples were used fortheir abilities to stimulate cGMP synthesis in T84 cells.

The cGMPstimulation activity in sample at 0 min of incubation with SIF was taken as 100%.

The activities in samples from other times of incubations with SIF were calculated as

 percentageof the activity in the sample at 0 min. The data is average of triplicates + SD

Figure 2B is a schematic representation of the results of HPLC chromatographic analyses of

SP304 samples after incubation with (A) heat inactivated SIF for 300 min or with (B) SIF for

120 min. The incubation with SIF completely converted SP-304 into another peptide eluting

at 9.4 min, as indicated by *. Arrowsindicate the position of SP-304.

Figure 3 is a schematic representation of the possible degradation products of SP-304.
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Figure 4 showsstimulation of cGMP synthesis in T84 cclls by the truncated peptides of SP-

304. Thus, SP-338 has the same peptide sequence as SP-304 except that it lacks Leu at the C-

terminus. Similarly, SP-327, SP-329 and SP-331 have Leu at their C-termini deleted relative

to their corresponding parents, SP-326, SP-328 and SP-330. Peptides were evaluated for

their abilities to stimulate cGMP synthesis in T84 cells. The results are expressed as an

average of duplicates.

Figure 5 showsstimulation of cGMP synthesis in T84 cells by SP-304 and similar peptides.

Cells were exposed to peptide analogs for 30 min and cell lysates were used to determine

intracellular cGMPlevels. Results are expressed as an average of triplicates + SD.

Figure 6 showsstimulation of cGMP synthesis in T84 cells by SP-339 and other peptides.

T84 Cells were exposed to the indicated peptide for 30 min andcell lysates were used to

 determineintracellular cGMPlevels. Results are expressed as an average oftriplicates + SD.

Figure 7A showsstability of SP-333 against digestion with simulated intestinal fluid (SIF) for

indicated times. The control sample marked as C120 was produced by incubating peptides

with heat inactivated SIF. Samples from the incubations were removed and heated at 95°C

for 5 min to inactivate digestive enzymes and then usedto stimulate cyclic GMP synthesis in

T84 cells. The cGMPstimulation activity at 0 min wastaken as 100% in each set. The data

 is average oftriplicates + SD.

Figure 7B showsstability of SP-332 against digestion with simulated intestinal fluid (SIF) for

indicated times. The control sample marked as C120 was produced by incubating peptides

with heat inactivated SIF. Samples from the digestions were removed and heated at 95°C for

5 min to inactivate digestive enzymes and then used to stimulate cyclic GMP synthesis in

T84 cells. The cGMPstimulation activity at 0 min was taken as 100% in each set. The data

 is average oftriplicates + SD.

Figure 7C showsstability of SP-304 against digestion with simulated intestinal fluid (SIF) for

indicated times. The control samples marked as CO and C60 were produced by incubating

peptides with heat inactivated SIF. Samples from the digestions were removed and heated at

95°C for 5 min to inactivate digestive enzymes and then used to stimulate cyclic GMP

synthesis in T84 cells. The cGMPstimulation activity at 0 min was taken as 100% in each
 set. The data is average of 3 determinations + SD.
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Figure 7D shows HPLCanalysis of samples of SP-304 at 0 and 60 minutes following

incubation with SIF. Arrow indicates the clution position of SP-304 peptide. The data clearly

showsthat the SP-304 peak cluting at 14.3 min completely vanished and two new pcaks

emerged at 7.4 and 10.3 minutes. These new peptide peaks represent the possible

degradation products of SP-304.

Figure 7E shows HPLC analysis of samples of SP-332 at 0 and 120 minutes following

incubation with SIF. Arrow indicates the elution position of SP-332 peptide. The data shows

that the peptide SP-332 eluting at 14.8 minutes was not changed following incubation with

SIF, suggesting that SP-332 is not sensitive to proteolysis by proteases present in SIF.

Figure 7F shows HPLC analysis of samples of SP-333 at 0 and 120 minutes following

imcubation with SIF. Arrows indicate the elution position of SP-333. The data show that

peptide SP-333, eluting at 14.8 minutes, was not changed following incubation with SIF,

suggesting that SP-333 is not sensitive to proteolysis by proteases present in SIF during the

120 minute incubation period.

Figure 8 showsstimulation of cGMP synthesis in T84 cells by the peggylated analogs of SP-

333. T84 cells were exposed to the indicated peptides for 30 min andcell lysates were used

 to determine intracellular cGMPlevels. Results are expressed as an averageoftriplicates +

SD.

Figure 9 showsstimulation of cGMP synthesis in T84 cells by SP-304 (0.1 UM) either alone

or in combination with the phosphodiesterase (PDE) inhibitors Sulindac Sulfone (100 UM) or

Zaprinast (100 uM). T8&4 cells were exposed to various treatments, as indicated, for 30 min

and the cell lysates were used to determine the intracellular cGMP levels. Results are

expressed as an average of duplicates.

Figure 10 showsstimulation of cGMP synthesis in T84 cells by SP-304 (0.1 or 1.0 UM)

either alone or in combination with incremental concentrations ofphosphodiesterase (PDE)

inhibitors, as indicated. T84 cells were exposed to various treatments, as indicated, for 30

min and the cell lysates were used to determinethe intracellular CGMP levels. Results are

expressed as an average of duplicates.

Figure 11 showsstimulation of cGMP synthesis in T84 by SP-333 (0.1 or 1.0 UM) either

alone or in combination with incremental concentrations Zaprinast, as indicated. T84 cells
9
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were exposedto various treatments, as indicated, for 30 min and the ccll lysates were used to

determinethe intracellular cGMP levels. Results are expressed as an average of duplicates.

Figure 12 showsstimulation of cGMP synthesis in T84 by SP-333 (0.1 UM) either alone or in

combination with incremental concentrations Sulindac Sulfone, as indicated. T84 cells were

exposed to various treatments, as indicated, for 30 min and the cell lysates were used to

determine the intracellular cGMPlevels. Results are expressed as an average of duplicates.

Figure 13 shows a schematic of the mainatance of intracellular concentrations of cGMP

levels . The intracellular levels of cGMP can be maintained by stimulating its synthesis via

the activation of GC-C andby inhibiting its degradation by cGMP-PDE. Thus,a

combination of a GC-C agonist with an inhibitor of PDE may produce a synergistic effect to

enhance levels of cGMPin tissues and organs.

DETAILED DESCRIPTION

The present invention is based upon the development of agonists of guanylate

cyclase-C (GC-C). The agonists are analogs of uroguanylin and bacterial ST peptides and

have superior properties such as for examplehighresistance to degradation at the N-terminus

and C-terminus from carboxypeptidases and/or by other proteolytic enzymes such as those

present in the stimulated human intestinal juices and humangastric juices.

The GC-C is expressed on various cells including on gastrointestinal epithelial cells,

and on extra-intestinal tissues including kidney, lung, pancreas, pituitary, adrenal, developing

liver, heart and male and female reproductive tissues (reviewed in Vaandrager 2002 MolCell

Biochem 230:73-83). The GC-C is a key regulator of fluid and electrolyte balance in the

intestine and kidney. In the intestine, when stimulated, the GC-C causes an increase in

intestinal epithelial cGMP. This increase in cGMPcauses a decrease in water and sodium

absorption and an increase in chloride and potassium ionsecretion, leading to changes in

intestinal fluid and electrolyte transport and increased intestinal motility.

The gualylate cyclase-C agonists according to the invention include SEQ ID NO:2-54,

and SEQ ID NO: 57-98 and are summarized below in Table I and Table II. The gualylate

cyclase-C agonists according to the invention are collectively refered to herein as “GCRA

peptides”.

10
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$P-335|C4:C12,|dAsn'-dAsp-dGlu’-Cys'-Glu’-Leu'-Cys'-Val'-Asn’-Val"-Ala! -Cys!-Thr”.Gly""-Cys!"-dLeu® ll

 

 

  
C15 $

0

SP-336|C4:C12,|dAsn’-Asp"-Glu'-Cys'-Ghu’-Leu"-Cys'-Val!-Asn-Val"-Ala!!-Cys“-Thr-Gly"-Cys”-Leu'* 2 :
CHI &pt

— . i
$P-337|C4:C12,|dAsn’-Agp-Cihu-Cys'-Glr-dLeu'-Cys’-Val-Asn-Val"=Aln’Cys“Thr-Gly'"-Cys' -dLeu” 3 N

TCHS ‘

SP-338|CA:C12,|Asn'-Asp--Glu-Cys™-Gu’-Leu'-Cys'-Val!-Asn’-ValAla’ -Cys"-Thr-Gly'"-Cys" i4
TCH

SP-342|C4:C12,|PEG3-Asn’-Asp’-Glu-Cys-Glu'-Leu'-Cys-Val’-Asn’-Val”-Ala -Cys “Thr -Gly"-Cys"-dLeuw"-PEG3|15
CHCIS

S$P-343.|C4C12,|PEG3-dAsn-Agp’-Ghi'-Cys'-Glu-Leu'-Cys'-ValAsnVal-Ala’Cys-Thr-Gly-Cys"-dLev'PEG}—|16
CCI

§P-344|C4:C 12,|PEG3-dAsn -dAsp-Ghu’-Cys -Glu’-Leu'-Cys'-Val Asn -Val-Ala'-Cys--Thr’-Gly "Cys “dLeu -PEG3|17
TCHS

SP-347|C4:C12,|dAsn'-Asp’-Glu’-Cys’-Gh’-Leu'-Cys'-Val’-Asn-ValAla’ -Cys™-Thr-Gly"Cys"-dLeu’"-PEG3 18
CHCIS

$P-348|C4:C12,|PEG3-Asn’-Agp-Glu-Cys'-Ghu-Leu’-Cys-Val-Asn-Val’-Ala’Cys’-Thr -Gly'-Cys'-dLeu” 19
CHCIS

SP-350|C4C12,|PEG3-dAsn'-Agp’-Glu'-Cys'-Gilu’-Leu’-Cys-ValAsnVal“Ala-CysThrGly“Cys-dLeu” 24
TCHS

SP-352|C4C12,|Asn!-Asp’-Ghu-Cys'-Glu’-Leu'.Cys’-Val'-Asn’-Vall"Ala-Cys!-Thr''-Gly'*-Cys'-dLeu'*-PEG3 21
CHC ‘

3
SP-358|C4:C12,|PEG3-dAsn!-dAsp-dClu’-Cys"-Glu’-Leu'.Cys’-Val’-Asn’-Val"-Ala!-Cys"Thr-Gly'-Cys"-dLeuPEG3|22 6

CiCIS 8S

$P-359|C4:C12,|PEG3-dAsn!-dAsp”-dGtu!-Cys'-Glu'-Leu'-Cys'-Val"-Asn’-Val!”Ala!™Cys'*-Thr’-Gly"-Cys!-dLeu'” 3 g
ChCIS i

x
Nv
fe
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SP-360|C4:C12,|dAsn'-dAsp'-dGlu’-Cys'-Glu’-Leu’-Cys'-Val'-Asn’-Val"-Ala!”-Cys!Thr”.Giy"-Cys""-dLeu!°PEG3 4

"C5 $
6

SP-361|C4:C12,|dAsn'-dAsp’Cilu’-Cys-Gla’-Leu’-Cys"-Val*-Asn-Val!”-Ala"-Cys”-Thr’-Gly"-Cys"-dLeu'® -PEG3 28 :
7CIS Spe :

SP-362|C4C12,|PEG3-dAsn~dAsp’-Gilu’-Cys'-Glu’-Leu-Cys'-Val"-AsnVal“Ala-Cys-Thr’-Gly"-Cys"-dLeu‘ %6 fs
CHCIS y

SP-368|C4:C12,|dAsn'-Asp-Cilu’Cys'-Glu-Leu’-Cys-Val*-Asn’-Val"Ala! -Cys’-Thr!Gly’-Cys"dNel” 2
CHCIS

SP-369.|C4C12,|dAsn'-Asp-Glu-Cys’-Glu’-Leu!-Cys'-AIB'-Asn’-AIB"-Ale' -Cys'-Thr’-GlyCys-dLeu” 28
TC15

SP-370|C4C12,|dAsn'-Asp-Clu’-Cys"-Chr-Leu’-Asp{Lactam]-Val'-Asn’-Val"”-Ala!-CysThr-Gily"-Orn?-dLeu” 29
TCHS

SP-37L|C4:C12,|dAsm-Asp™-Glu-Cys™-Giu’-Tyr’-Cys'-Val"-Asn-Val"-Ala'-Cys'-Thr-Gly’-Cys’-dLor” 30
7:15

$P-372|C4:C12,|dAsn -Agp’-Ghu’-Cys'-Ghr-Ser'-Cys'-Val'-Asn’-Val-Ala-Cys-Thr ’-Gly-Cys"-dLeu 31
CHCIS

NI|CA:C12,|PEG3-desn'-Agp’-Glu’-Cys'-Glu’-Tyr'-Cys-Val"-Asn-Val''-Ala -Cys'-Thr’-Gly-Cys"-dLeu" PEGS|32
CHCIS

N2|CAC12,|PEG3-dAsn'-AgyGr-Cys"-Glu-Tyr'-Cys-Val"Asn’-Val"-Ala’-Cys'Thr’-Giy'-Cys'-dLeu” 33
CCI

N3|C4C12,|dAsn'-Asp-Glu’-Cys'-Glu’-Tyr’-Cys'-Val'-Asn-Val"“Ala!-Cys!-Thr'Gly’-Cys"™-dLer” PEG3 34
CCS

4
N4|C4:C12,|PEG3-dAsn!-Asp-Giu’-Cys"-Glu’-Ser"-Cys'-Val'-Asn’-Vall"-Ala!"-Cys!”-Thr’-Gly'-Cys’dLeu"*-PEG3|35 5

(7.015 6
3

NS|C4:C12,|PEG3-dAsn’-Agp-Cilr’-Cys"-Gh-Ser'-Cys'-Val"-Asn=Val"-Ala! -Cys"”-Thr’-Gly-Cys"-dLeu® 36 &
a5 5

wl
N6|CA:C12,|dAsn’-Asy-Gilu’.Cys'-Glu’-Ser’.Cys’-Val-Asn-Val-Ala’-Cys”-Thr’-Gly"-Cys”-dLeu® -PEG3 7 t
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  i)

CHCIS

NT|C4C12,|Asn’-Asp-Ghr’-Cys"-Glu’-Leu'-Cys'-Val'-Asn’-Val!"-Ala!’Cys!"-Thr’-Gly""-Cys'™-Ser" 38
CiCIS

N8|C4:C12,|PEG3-Asn’-Agp™-Glu'-Cys'-Glu’-Leu'-Cys'-Val"-Asn’-ValAla’ -Cys"-Thr*-Gly'"-Cys"-Ser"-PEG3|39
CCI

N9|C4:C12,|PEG3-Asn’-Agy”-Glur-Cys'-Glu’-Leu'-Cys'-Val"-Asn’-Val"-Ala'-Cys-Thr-Gly'*-Cys"-Ser” 4(
71S

NID|C4012,|Agn!-Agy-Gihv-Cys™-Cihr-Leu'.C'ys’-Val-Asn’-Val “Ala! Cys!Thr’Gi!Cys-Ser"-PEG3 4I
CHCIS

NIL|C4xC12,|PLG3-Asn'-Agp-Glu-Cys'-Glu’-Leu'-Cys'-Val"Asn’-Val"-Ala’Cys-Thr’-Gly'"-Cys'-dSer" PEG|42
CHCIS

N12|CAC12,|PEG3-Asn-Agy™-Glur-Cys™-Glu’-Leu'-Cys'-Val!-Aon’-Val"-Ala'Cys-Thr-Gly'"-Cys-dSer" 8
CCS

N13|C4:C12,|Asn -Agy’-Ghr-Crs-Gh’-Leu'-Cys -Val’-Asn’-Val-Ala -Cys -Thr’-Gly"-Cys -dSer” PEG3 44

 

 

    Fonmule|C4:C12,|Asn -Asp’-Ghu-Cys'-Xaz’-Xaa-Cys -Xaa'-Xaa Xa -Xea -Cys “-Xaa“-Kaa'’-Cys'-Xaa 45
| CCHS

Formula|C4:C12, Xaau-CysXa-Xaa’-Cys'-Xaa!-Xea’-Xaa'-Xea’ -Cys“-Xaa’’-Xaa’-Cys”-Xaas 46
II C7.C15

Formule|4:12,%1|Xeay-Maa'-Gluy’-Xaa'-Maa-Val-Asn’-Val"-Ala-Mea’Thr’-Cily'"-Maa’’- Xaa,, 4]
Ill )

Fonmul|4:12,7:1|Xa, - Maa”=Xaa’-Xaa’- Maa '-Xaa'-Xaw’=Xaa!®-Xaal!: Maa ”-Xea!*-Xaa- Maa ”-Xta,o 48
lV 5

Formula|C4:C12,|Asn'-Asp’=Asp’-Cys"=Xaa’-Naa’.Cys'-Xaa'-Asn’-Xaa”-Xaa’ -Cys!"-Xaa!'-Xaa""-Cys’”-Xaa"® 49
V) C7.C15

Formula|C4:C12,|dAsm-Ghu'Chr-Cys’-Xaa'-Xaa'-Cyg=X3'-Aen'-XaaNea! -Cys’“Naa-Xaa!-Cys! -d-Xaa® i0
VI 115

Formule|C4:C12,|dAsn’-dGlu"-Asp-Cys"-Xaa'-Xaa'-Cys'-Naa'-Asn-Xaa '-Xaa’ -Cys”-Xaa-Xaa’"-Cys"-d-Xaa® iI
Vil 115
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The GCRA peptides described hercin bind the guanylate cyclase C (GC-C) and stimulate

intracellular production of cyclic guanosine monophosphate (cGMP). Optionally, the GCRA

peptides induce apoptosis. In some aspects, the GCRA peptides stimulate intracellular cGMP

production at higher levels than naturally occurring GC-C agonists (e.g., uroguanylin, guanylin,

and ST peptides) and/or SP-304. For example, the GCRA peptides of the invention stimulate

5%, 10%, 20%, 30%, 40%, 50% , 75%, 90% or more intracellular cGMP comparedto naturally

occurring GC-C angonists and/or SP-304. The terms induced and stimulated are used

interchangeably throughout the specification. The GCRA peptides described herein are more

stable than naturally occurring GC-C agonists and/or SP-304. By morestable it is meant that the

peptide degrade less and/or more slowly in simulated gastrointestinal fluid and/or simulatd

intestinal fluid compared to naturally occurring GC-C angonists and/or SP-304. For example,

the GCRApeptide of the invention degrade 2%, 3%, 5%, 10%, 15%, 20%, 30%, 40%, 50% ,

75%, 90% or less compared to naturally occurring GC-C angonists and/or SP-304.

The GCRA peptides described herein have therapeutic value in the treatment of a wide

variety of disorders and conditions including for example gastrointestinal disorders,

inflammatory disorders, lung disorders, cancer, cardiac disorders, eye disorders, oral disorders,

blood disorders, liver disorders, skin disorders, prostate disorders, endocrine disorders,

increasing gastrointestinal motility and obesity. Gastointestinal disorders include for example,

irritable bowel syndrome (IBS), non-ulcer dyspepsia, chronic intestinal pseudo-obstruction,

functional dyspepsia, colonic pseudo-obstruction, duodenogastric reflux, gastroesophageal reflux

disease (GERD)ileus (¢.g., post-operative ileus), gastroparesis, heartburn (high acidity in the GI

tract), constipation (e.g., constipation associated with use of medications such as opioids,

osteoarthritis drugs , osteoporosis drugs; post surigical constipation, constipation associated with

neuropathic disorders. Inflammatory disorders include tissue and organ inflammation such as

kidney inflammation(e.g., nephritis), gastrointestinal system inflammation (e.g., Crohn’s disease

and ulcerative colitis); pancreatic inflammation (e.g., pancreatis), lung inflammation (e.g.,

bronchitis or asthma) or skin inflammation (¢.g., psoriasis, eczema). Lung Disorders include for

example chronic obstructive pulmonary disease (COPD), and fibrosis. Cancer includestissue

and organ carcinogenesis including metatases such as for example gastrointestinal cancer, (e.g.,

gastric cancer, esophageal cancer, pancreatic cancer colorectal cancer, intestinal cancer, anal
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cancer, liver cancer, gallbladder cancer, or colon cancer; lung cancer; thyroid cancer; skin cancer

(e.g., mclanoma); oral cancer; urinary tract cancer (e.g. bladder cancer or kidney cancer); blood

cancer(e.g. myeloma or leukemia) or prostate cancer. Cardiac disorders include for example,

congestive heart failure, trachea cardia hypertension, high cholesterol, or high tryglycerides.

Liver disorders include for example cirrhosis and fibrosis. Eye disorders include for example

increased intra-ocular pressure, glaucoma,dry eyes retinal degeneration, disorders of tear glands

or cyce inflammation. Skin disorders include for example xcrosis. Oral disorders include for

example dry mouth (xcrostomia), Sj6gren's syndrome, gum discases (e.g., periodontal discasc),

or salivary gland duct blockage or malfunction. Prostate disorders include for cxample Benign

prostatic hyperplasia (BPH). Endocrine disorders include for example diabetes mellitus,

hyperthyroidism, hypothyroidism, and cystic fibrosis.

As used herein, the term “guanylate cyclase C (GC-C)’refers to the class of guanylate

cyclase C receptor on any cell type to which the inventive agonist peptides or natural agonists

described herein bind. As used herein, “intestinal guanylate cyclase receptor” is found

exclusively on epithelial cells lining the GI mucosa. Uroguanylin, guanylin, and ST peptides are

expected to bind to these receptors and may induce apoptosis. The possibility that there may be

different receptors for each agonist peptide is not excluded. Hence, the term refers to the class of

guanylate cyclase receptors on epithelial cells lining the GI mucosa.

As used herein, the term “GCR agonist” is meant to refer to peptides and/or other

compoundsthat bind to an intestinal guanylate cyclase C and stimulate fluid and electrolyte

transport. This term also covers fragments and pro-peptides that bind to GC-C andstimulate

fluid and water secretion.

As used herein, the term “substantially equivalent” is meant to refer to a peptide that has

an amino acid sequence equivalent to that of the binding domain wherecertain residues may be

deleted or replaced with other amino acids without impairing the peptide’s ability to bind to an

intestinal guanylate cyclase receptor and stimulate fluid and electrolyte transport.

Addition ofcarriers (e.g., phosphate-buffered saline or PBS) and other components to the

composition of the present invention is well within the level of skill in this art. In addition to the

compound, such compositions may contain pharmaceutically acceptable carriers and other

ingredients knownto facilitate administration and/or enhance uptake. Other formulations, such

as microspheres, nanoparticles, liposomes, and immunologically-based systems may also be used

22

3276



3277

20

25

30

WO 2008/151257 PCT/US2008/065824

in accordance with the present invention. Other examples include formulations with polymers

(e.g., 20% w/v polyethylene glycol) or cellulose, or enteric formulations.

The present invention is based upon several concepts. The first is that there is a cGMP-

dependent mechanism which regulates the balance between cellular proliferation and apoptosis

and that a reduction in cGMPlevels, due to a deficiency of uroguanylin/guanylin and/or due to

the activation of cGMP-specific phosphodiesterases, is an early and critical step in neoplastic

transformation. A sccond conceptis that the release of arachidonic acid from membrane

phospholipids, which leads to the activation of cytoplasmic phospholipase A2 (cPLA2),

cyclooxygenase-2 (COX-2) and possibly 5-lipoxygenase (5-LO) during the process of

inflammation, is down-regulated by a cGMP-dependent mechanism,leading to reduced levels of

prostaglandins and leukotrienes, and that increasing intracellular levels of cGMP maytherefore

produce an anti-inflammatory response. In addition, a cGMP-dependent mechanism,is thought

to be involved in the control ofproinflammatory processes. Therefore, elevating intracellular

levels of CGMP maybe used as a meansoftreating and controlling gastrointestinal disorders,

inflammatory disorders, lung disorders, cancer, cardiac disorders, eye disorders, oral disorders,

blood disorders, liver disorders, skin disorders, prostate disorders, endocrine disorders,

increasing gastrointestinal motility and obesity.Gastointestinal disorders include for example,

irritable bowel syndrome (IBS), non-ulcer dyspepsia, chronic intestinal pseudo-obstruction,

functional dyspepsia, colonic pseudo-obstruction, duodenogastric reflux, gastroesophageal reflux

disease (GERD)ileus (e.g., post-operative ileus), gastroparesis, heartburn (high acidity in the GI

tract), constipation (e.g., constipation associated with use of medications such as opioids,

osteoarthritis drugs, osteoporosis drugs; post surigical constipation, constipation associated with

neuropathic disorders. Inflammatory disorders includetissue and organ inflammation such as

kidney inflammation(e.g., nephritis), gastrointestinal system inflammation(e.g., Crohn’s disease

and ulcerative colitis); pancreatic inflammation (e.g., pancreatis), lung inflammation(e.g.,

bronchitis or asthma) or skin inflammation (e.g., psoriasis, eczema). Lung Disorders include for

example COPD andfibrosis. Cancer includestissue and organ carcinogenesis including

metatases such as for example gastrointestinal cancer, (e.g., gastric cancer, esophageal cancer,

pancreatic cancercolorectal cancer, intestinal cancer, anal cancer, liver cancer, gallbladder

cancer, or colon cancer; lung cancer; thyroid cancer; skin cancer (e.g., melanoma); oral cancer;

urinary tract cancer (e.g. bladder cancer or kidney cancer); blood cancer(e.g. myeloma or
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leukemia) or prostate cancer. Cardiac disorders include for example, congestive heart failure,

trachea cardia hypertension, high cholesterol, or high tryglycerides. Liver disorders include for

example cirrhosis and fibrosis. Eye disorders include for example increased intra-ocular

pressure, glaucoma, dry eyes retinal degeneration, disorders of tear glands or eye inflammation.

Skin disorders include for example xerosis. Oral disorders include for example dry mouth

(xerostomia), Sjogren's syndrome, gum diseases (e.g., periodontal disease), or salivary gland

duct blockage or malfunction. Prostate disorders include for example Benign prostatic

hyperplasia (BPH). Endocrine disorders include for cxample diabctes mellitus, hyperthyroidism,

hypothyroidism, and cystic fibrosis.

Without intending to be bound by any theory,it is envisioned that ion transport across the

plasma membrane mayprove to be an important regulator of the balance betweencell

proliferation and apoptosis that will be affected by agents altering cGMP concentrations.

Uroguanylin has been shown to stimulate K+ efflux, Ca++ influx and water transport in the

gastromtestinal tract (3). Moreover, atrial natriuretic peptide (ANP), a peptide that also binds to

a specific guanylate cyclase receptor, has also been shownto induce apoptosis in rat mesangial

cells, and to induce apoptosis in cardiac myocytes by a cGMP mechanism (21-24).

Binding of the present agonists to a guanylate cyclase receptor stimulates production of

cGMP. This ligand-receptor interaction, via activation of a cascade of cGMP-dependent protein

kinases and CFTR, induces apoptosis in target cells. Therefore, administration of the novel

peptides defined by SEQ ID NO:2-54, and SEQ ID NO: 57-98, as shown in Tables I[ and II, or

peptides similar to uroguanylin, or guanylin or E. coli ST peptide are useful in eliminatingor,at

least retarding, the onset of gastrointestinal disorders, inflammatory disorders, lung disorders,

cancer, cardiac disorders, eye disorders, oral disorders, blood disorders, liver disorders, skin

disorders, prostate disorders, endocrine disorders, increasing gastrointestinal motility and

obesity.Gastointestinal disorders include for example,irritable bowel syndrome (IBS), non-ulcer

dyspepsia, chronic intestinal pseudo-obstruction, functional dyspepsia, colonic pseudo-

obstruction, duodenogastric reflux, gastroesophageal reflux disease (GERD), ileus inflammation

(é.g., post-operative ileus), gastroparesis, heartburn (high acidity in the GI tract), constipation

(e.g., constipation associated with use of medications such as opioids, osteoarthritis drugs,

osteoporosis drugs; post surigical constipation, constipation associated with neuropathic

disorders. Inflammatory disorders include tissue and organ inflammation such as kidney
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inflammation (e.g., nephritis), gastrointestinal system inflammation (e.g., Crohn’s disease and

ulcerative colitis); pancreatic inflammation (e.g., pancreatis), lung inflammation (e.g., bronchitis

or asthma)or skin inflammation (e.g., psoriasis, eczema). Lung Disorders include for example

chronic obstructive pulmonary disease ( COPD), and fibrosis. Cancer includestissue and organ

carcinogenesis including metatases such as for example gastrointestinal cancer,( e.g., gastric

cancer, esophageal cancer, pancreatic cancer colorectal cancer, intestinal cancer, anal cancer,

liver cancer, gallbladder cancer, or colon cancer; lung canccr; thyroid cancer; skin cancer(e.g.,

melanoma); oral cancer; urinary tract cancer (e.g. bladder cancer or kidney cancer); blood cancer

(e.g. myclomaor leukemia) or prostate cancer. Cardiac disorders include for example,

congestive heart failure, trachea cardia hypertension, high cholesterol, or high tryglycerides.

Liver disorders include for example cirrhosis and fibrosis. Eye disorders include for example

increased intra-ocular pressure, glaucoma, dry eyes retinal degeneration, disorders oftear glands

or eye inflammation. Skin disorders include for example xerosis. Oral disorders include for

example dry mouth (xerostomia), Sjégren's syndrome, gum diseases (e.g., periodontal disease),

or salivary gland duct blockage or malfunction. Prostate disorders include for example Benign

prostatic hyperplasia (BPH). Endocrine disorders include for example diabetes mellitus,

hyperthyroidism, hypothyroidism, and cystic fibrosis.

Uroguanylin is a circulating peptide hormone with natriuretic activity and has been found

to stimulate fluid and electrolyte transport in a mannersimilar to another family of heat stable

enterotoxins (ST peptides) secreted by pathogenicstrains ofF. coli and other enteric bacteria that

activate guanylate cyclase receptor and cause secretory diarrhea. Unlike bacterial ST peptides,

the binding of uroguanylin to guanylate cyclase receptor is dependent on the physiological pH of

the gut. Therefore, uroguanylin is expected to regulate fluid and electrolyte transport in a pH

dependent mannerand without causing severe diarrhea.

GCRA PEPTIDES

Tn onceaspect, the invention provides a GCRA peptide. The GCRApeptidesare

analogues uroguanylin and bacterial ST peptide. No particular length is implicd by the term

“peptide”. In some embodiments, the GCRA peptide is less than 25 aminoacidsin length, e.g.,

less than or equal to 20, 15, 14, 13, 12, 11, 10, or 5 amino acid in length.

The GCRA peptides can be polymers of L-amino acids, D-aminoacids, or a combination

ofboth. For example, in various embodiments, the peptides are D retro-inverso peptides. The

25

3279



3280

20

25

30

WO 2008/151257 PCT/US2008/065824

term “‘retro-inverso isomer’ refers to an isomerof a linear peptide in whichthe direction of the

sequenceis reversed and the chirality of cach aminoacid residuc is inverted. See, e.g., Jameson

et al., Nature, 368, 744-746 (1994); Brady et al., Nature, 368, 692-693 (1994). The net result of

combining D-enantiomers and reverse synthesis is that the positions of carbonyl and amino

groups in each amide bond are exchanged, while the position of the side-chain groupsat each

alpha carbon is preserved. Unless specifically stated otherwise, it is presumed that any given L-

amino acid sequence of the invention may be made into an D retro-inverso peptide by

synthesizing a reverse of the sequence for the corresponding native L-amino acid sequence. For

example a GCRA peptide includes the sequence of SEQ ID NO: SEQ ID NO:2-54, and SEQ ID

NO: 57-98. In various embodiments, the GCRA peptide includes the amino acid sequence of

SEQ ID NO:45-54 and SEQ ID NO:87-98 where the peptide induces cGMPproductionbyacell.

In various embodiments the GCRA peptideofthe invention includes the amino acid sequence

according to FormulasI-IX (e.g. SEQ ID NO:45-54) with the proviso that the GCRA peptide is

not SEQ ID NO:1. In further embodiments the GCRApeptide of the invention include the

amino acid sequence according to Formulas X- XVII (e.g. SEQ ID NO:87-98) with the proviso

that the GCRA peptide is not SEQ ID NO:55 or SEQ ID NO:56. By inducing cGMP production

is meant that the GCRA peptide inducesthe production of intracellular cGMP. Intracellular

cGMPis measured by methods knownin the art. For example, the GCRA peptide of the

invention stimulate 5%, 10%, 20%, 30%, 40%, 50% , 75%, 90% or more intracellular cGMP

compared to naturally occurring GC-C angonists. Optionally, the GCRA peptides of the

invention of the invention stimulate 5%, 10%, 20%, 30%, 40%, 50% , 75%, 90% or more

intracellular cGMP compared SP-304 (SEQ ID NO:1). In further embodiments, the GCRA

peptide stimulates apoptosis, e.g., programmedcell death or activate the cystic fibrosis

transmembrane conductance regulator (CFTR). In some embodimenst the GCRA peptides

described herein are more stable than naturally occurring GC-C agonists and/or SP-304 (SEQ ID

NO:1), SP-339 (SEQ ID NO: 55) or SP-340 (SEQ ID NO: 56). By morestable it is meant that

the peptide degrade less and/or more slowly in simulated gastric fluid and/or simulated ntestinal

fluid compared to naturally occurring GC-C angonists and/or SP-304. For example, the GCRA

peptide of the invention degrade 2%, 3%, 5%, 10%, 15%, 20%, 30%, 40%, 50% , 75%, 90% or

less compared to naturally occurring GC-C angonists and/or SP-304, SP-339 or SP-340.
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As used herein PEG3, 3 PEG,is meant to denote polyethylene glycol such as include

aminocthyloxy-cthyloxy-acctic acid (AccA). As used herein,(e.g., in Formulas I- XVII, SEQ ID

NO:45-54 and SEQ ID NO:87-98) Xaa is any any natural, unnatural amino acid or amino acid

analogue; Maa is a Cysteine (Cys), Penicillamine (Pen) homocysteine, or 3-mercaptoproline;

Xaani iS Meant to denote an amino acid sequence of any any natural, unnatural amino acid or

amino acid analoguethat is one, two or three residues in length; Xaa,. is meant to denote an

amino acid sequence of any any natural, unnatural amino acid or amino acid analoguc thatis

zcro or one residucin length; and Xaay3is meant to denote an amino acid sequence of any any

natural, unnatural amino acid or aminoacid analogucthat is zcro, onc, two, three, four , five or

six residues in length. Additionally, any amino acid represented by Xaa, Xaaq1, XAan2,or XAAp3

may be an L-amino acid, a D-aminoacid, a methylated amino acid or any combination of

thereof. Optionally, amy GCRA peptide represented by Formulas I-VIT may contain on or more

polyethylene glycol residues at the the N- terminus, C-terminus or both. An exemplary

polyethylene glycol include aminoethyloxy-ethyloxy-acetic acid and polymersthereof.

In some embodiments, GCRA peptides include peptides containing the amino acid

sequence of Formula I, wherein at at least one amino acid of Formula J is a D-amino acid or a

methylated amino acid and/or the amino acid at position 16 is a serine. Preferably, the amino

acid at position 16 of Formula I is a D-amino acid or a methylated amino acid. For example, the

amino acid at position 16 of FormulaI is a d-leucine or a d-serine. Optionally, one or more of

the aminoacids at position 1-3 of Formula I are D-amino acids or methylated amino acids or a

combination of D-amino acids or methylated amino acids. For example, Asnl, Asp2 or Glu3 (or

a combination thereof) of Formula J is a D-amino acids or a methylated aminoacid. Preferably,

the aminoacid at position Xaa° of Formula I isa leucine, serine or tyrosine.

In alternative embodiments, GCRA peptides include peptides containing containing the

amino acid sequence of Formula IT, wherein at least one amino acid of Formula IT is a D-amino

acid or a methylated amino acid. Preferably, the amino acid denoted by Xaa,2 of FormulaIJ is a

D-aminoacid or a methylated amino acid. In some embodimenst the amino acid denoted by

Xaay2 of Formula II is a leucine, d-leucine, serine or d-serine. Preferably, the one or moreof the

amino acids denoted by Xaa,; of Formula IJ is a D-aminoacid or a methylated amino acid.

Preferably, the amino acid at position Xaa° of Formula II is a leucine, serine or tyrosine.
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In some embodiments, GCRA peptides include peptides containing the amino acid

sequence of Formula III, whercin 1) at at least one amino acid of Formula I is a D-aminoacid or

a methylated amino acid and/or 2) Maais not a cysteine. Preferably, the amino acid denoted by

Xaay of Formula II] is a D-amino acid or a methylated amino acid. In some embodimentsthe

amino acid denoted by Xaan2 of Formula ILI is a leucine, d-leucine, serine or d-serine.

Preferably, the one or more of the amino acids denoted by Xaa,; of Formula IT is a D-amino

acid or a methylated amino acid. Preferably, the aminoacid at position Xaa° of Formula II is a

lcucine, scrine or tyrosine.

In other embodiments, GCRA peptides include peptides containing containing the amino

acid sequence of Formula IV, wherein at least one amino acid of Formula IV is a D-aminoacid

or a methylated amino acid and/or 2) Maa is not a cysteine. Preferably, the Xaa,2 of Formula [V

is a D-amino acid or a methylated amino acid. In some embodimenst the amino acid denoted by

Xaa,2 of Formula IV is a leucine, d-leucine, serine or d-serine. Preferably, the one or more of the

amino acids denoted by Xaa,, of Formula IV is a D-amino acid or a methylated aminoacid.

Preferably, the amino acid denoted Xaa° of Formula IV is a leucine , serine or tyrosine. In

further embodiments, GCRA peptides include peptides containing containing the amino acid

sequence of Formula V, wherein at at least one amino acid of Formula V is a D-aminoacid or a

methylated amino acid. Preferably, the amino acid at position 16 of Formula V is a D-amino

acid or a methylated amino acid. For example, the aminoacidat position 16 (i.e., Xaa'°) of

Formula V is a d-leucine or a d-serine. Optionally, one or more of the aminoacids at position 1-

3 of Formula V are D-aminoacids or methylated amino acids or a combination of D-amino acids

or methylated amino acids. For example, Asnl, Asp2 or Glu3 (or a combination thereof) of

Formula V is a D-aminoacids or a methylated amino acid. Preferably, the amino acid denoted at

Xaa‘ of Formula V isa Icucine, serine or tyrosine.

In additional embodiments, GCRApeptides include peptides containing containing the

amino acid sequence of Formula VI, VII, VIII, Ix. Preferably, the amino acid at position 6 of

Formula VI, VII, VUI, IX. is a leucine, serine or tyrosine. In some aspects the amino acid at

position 16 of Formula VI, VI, VHI, [X is a leucine or a serine. Preferably, the amino acid at

position 16 of Formula V is a D-aminoacid or a methylated amino acid.
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In prefered embodiments, the GCRA peptide is SP-332 (SEQ ID NO:8), SP-333 (SEQ ID

NO:9) or SP-334 (SEQ ID NO:10).

In additional embodiments, GCRA peptides include peptides containing containing the

amino acid sequence of Formula X, XI, XII, XT, XIV, XV, XVI or XVII. Optionally, one or

more amino acids of Formulas X, XI, XII, XIII, XIV, XV, XVI or XVII is a D-amino acid or a

methylated amino acid. Preferably, the amino acid at the carboxy terminus ofthe peptides

according to Formulas X, XI, XII, XII, XTV, XV, XVI or XVII is a D-amino acid or a

methylated amino acid. For example the the aminoacid at the carboxy terminus of the peptides

according to Formulas X, XI, XII, XTH, XIV, XV, XVI or XVII is a D-tyrosine

Preferably, the amino acid denoted by Xaa° of Formula XIV is a tyrosine, phenyalanine

or a serine. Most preferably the amino acid denoted by Xaa° of Formula XIV is a phenyalanine

ora serine. Preferably, the amino acid denoted by Xaa‘ of Formula XV, XVlor XVIlisa

tyrosine, phenyalanineor a serine. Most preferably, the amino acid position Xaa‘ of Formula V,

XVI or XVII is a phenyalanineor a serine.

In prefered embodiments, the GCRA peptide is SP-353 (SEQ ID NO:58) or SP-354 (SEQ

ID NO:59).

In certain embodiments, one or more amino acids of the GCRA peptides can be

replaced by a non-naturally occurring aminoacid or a naturally or non-naturally occurring amino

acid analog. There are many amino acids beyondthe standard 20 (Ala, Arg, Asn, Asp, Cys, Gln,

Glu, Gly, His, Ile, Leu, Lys, Met, Phe, Pro, Ser, Thr, Trp, Tyr, and Val). Someare naturally-

occurring others are not. (See, for example, Hunt, The Non-Protein Amino Acids: In Chemistry

and Biochemistry of the Amino Acids, Barrett, Chapman and. Hall, 1985). For example, an

aromatic amino acid can be replaced by 3,4-dihydroxy-L-phenylalanine, 3-iodo-L-tyrosine,

triiodothyronine, L-thyroxine, phenylglycine (Phg) or nor-tyrosine (norTyr). Phg and norTyr and

other amino acids including Phe and Tyr can be substituted by, e.g., a halogen, -CH3, -OH,-

CH2NH3, -C(O)H, -CH2CH3, - CN, -CH2CH2CH3, -SH,or another group. Any aminoacid

can be substituted by the D-form of the aminoacid.

With regard to non-naturally occurring aminoacidsor naturally and non-naturally

occurring amino acid analogs, a number of substitutions in the polypeptide and agonists

described herein are possible alone or in combination.
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For example, glutamineresidues can be substituted with gamma-Hydroxy-Glu or

gamma- Carboxy-Glu. Tyrosine residucs can be substituted with an alpha substituted amino acid

such as L-alpha-methylphenylalanine or by analogues such as: 3-Amino-Tyr; Tyr(CH3);

Tyr(PO03(CH3)2); Tyr(SO3H); beta-Cyclohexyl-Ala; beta-(1-Cyclopentenyl)-Ala; beta-

Cyclopentyl-Ala; beta-Cyclopropyl-Ala; beta-Quinolyl-Ala; beta-(2-Thiazolyl)-Ala; beta-

(Triazole-l-yl)-Ala; beta-(2-Pyridyl)-Ala; beta-(3-Pyridyl-Ala; Amino-Phe; Fluoro-Phe;

Cyclohexyl-Gly; tBu-Gly; beta-(3-benzothicnyl)-Ala; beta-(2-thicnyl)-Ala; 5-Mcthyl-Trp; and

A- Methyl-Trp. Proline residucs can be substituted with homopro (L-pipecolic acid); hydroxy-

Pro; 3,4-Dchydro-Pro; 4-fluoro-Pro; or alpha-mcthyl-Pro or an N(alpha)-C(alpha) cyclized

amino acid analogues with the structure: n = 0, 1, 2, 3 Alanine residues can be substituted with

alpha-substitued or N-methylated amino acid such as alpha-amino isobutyric acid (aib), L/D-

alpha-ethylalanine (L/D-isovaline), L/D-methylvaline, or L/D-alpha-methylleucine or a non-

natural amino acid such as beta-fluoro-Ala. Alanine can also be substituted with: n = 0, 1, 2, 3

Glycine residues can be substituted with alpha-amino isobutyric acid (aib) or L/D-alpha-

ethylalanine (L/D-isovaline).

Further examples of unnatural amino acids include: an unnatural analog of tyrosine; an

unnatural analogue of glutamine; an unnatural analogue of phenylalanine; an unnatural analogue

of serine; an unnatural analogueof threonine; an alkyl, aryl, acyl, azido, cyano, halo, hydrazine,

hydrazide, hydroxyl, alkenyl, alkynl, ether, thiol, sulfonyl, seleno, ester, thioacid, borate,

boronate, phospho, phosphono, phosphine, heterocyclic, enone, imine, aldehyde, hydroxylamine,

keto, or amino substituted amino acid, or any combination thereof; an amino acid with a

photoactivatable cross-linker; a spin-labeled amino acid; a fluorescent amino acid; an amino acid

with a novel functional group; an aminoacid that covalently or noncovalently interacts with

another molecule; a metal binding amino acid; an amino acid that is amidated ata site that is not

naturally amidated, a metal-containing amino acid; a radioactive amino acid; a photocaged

and/or photoisomerizable amino acid; a biotin or biotin-analogue containing aminoacid; a

glycosylated or carbohydrate modified amino acid; a keto containing amino acid; amino acids

comprising polyethylene glycol or polyether; a heavy atom substituted amino acid (e¢.g., an

amino acid containing deuterium,tritium, Bc, BN, or '80); a chemically cleavable or

photocleavable amino acid; an amino acid with an elongated side chain; an amino acid

containing a toxic group; a sugar substituted aminoacid, e.g., a sugar substituted serine or the
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like; a carbon-linked sugar-containing amino acid; a redox-active amino acid; an o-hydroxy

containing acid; an aminothio acid containing aminoacid; an a, o disubstituted amino acid; a B-

amino acid; a cyclic amino acid other than proline; an O-methyl-L-tyrosine; an L-3-(2-

naphthyl)alanine; a 3-methyl-phenylalanine; a p-acetyl-L-phenylalanine; an O-4-allyl-L-tyrosine;

a 4-propyl-L-tyrosine; a tri-O-acetyl-GlcNAc B -serine; an L-Dopa; a fluorinated phenylalanine;

an isopropyl-L-phenylalanine; a p-azido-L-phenylalanine; a p-acyl-L-phenylalanine; a p-

benzoyl-L-phenylalanine; an L-phosphoscrinc; a phosphonoscrinc; a phosphonotyrosinc; a p-

iodo-phenylalanine; a 4-fluorophenylglycine; a p-bromophenylalanine; a p-amino-L-

phenylalanine; an isopropyl-L-phcnylalaninc; L-3-(2-naphthylalanine; D- 3-(2-naphthylalanine

(dNal); an amino-, isopropyl-, or O-allyl-containing phenylalanine analogue; a dopa, 0-methyl-

L-tyrosine; a glycosylated aminoacid; a p-(propargyloxy)phenylalanine; dimethyl-Lysine;

hydroxy-proline; mercaptopropionic acid; methyl-lysine; 3-nitro-tyrosine; norleucine; pyro-

glutamic acid; Z (Carbobenzoxyl); e-Acetyl-Lysine; B-alanine; aminobenzoyl derivative;

aminobutyric acid (Abu); citrulline; aminohexanoic acid; aminoisobutyric acid (ATB);

cyclohexylalanine; d-cyclohexylalanine; hydroxyproline; nitro-arginine; nitro-phenylalanine;

nitro-tyrosine; norvaline; octahydroindole carboxylate; ornithine (Orn); penicillamine (PEN);

tetrahydroisoquinoline; acetamidomethyl protected amino acids and pegylated amino acids.

Further examples of unnatural amino acids and amino acid analogs can be found in U.S.

20030108885, U.S. 20030082575, US20060019347 (paragraphs 410-418) and the references

cited therein. The polypeptides of the invention can include further modifications including those

described in US20060019347, paragraph 589. Exempary GCRA peptides which include a nOn-

naturally occurring amino acid include for example SP-368 and SP-369.

In some embodiments, an aminoacid can be replaced by a naturally-occurring, non-

essential amino acid, é.g., taurine.

Alternatively, the GCRA peptides are cyclic peptides. GCRA cyclic peptide are prepared

by methods known in the art. For cxample, macrocyclization is often accomplished by forming

an amide bond between the peptide N- and C-termini, between a side chain and the N- or

C-terminus [e.g., with K3Fe(CN). at pH 8.5] (Samsonet al., Endocrinology, 137: 5182-5185

(1996)), or between two aminoacid side chains, such as cysteine. See, ¢.g., DeGrado, Adv

Protein Chem, 39: 51-124 (1988). In various aspects the GCRA peptidesare [4,12; 7,15]

bicycles.
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In some GCRA peptides one or both membersof oneor both pairs of Cys residues which

normally form a disulfide bond can be replaced by homocysteine, penicillamine, 3-

mercaptoproline (Kolodziej et al. 1996 Int J Pept Protein Res 48:274); B, B dimethylcysteine

(Huntet al. 1993 Int JPept Protein Res 42:249) or diaminopropionic acid (Smith et al. 1978 J

Med Chem 2 1:117) to form alternative internal cross-links at the positions of the normal

disulfide bonds.

In addition, one or more disulfide bonds can be replaced by alternative covalent cross-

links, e.g., an amide linkage (-CH2CH(O)NHCH2- or -CH2NHCH(O)CH 2-), an ester linkage,

a thioester linkage, a lactam bridge , a carbamoyl linkage, a urea linkage, a thiourea linkage, a

phosphonate ester linkage, an alkyl linkage (-CH2CH2CH2CH2-), an alkenyl linkage(-CH

2CH=CHCH2-), an ether linkage (-CH2CH20CH2- or -CH20CH2CH2-),a thioether linkage(-

CH2CH2SCH?2- or - CH2SCH2CH2-), an amine linkage (-CH2CH2NHCH2- or -CH2NHCH

2CH2-) or a thioamide linkage (-CH2CH(SJHNHCH2- or -CH2NHCH(S)CH2-). For example,

Ledu ct al. (Proc Nat'l Acad. Sei. 100:11263-78, 2003) describe methods for preparing lactam

and amide cross-links. Exemplary GCRA peptides which include a lactam bridge include for

example SP-370.

The GCRA peptides can have one or more conventional polypeptide bonds replaced by

an alternative bond. Such replacements can increase the stability of the polypeptide. For

example, replacement of the polypeptide bond between a residue amino terminal to an aromatic

residue (e.g. Tyr, Phe, Trp) with an alternative bond can reduce cleavage by carboxy peptidases

and may increasehalf-life in the digestive tract. Bonds that can replace polypeptide bonds

include: a retro-inverso bond (C(O)-NHinstead ofNH-C(O); a reduced amide bond (NH-CH2);

a thiomethylene bond (S-CH2 or CH2-S); an oxomethylene bond (0-CH 2 or CH2-O); an

ethylene bond (CH2-CH2); a thioamide bond (C(S)-NH); a trans-olefine bond (CH=CH); a

fiuoro substituted trans-olefme bond (CF=CH); a ketomethylene bond (C(O)-CHR or CHR-C(O)

wherein R is H or CH3; and a fluoro-ketomethylene bond (C(O)-CFR or CFR-C(QO) wherein R is

H or F or CH3.

The GCRA peptides can be modified using standard modifications. Modifications may

occurat the amino (N-), carboxy (C-) terminus, intcrnally or a combination of any of the

preceeding. In one aspect described herein, there may be more than one type of modification on
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the polypeptide. Modifications include but are not limited to: acetylation, amidation,

biotinylation, cinnamoylation, farncsylation, formylation, myristoylation, palmitoylation,

phosphorylation (Ser, Tyr or Thr), stearoylation, succinylation, sulfurylation and cyclisation (via

disulfide bridges or amide cyclisation), and modification by Cys3 or Cys5. The GCRA peptides

described herein may also be modified by 2, 4-dinitrophenyl (DNP), DNP-lysine, modification

by 7-Amino-4-methyl- coumarin (AMC), flourescein, NBD (7-Nitrobenz-2-Oxa-l,3-Diazole), p-

nitro-anilidc, rhodamine B, EDANS (5-((2-aminocthyDamino)naphthalene-|- sulfonic acid),

dabcyl, dabsyl, dansyl, texas red, FMOC, and Tamra (Tctramethylrhodaminc). The GCRA

peptides described herein may also be conjugated to, for cxample, polycthylence glycol (PEG);

alkyl groups(e.g., C1-C20 straight or branched alkyl groups); fatty acid radicals; combinations

of PEG,alkyl groups andfatty acid radicals (See, U.S. Patent 6,309,633; Soltero et al., 2001

Innovations in Pharmaceutical Technology 106-110); BSA and KLH (Keyhole Limpet

Hemocyanin). The addition of PEG and other polymers which can be used to modify

polypeptides of the invention is described in US20060 19347 section IX.

Also included in the invention are peptides that biologically or functional equivalent to

the peptides described herein. The term "biologically equivalent” or functional equivalent”is

intended to mean that the compositions of the present invention are capable of demonstrating

someor all of the cGMP production modulatory effects.

GCRApeptides can also include derivatives of GCRA peptides which are intended to

include hybrid and modified forms of GCRA peptides in which certain amino acids have been

deleted or replaced and modifications such as where one or more amino acids have been changed

to a modified amino acid or unusual amino acid and modifications such as glycosylation so long

the modified form retains the biological activity of GCRA peptides. By retaining the biological

activity, itis meant that cGMPandor apoptosis is induced by the GCRA peptide, although not

necessarily at the same level ofpotency as that of a naturally-occurring GCRA peptide

identified.

Preferred variants are those that have conservative aminoacid substitutions made at one

or more predicted non-essential amino acid residucs. A "conscrvative amino acid substitution” is

one in which the amino acid residue is replaced with an amino acid residuc having a similar side

chain. Familics of amino acid residucs having similar side chains have been defined in theart.
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These families include amino acids with basic side chains(e.g., lysine, arginine, histidine), acidic

side chains (e.g., aspartic acid, glutamic acid), uncharged polar side chains (e.g., glycine,

asparagine, glutamine,serine, threonine, tyrosine, cysteine), nonpolar side chains(e.g., alanine,

valine, leucine, isoleucine, proline, phenylalanine, methionine, tryptophan), beta-branchedside

chains (e.g., threonine, valine, isoleucine) and aromatic side chains(e.g., tyrosine, phenylalanine,

tryptophan,histidine). Thus, a predicted nonessential amino acid residue in a GCRA polypeptide

is replaced with another amino acid residuc from the same side chain family. Altcrnatively, in

another embodiment, mutations can be introduced randomly along all or part of aGCRA coding

sequence, such as by saturation mutagenesis, and the resultant mutants can be screened to

identify mutants that retain activity.

Also included within the meaning of substantially homologous is any GCRA peptide

which maybe isolated by virtue of cross-reactivity with antibodies to the GCRA peptide.

PREPARATION OF GCRA PEPTIDES

GCRA peptidesare easily prepared using modern cloning techniques, or may be

synthesized by solid state methods or by site-directed mutagenesis. A GCRA peptide may

include dominant negative forms of a polypeptide.

Chemical synthesis may generally be performed using standard solution phase or solid

phase peptide synthesis techniques, in which a peptide linkage occurs throughthe direct

condensation of the amino group of onc amino acid with the carboxy group of the othcr amino

acid with the elimination of a water molecule. Peptide bond synthesis by direct condensation, as

formulated above, requires suppression of the reactive character of the amino group ofthe first

and of the carboxyl group of the second. amino acid. The masking substituents must permit their

ready removal, without inducing breakdownofthe labile peptide molecule.

In solution phase synthesis, a wide variety of coupling methods and protecting groups

may be used (See, Gross and Mcicnhofer, cds., "The Peptides: Analysis, Synthesis, Biology,”

Vol. 1-4 (Academic Press, 1979); Bodansky and Bodansky, "The Practice of Peptide Synthesis,”

2d ed. (Springer Verlag, 1994)). In addition, intermediate purification and linear scale up are

possible. Those of ordinary skill in the art will appreciate that solution synthesis requires

consideration of main chain and side chain protecting groups and activation method. In addition,

careful segment selection is necessary to minimize racemization during segment condensation.
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Solubility considerations are also a factor. Solid phase peptide synthesis uses an insoluble

polymerfor support during organic synthesis. The polymer-supported peptide chain permits the

use of simple washingandfiltration steps instead of laborious purifications at intermediate steps.

Solid-phase peptide synthesis may generally be performed according to the method of Merrifield

et al., J. Am. Chem. Soc., 1963, 85:2149, which involves assembling a linear peptide chain on a

resin support using protected amino acids. Solid phase peptide synthesis typically utilizes either

the Boc or Fmocstrategy, which are well known in theart.

Those of ordinary skill in the art will recognize that, in solid phase synthesis,

deprotection and coupling reactions must go to completion and the side-chain blocking groups

must be stable throughout the synthesis. In addition, solid phase synthesis is generally most

suitable when peptides are to be made on a small scale.

Acetylation of the N-terminal can be accomplished by reacting the final peptide with

acetic anhydride before cleavage from the resin. C-amidation is accomplished using an

appropriate resin such as methylbenzhydrylamine resin using the Boc technology.

Alternatively the GCRA peptides are produced by modern cloning techniques For

example, the GCRA peptides are produced either in bacteria including, without limitation, E.

coli, or in other existing systems for polypeptide or protein production (e.g., Bacillus subtilis,

baculovirus expression systems using Drosophila Sf9 cells, yeast or filamentous fungal

expression systems, mammalian cell expression systems), or they can be chemically synthesized.

If the GCRA peptide or variant peptide is to be produced in bacteria, e.g., E. coli, the nucleic

acid molecule encoding the polypeptide may also encode a leader sequence that permits the

secretion of the mature polypeptide from the cell. Thus, the sequence encoding the polypeptide

can include the pre sequenceand the pro sequenceof, for example, a naturally-occurring

bacterial ST polypeptide. The secreted, mature polypeptide can be purified from the culture

medium.

The sequence encoding a GCRA peptide described herein can be inserted into a vector

capable of delivering and maintaining the nucleic acid molecule in a bacterial cell. The DNA

molecule may beinserted into an autonomously replicating vector (suitable vectors include, for

example, pGEM3Z and pcDNA3, and derivatives thereof). The vector nucleic acid may be a

bacterial or bacteriophage DNA such as bacteriophage lambda or M13 and derivatives thereof.
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Construction of a vector containing a nucleic acid described herein can be followed by

transformation of a host ccll such as a bactcrium. Suitable bacterial hosts include but are not

limited to, E. coli, B subtilis, Pseudomonas, Salmonella. The genetic construct also includes, in

addition to the encoding nucleic acid molecule, elements that allow expression, such as a

promoter and regulatory sequences. The expression vectors may contain transcriptional control

sequencesthat control transcriptional initiation, such as promoter, enhancer, operator, and

repressor sequences.

A variety of transcriptional control sequences are well knownto those in the art. The

expression vector can also include a translation regulatory sequence (é.g., an untranslated 5’

sequence, an untranslated 3' sequence, or an internal ribosomeentry site). The vector can be

capable of autonomousreplication or it can integrate into host DNA to ensure stability during

polypeptide production.

The protein coding sequence that includes a GCRA peptide described herein can also be

fused to a nucleic acid encoding a polypeptide affinity tag, e.g., glutathione S-transferase (GST),

maltose E binding protein, protein A, FLAG tag, hexa-histidine, myc tag or the influenza HA

tag, in orderto facilitate purification. The affinity tag or reporter fusion joins the reading frame

of the polypeptide of interest to the reading frame of the gene encodingthe affinity tag such that

a translational fusion is generated. Expression of the fusion generesults in translation of a single

polypeptide that includes both the polypeptide of interest and the affinity tag. In some instances

whereaffinity tags are utilized, DNA sequence encoding a protease recognition site will be fused

between the reading frames for the affinity tag and the polypeptide ofinterest.

Genetic constructs and methods suitable for production of immature and mature forms of

the GCRA peptides and variants described herein in protein expression systems other than

bacteria, and well knownto those skilled in the art, can also be used to produce polypeptides in a

biological system.

The peptides disclosed herein may be modified by attachment of a second molecule that

confers a desired property upon the peptide, such as increased half-life in the body, for example,

pegylation. Such modifications also fall within the scope of the term "variant" as used herein.
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THERAPEUTIC METHODS

The present invention provides for both prophylactic and therapeutic methodsoftreating

a subject at risk of (or susceptible to) a disorder or having a disorder associated that is mediated

by guanylate cyclase receptor agonists. Disorders mediated by the guanylate cyclase receptor

agonists include gastrointestinal disorders, inflammatory disorders, lung disorders, cancer,

cardiac disorders, eye disorders, oral disorders, blood disorders, liver disorders, skin disorders,

prostate disorders, endocrine disorders, increasing gastrointestinal motility

and obesity.Gastointestinal disorders include for example, irritable bowel syndrome (IBS), non-

ulcer dyspepsia, chronic intestinal pseudo-obstruction, functional dyspepsia, colonic pseudo-

obstruction, duodenogastric reflux, gastroesophageal reflux disease (GERD)ileus (e.g., post-

operative ileus), gastroparesis, heartburn (high acidity in the GI tract), constipation (e.g.,

constipation associated with use of medications such as opioids, osteoarthritis drugs,

osteoporosis drugs; post surigical constipation, constipation associated with neuropathic

disorders. Inflammatory disorders include tissue and organ inflammation such as kidney

inflammation (c.g., nephritis), gastrointestinal system inflammation (e.g., Crohn’s disease and

ulcerative colitis); pancreatic inflammation (e.g., pancreatis), lung inflammation (e.g., bronchitis

or asthma) or skin inflammation(e.g., psoriasis, eczema) . Lung Disorders include for example

chronic obstructive pulmonary disease ( COPD), and fibrosis. Cancer includestissue and organ

carcinogenesis including metatases such as for example gastrointestinal cancer,( e.g., gastric

cancer, esophageal cancer, pancreatic cancer colorectal cancer, intestinal cancer, anal cancer,

liver cancer, gallbladder cancer, or colon cancer; lung cancer; thyroid cancer; skin cancer(e.g.,

melanoma); oral cancer; urinary tract cancer (e.g. bladder cancer or kidney cancer); blood cancer

(e.g. myelomaor leukemia) or prostate cancer. Cardiac disorders include for example,

congestive heart failure, trachea cardia hypertension, high cholesterol, or high tryglyccrides.

Liver disorders include for example cirrhosis and fibrosis. Eye disorders include for example

increased intra-ocular pressure, glaucoma, dry cyes retinal degencration, disorders of tear glands

or cye inflammation. Skin disorders include for example xcrosis. Oral disorders include for

example dry mouth (xerostomia), Sjégren's syndrome, gum diseases(e.g., periodontal disease),

or salivary gland duct blockage or malfunction. Prostate disorders include for example benign

prostatic hyperplasia (BPH). Endocrine disorders include for example diabetes mellitus,

hyperthyroidism, hypothyroidism, and cystic fibrosis.
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The term “treatment” refers to reducing or alleviating symptomsin a subject, preventing

symptoms from worscning or progressing, and/or preventing discasc in a subject whois free

therefrom. For a given subject, improvement in a symptom,its worsening, regression, or

progression may be determined by any objective or subjective measure. Efficacy of the

treatment may be measured as an improvement in morbidity or mortality (e.g., lengthening of

survival curve for a selected population). Thus, effective treatment would include therapy of

existing discasc, control of discasc by slowing or stopping its progression, prevention of discasc

occurrence, reduction in the numberor severity of symptoms, or a combination thereof. The

effect may be shownin a controlled study using onc or morestatistically significant critcria.

Intracellular cGMP induced by exposing,e.g., contacting a tissue (e.g., gastrointestinals

tissue) or cell with GCRA agonists. GC-C receptors are expressed throughout the GI tract

starting from esophagus, duodenum, jejunum,ilium, caecum and colon. Human colon cancer

cell lines (T81, CaCo-2 and HT-29) also express GC-C receptors. By inducing is meant an

increase in CGMPproduction comparedto a tissue or cell that has not been in contact with

GCRA peptide or variant. Tissuesor cells are directly contacted with a GCRA peptide or

variant. Alternatively, the GCRA peptide or variant is administered systemically. GCRA

peptide or variant are administered in an amountsufficient to increase intracellular cGMP

concentration. cGMP production is measured by a cell-based assay known in the art (25).

Disorders are treated, prevented or alleviated by administering to a subject, ¢.g., a

mammalsuch as a human in needthereof, a therapeutically effective dose of a GCRA peptide.

The GCRA peptides may be in a pharmaceutical composition in unit dose form, together with

one or more pharmaceutically acceptable excipients. The term “unit dose form”refers to a single

drug delivery entity, e.g., a tablet, capsule, solution or inhalation formulation. The amount of

peptide present should be sufficient to have a positive therapeutic effect when administered to a

patient (typically, between 10 pg and 3 g). What constitutes a “positive therapeutic effect” will

depend uponthe particular condition being treated and will include any significant improvement

in a condition readily recognized by one ofskill in theart.

The GCRA peptides can be administered alone or in combination with other agents. For

example the GCRA peptides can be administered in combination with inhibitors of cGMP

dependent phosphodiesterase, such as, for example, suldinac sulfone, zaprinast, motapizone,

vardenafil or sildenifil; one or more other chemotherapeutic agents; or anti-inflammatory drugs
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such as, for example, steroids or non-steroidal anti-inflammatory drugs (NSAIDS), such as

aspirin.

Combination therapy can be achieved by administering two or more agents, e.g., a GCRA

peptide described herein and another compound, each of which is formulated and administered

separately, or by administering two or more agents in a single formulation. Other combinations

are also encompassed by combination therapy. For example, two agents can be formulated

together and administered in conjunction with a scparate formulation containing a third agent.

While the two or more agents in the combination therapy can be administered simultancously,

they need not be. For cxamplc, administration ofa first agent (or combination of agents) can

precede administration of a second agent (or combination of agents) by minutes, hours, days, or

weeks. Thus, the two or more agents can be administered within minutes of each other or within

1, 2, 3, 6, 9, 12, 15, 18, or 24 hours ofeach other or within 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 14 days

of each other or within 2, 3, 4, 5, 6, 7, 8, 9, or 10 weeks of each other. In some cases even longer

intervals are possible. While in many casesit is desirable that the two or more agents used in a

combination therapy be present in within the patient's body at the same time,this need not be so.

The GCRA peptides described herein may be combined with phosphodiesterase

inhibitors, ¢.g., sulindae sulfone, Zaprinast, sildenafil, vardenafil or tadalafil to further enhance

levels of cGMP in the target tissues or organs.

Combination therapy can also include two or more administrations of one or more of the

agents used in the combination. For example, if agent X and agent Y are used in a combination,

one could administer them sequentially in any combination one or moretimes, e.g., in the order

X-Y- X, X-X-Y, Y-X-Y,Y-Y-X,X-X-Y-Y,etc.

Combination therapy can also include the administration of two or more agents via

different routes or locations. For example, (a) one agent is administered orally and another

agents is administered intravenously or (b) one agent is administered orally and anotheris

administered locally. In each case, the agents can either simultaneously or sequentially.

Approximated dosages for some of the combination therapy agents described herein are found in

the "BNF Recommended Dosc" column of tables on pages 11-17 of WO01/76632 (the data in

the tables being attributed to the March 2000 British National Formulary) and can also be found
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in other standard formularies and other drug prescribing directories. For some drugs, the

customary presecribed dose for an indication will vary somewhat from country to country.

The GCRA peptides, alone or in combination, can be combined with any

pharmaceutically acceptable carrier or medium. Thus, they can be combined with materials that

do not produce an adverse,allergic or otherwise unwanted reaction when administered to a

patient. The carriers or mediums used can include solvents, dispersants, coatings, absorption

promoting agents, controlled release agents, and one or more inert excipients (which include

starches, polyols, granulating agents, microcrystalline cellulose (e.g. celphere, Celphere beads®),

diluents, lubricants, binders, disintegrating agents, and the like), etc. If desired, tablet dosages of

the disclosed compositions may be coated by standard aqueous or nonaqueous techniques.

A pharmaceutical composition of the invention is formulated to be compatible with its

intended route of administration. Examples of routes of administration include parenteral, e.¢g.,

intravenous, intradermal, subcutaneous,oral (e.g., inhalation), transdermal (topical),

transmucosal, and rectal administration. Solutions or suspensions used for parenteral,

intradermal, or subcutaneous application can include the following components:a sterile diluent

such as water for injection, saline solution, fixed oils, polyethylene glycols, glycerine, propylene

glycol or other synthetic solvents; antibacterial agents such as benzyl alcohol or methyl

parabens; antioxidants such as ascorbic acid or sodium bisulfite; chelating agents such as

ethylenediaminetetraacetic acid; buffers such as acetates, citrates or phosphates, and agents for

the adjustment of tonicity such as sodium chloride or dextrose. The pH can be adjusted with

acids or bases, such as hydrochloric acid or sodium hydroxide. The parenteral preparation can

be enclosed in ampoules, disposable syringes or multiple dose vials made ofglass orplastic.

Pharmaceutical compositions suitable for injectable use includesterile aqueous solutions

(where water soluble) or dispersions and sterile powders for the extemporaneouspreparation of

sterile injectable solutions or dispersion. For intravenous administration, suitable carriers

include physiological saline, bacteriostatic water, Cremophor EL'™(BASF,Parsippany, N.J.) or

phosphate buffered saline (PBS). In all cases, the composition must be sterile and should be

fluid to the extent that easy syringeability exists. It must be stable under the conditions of

manufacture and storage and must be preserved against the contaminating action of

microorganisms such as bacteria and fungi. The carrier can be a solvent or dispersion medium
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containing, for example, water, ethanol, polyol (for example, glycerol, propylene glycol, and

liquid polycthylene glycol, and the like), and suitable mixtures thereof. The properfluidity can

be maintained, for example, by the use of a coating such as lecithin, by the maintenance of the

required particle size in the case of dispersion and bythe use of surfactants. Prevention of the

action of microorganisms can be achieved by various antibacterial and antifungal agents, for

example, parabens, chlorobutanol, phenol, ascorbic acid, thimerosal, and the like. In many

cases, it will be preferable to include isotonic agents, for example, sugars, polyalcohols such as

manitol, sorbitol, sodium chloride in the composition. Prolonged absorption of the injectable

compositions can be brought about by including in the composition an agent which delays

absorption, for example, aluminum monostearate and gelatin.

Sterile injectable solutions can be prepared by incorporating the active compound(e.g., a

GCRA agonist) in the required amountin an appropriate solvent with one or a combination of

ingredients enumerated above, as required, followedby filtered sterilization. Generally,

dispersions are prepared by incorporating the active compound into a sterile vehicle that contains

a basic dispersion medium and the required other ingredients from those enumerated above. In

the case of sterile powders for the preparation ofsterile injectable solutions, methods of

preparation are vacuum drying andfreeze-drying that yields a powderofthe active ingredient

plus any additional desired ingredient from a previously sterile-filtered solution thereof.

Oral compositions generally include an inert diluent or an edible carrier. Such as

mannitol, fructooligosaccharides, polyethylene glycol and other excepients. They can be

enclosed in gelatin capsules or compressed into tablets. For the purpose oforal therapeutic

administration, the active compound can be incorporated with excipients and used in the form of

tablets, troches, or capsules. Oral compositions can also be prepared using a fluid carrier for use

as a mouthwash, wherein the compound in the fluid carrier is applied orally and swished and

expectorated or swallowed. Pharmaceutically compatible binding agents, and/or adjuvant

materials can be includedas part of the composition. Thetablets, pills, capsules, troches and the

like can contain any of the following ingredients, or compoundsofa similar nature: a binder

such as microcrystalline cellulose, gum tragacanth or gelatin; an excipient such as starch or

lactose, a disintegrating agent such as alginic acid, Primogel, or corn starch; a lubricant such as

magnesium stearate or Sterotes; a glidant such as colloidal silicon dioxide; a sweetening agent
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such as sucrose or saccharin; or a flavoring agent such as peppermint, methyl salicylate, or

orange flavoring.

For administration by inhalation, the compoundsare delivered in the form of an aerosol

spray from pressured container or dispenser which contains a suitable propellant, e.g., a gas such

as carbon dioxide, or a nebulizer.

Systemic administration can also be by transmucosal or transdermal means. For

transmucosal or transdermal administration, penctrants appropriate to the barricr to be permeated

are used in the formulation. Such penetrants are generally known in the art, and include, for

example, for transmucosal administration, detergents, bile salts, and fusidic acid derivatives.

Transmucosal administration can be accomplished through the use of nasal sprays or

suppositories. For transdermal administration, the active compounds are formulated into

ointments, salves, gels, or creams as generally known in theart.

The compounds can also be prepared in the form of suppositories (e.g., with conventional

suppository bases such as cocoabutter and other glycerides) or retention enemasfor rectal delivery.

In one embodiment, the active compounds are prepared with carriers that will protect the

compoundagainst rapid elimination from the body, such as a controlled release formulation,

including implants and microencapsulated delivery systems. Biodegradable, biocompatible

polymers can be used, such as ethylene vinyl acetate, polyanhydrides, polyglycolic acid,

collagen, polyorthocsters, and polylactic acid. Mcthods for preparation of such formulations will

be apparent to those skilled in the art. The materials can also be obtained commercially from

Alza Corporation and Nova Pharmaceuticals, Inc. Liposomal suspensions (including liposomes

targeted to infected cells with monoclonal antibodies to viral antigens) can also be used as

pharmaceutically acceptable carriers. These can be prepared according to methods known to

those skilled in the art, for example, as described in U.S. Pat. No. 4,522,811, incorporated fully

herein by reference.

It is especially advantageous to formulate oral or parenteral compositions in dosage unit

form for ease of administration and uniformity of dosage. Dosage unit form as used herein refers

to physically discrete units suited as unitary dosagesfor the subject to be treated; each unit

containing a predetermined quantity of active compound calculated to produce the desired

therapeutic effect in association with the required pharmaceutical carrier. The specification for
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the dosage unit forms of the invention are dictated by and directly dependent on the unique

characteristics of the active compoundandtheparticular therapeutic cffect to be achieved.

The pharmaceutical compositions can be included in a container, pack, or dispenser

together with instructions for administration.

Compositions of the present invention may also optionally include other therapeutic

ingredients, anti-caking agents, preservatives, sweetening agents, colorants, flavors, desiccants,

plasticizers, dycs, glidants, anti-adherents, anti-static agents, surfactants (wetting agents), anti-

oxidants, film- coating agents, and the like. Any such optional ingredient must be compatible

with the compound described herein to insure the stability of the formulation.

The composition may contain other additives as needed, including for exanple lactose,

glucose, fructose, galactose, trehalose, sucrose, maltose, raffnose, maltitol, melezitose,

stachyose, lactitol, palatinite, starch, xylitol, mannitol, myoinositol, and the like, and hydrates

thereof, and amino acids, for example alanine, glycine and betaine, and polypeptides and

proteins, for example albumen.

Examples of excipients for use as the pharmaceutically acceptable carriers and the

pharmaceutically acceptable inert carriers and the aforementioned additional ingredients include,

but are not limited to binders,fillers, disintegrants, lubricants, anti-microbial agents, and coating

agents such as: BINDERS: corn starch, potato starch, other starches, gelatin, natural and

synthetic gumssuch as acacia, xanthan, sodium alginate, alginic acid, other alginates, powdered

tragacanth, guar gum, cellulose andits derivatives (e.g., ethyl cellulose, cellulose acetate,

carboxymethyl cellulose calcium, sodium carboxymethyl cellulose), polyvinyl pyrrolidone(e.g.,

povidone, crospovidone, copovidone,etc), methyl cellulose, Methocel, pre-gelatinized starch

(e.g., STARCH 1500® and STARCH 1500 LM®,sold by Colorcon, Ltd.), hydroxypropyl

methyl cellulose, microcrystalline cellulose (FMC Corporation, Marcus Hook, PA, USA), or

mixtures thereof, FILLERS: talc, calctum carbonate (e.g., granules or powder), dibasic calcium

phosphate,tribasic calctum phosphate, calcium sulfate (¢.g., granules or powder),

microcrystalline cellulose, powdered cellulose, dextrates, kaolin, mannitol, silicic acid, sorbitol,

starch, pre-gelatinized starch, dextrose, fructose, honey, lactose anhydrate, lactose monohydrate,

lactose and aspartame, lactose and cellulose, lactose and microcrystalline cellulose, maltodextrin,

maltose, mannitol, microcrystalline cellulose &amp; guar gum, molasses, sucrose,or mixtures
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thereof, DISINTEGRANTS: agar-agar, alginic acid, calcium carbonate, microcrystalline

cellulose, croscarmcllose sodium, crospovidone,polacrilin potassium, sodium starch glycolate,

potato or tapioca starch, other starches, pre-gelatinized starch, clays, other algins, other

celluloses, gums (like gellan), low-substituted hydroxypropylcellulose, or mixtures thereof,

LUBRICANTS: calcium stearate, magnesium stearate, mineral oil, light mineral oil, glycerin,

sorbitol, mannitol, polyethylene glycol, other glycols, stearic acid, sodium lauryl sulfate, sodium

stcaryl fumarate, vegetable based fatty acids lubricant, talc, hydrogenated vegetable oil (e.g.,

peanut oil, cottonseed oil, sunflower oil, scsameoil, olive oil, corn oil and soybean oil), zinc

stearate, cthyl olcatc, cthyl lauratc, agar, syloid silica gel (AEROSIL 200, W.R. Grace Co.,

Baltimore, MD USA), a coagulated aerosol of synthetic silica (Deaussa Co., Piano, TX USA), a

pyrogenic silicon dioxide (CAB-O-SIL, Cabot Co., Boston, MA USA), or mixtures thereof,

ANTI-CAKING AGENTS: calcium silicate, magnesium silicate, silicon dioxide, colloidal

silicon dioxide, talc, or mixtures thereof, ANTIMICROBIAL AGENTS: benzalkonium chloride,

benzethontum chloride, benzoic acid, benzyl alcohol, butyl paraben, cetylpyridinium chloride,

cresol, chlorobutanol, dehydroacetic acid, ethylparaben, methylparaben, phenol, phenylethyl

alcohol, phenoxyethanol, phenylmercuric acetate, phenylmercuric nitrate, potassium sorbate,

propylparaben, sodium benzoate, sodium dehydroacetate, sodium propionate, sorbic acid,

thimersol, thymo, or mixtures thereof, and COATING AGENTS: sodium carboxymethyl

cellulose, cellulose acetate phthalate, ethylcellulose, gelatin, pharmaceutical glaze,

hydroxypropyl cellulose, hydroxypropyl methylcellulose (hypromellose), hydroxypropyl methyl

cellulose phthalate, methylcellulose, polyethylene glycol, polyvinyl acetate phthalate, shellac,

sucrose, titanium dioxide, camauba wax, microcrystalline wax, gellan gum, maltodextrin,

methacrylates, microcrystalline cellulose and carrageenan or mixturesthereof.

The formulation can also include other excipients and categories thereof including but not

limited to L-histidine, Pluronic®, Poloxamers (such as Lutrol® and Poloxamer 188), ascorbic

acid, glutathione, permeability enhancers (e.g. lipids, sodium cholate, acylcarnitine, salicylates,

mixed bile salts, fatty acid micelles, chelators, fatty acid, surfactants, medium chain glycerides),

protease inhibitors (e.g. soybean trypsin inhibitor, organic acids), pH lowering agents and

absorption enhancers effective to promote bioavailability (including but not limited to those

described in US6086918 and US5912014), creams andlotions (like maltodextrin and

carrageenans); materials for chewable tablets (like dextrose, fructose, lactose monohydrate,
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lactose and aspartame, lactose and cellulose, maltodextrin, maltose, mannitol, microcrystalline

ccllulose and guar gum, sorbitol crystalline); parentcrals (like mannitol and povidonc);

plasticizers (like dibutyl sebacate, plasticizers for coatings, polyvinylacetate phthalate); powder

lubricants (like glyceryl behenate); soft gelatin capsules (like sorbitol special solution); spheres

for coating (like sugar spheres); spheronization agents (like glyceryl behenate and

microcrystalline cellulose); suspending/gelling agents (like carrageenan, gellan gum, mannitol,

microcrystalline cellulose, povidone, sodium starch glycolatc, xanthan gum); swecteners(like

aspartame, aspartame and lactose, dextrose, fructose, honcy, maltodextrin, maltose, mannitol,

molasses, sorbitol crystallinc, sorbitol special solution, sucrose); wet granulation agents (like

calcium carbonate, lactose anhydrous, lactose monohydrate, maltodextrin, mannitol,

microcrystalline cellulose, povidone, starch), caramel, carboxymethylcellulose sodium, cherry

cream flavor and cherry flavor, citric acid anhydrous, citric acid, confectioner's sugar, D&C Red

No. 33, D&C Yellow #10 Aluminum Lake, disodium edetate, ethyl alcohol 15%, FD&C Yellow

No. 6 aluminum lake, FD&C Blue # 1 Aluminum Lake, FD&C Blue No. 1, FD&C blue no. 2

aluminum lake, FD&C Green No.3, FD&C Red No. 40, FD&C Yellow No. 6 Aluminum Lake,

FD&C Yellow No. 6, FD&C Yellow No.10, glycerol palmitostearate, glyceryl monostearate,

indigo carmine, lecithin, manitol, methyl and propyl parabens, mono ammonium glycyrrhizinate,

natural andartificial orange flavor, pharmaceutical glaze, poloxamer 188, Polydextrose,

polysorbate 20, polysorbate 80, polyvidone, pregelatinized corn starch, pregelatinized starch, red

iron oxide, saccharin sodium, sodium carboxymethyl ether, sodium chloride, sodium citrate,

sodium phosphate, strawberry flavor, synthetic black iron oxide, synthetic red iron oxide,

titanium dioxide, and white wax.

Solid oral dosage forms may optionally be treated with coating systems (e.g. Opadry® fx

film coating system, for cxample Opadry® bluc (OY-LS-20921), Opadry® white (YS-2-7063),

Opadry® white (YS- 1-7040), and black ink (S- 1-8 106).

The agents cither in their free form or as a salt can be combined with a polymer such as

polylactic-glycoloic acid (PLGA), poly-()-lactic-glycolic-tartaric acid (P()LGT) (WO

01/12233), polyglycolic acid (U.S. 3,773,919), polylactic acid (U.S. 4,767,628), poly( é-

caprolactone) and poly(alkylene oxide) (U.S. 20030068384) to create a sustained release

formulation. Such formulations can be used to implants that release a polypeptide or another

agent over a period of a few days, a few weeks or several months depending on the polymer, the
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particle size of the polymer, and the size of the implant (See, e.g., U.S. 6,620,422). Other

sustained release formulations and polymers for use in are described in EP 0 467 389 A2, WO

93/24150, U.S. 5,612,052, WO 97/40085, WO 03/075887, WO 01/01964A2, U.S. 5,922,356,

WO 94/155587, WO 02/074247A2, WO 98/25642, U.S. 5,968,895, U.S. 6,180,608, U.S.

20030171296. U.S. 20020176841, U.S. 5,672,659, U.S. 5,893,985, U.S. 5,134,122, U.S.

5,192,741, U.S. 5,192,741, U.S. 4,668,506, U.S. 4,713,244, U.S. 5,445,832 U.S. 4,931,279, U.S.

5, 980,945, WO 02/058672, WO 9726015, WO 97/04744, and US200200 19446. In such

sustained release formulations microparticles (Delic and Blanco-Pricto 2005 Molecule 10:65-80)

ofpolypeptide are combined with microparticles of polymer. Onc or more sustained release

implants can be placed in the large intestine, the small intestine or both. U.S. 6,011,0 1 and WO

94/06452 describe a sustained release formulation providing either polyethylene glycols (Ze.

PEG 300 and PEG 400)ortriacetin. WO 03/053401 describes a formulation which may both

enhance bioavailability and provide controlled releaseof the agent within the GI tract. Additional

controlled release formulations are described in WO 02738129, EP 326151, U.S. 5,236,704, WO

02/30398, WO 98/13029; U.S. 20030064105, U.S. 20030138488A1, U.S. 20030216307A1,

U.S. 6,667,060, WO 01/49249, WO 01/49311, WO 01/49249, WO 01/49311, and U.S.

5,877,224 materials which may include those described in WO04041195 (including the seal and

enteric coating described therein) and pH-sensitive coatings that achieve delivery in the colon

including those described in US4,910,021 and WO9001329. US4910021 describes using a pH-

sensitive material to coat a capsule. WO9001329 describes using pH-sensitive coatings on beads

containing acid, where the acid in the bead core prolongs dissolution of the pH-sensitive coating.

U.S. Patent No. 5,175,003 discloses a dual mechanism polymer mixture composed of pH-

sensitive enteric materials and film-forming plasticizers capable of conferring permeability to the

enteric material, for use in drug-delivery systems; a matrix pellet composed of a dual mechanism

polymer mixture permeated with a drug and sometimes covering a pharmaceutically neutral

nucleus; a membrane- coated pellet comprising a matrix pellet coated with a dual mechanism

polymer mixture envelope of the same or different composition; and a pharmaceutical dosage

form containing matrix pellets. The matrix pellet releases acid-soluble drugs by diffusion in acid

pH andbydisintegration at pH levels of nominally about 5.0 or higher.

The GCRA peptideds described herein may be formulated in the pH triggered targeted

control release systems described in WO04052339. The agents described herein may be
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formulated according to the methodology described in any of WO03 105812 (extruded

hyrdratable polymers); WO0243767 (enzyme cleavable membrane translocators); WO03007913

and WO03086297 (mucoadhesive systems); WO02072075 (bilayer laminated formulation

comprising pH lowering agent and absorption enhancer); WO04064769 (amidated polypeptides);

W005063156 (solid lipid suspension with pseudotropic and/or thixotropic properties upon

melting); WO03035029 and WO03035041 (erodible, gastric retentive dosage forms);

US5007790 and US5972389 (sustained relcase dosage forms); WO041 1271 1 (oral extended

release compositions); WO05027878, WO02072033, and WO02072034 (delayed relcase

compositions with natural or synthctic gum); WO05030182 (controlled release formulations with

an ascendingrate of release); WO05048998 (microencapsulation system); US Patent 5,952,314

(biopolymer); US5,108,758 (glassy amylose matrix delivery); US 5,840,860 (modified starch

based delivery). JP10324642 (delivery system comprising chitosan andgastric resistant material

such as wheat gliadin or zein); US5,866,619 and US6,368,629 (saccharide containing polymer);

US6,531,152 (describes a drug delivery system containing a water soluble core (Ca pectinate or

other water-insoluble polymers) and outer coat which bursts (e.g. hydrophobic polymer-

Eudragrit)); US 6,234,464; US 6,403,130 (coating with polymer containing casein and high

methoxy pectin, WO0174 175 (Maillard reaction product); W005063206 (solubility increasing

formulation); WO040 19872 (transferring fusion proteins).

The GCRA peptides described herein may be formulated using gastrointestinal retention

system technology (GIRES; Merrion Pharmaceuticals). GIRES comprises a controlled-release

dosage form inside an inflatable pouch, which is placed in a drug capsule for oral administration.

Upon dissolution of the capsule, a gas-generating system inflates the pouch in the stomach where

it is retained for 16-24 hours,all the time releasing agents described herein.

The GCRA peptides described herein can be formulated in an osmotic device including

the ones disclosed in US4,503,030, US5,609,590 and US5,358,502. US4,503,030 discloses an

osmotic device for dispensing a drug to certain pH regions of the gastrointestinal tract. More

particularly, the invention relates to an osmotic device comprising a wall formed of a semi-

permeable pH sensitive composition that surrounds a compartment containing a drug, with a

passageway through the wall connecting the exterior of the device with the compartment. The

device delivers the drug at a controlled rate in the region of the gastrointestinal tract having a pH

of less than 3.5, and the device self- destructs and releasesall its drug in the region of the
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gastrointestinal tract having a pH greater than 3.5, thereby providing total availability for drug

absorption. U.S. Patent Nos. 5,609,590 and 5, 358,502 disclose an osmotic bursting device for

dispensing a beneficial agent to an aqueous environment. The device comprises a beneficial

agent and osmagent surrounded at least in part by a semi-permeable membrane. Thebeneficial

agent may also function as the osmagent. The semi-permeable membrane is permeable to water

and substantially impermeable to the beneficial agent and osmagent. A trigger meansis attached

to the semi-permeable membrane(e.g.,joins two capsulc halves). The trigger means is activated

by a pH of from 3 to 9 andtriggers the eventual, but sudden, delivery of the beneficial agent.

These devices enable the pH-triggered release of the beneficial agent core as a bolus by osmotic

bursting.

EXEMPLARY AGENTS FOR COMBINATION THERAPY

Analgesic Agents

The GCRA peptides described herein can be used in combination therapy with an

analgesic agent, e.g., an analgesic compoundor an analgesic polypeptide. These polypeptides

and compounds can be administered with the GCRA peptides described herein (simultaneously

or sequentially). They can also be optionally covalently linked or attached to an agent described

herein to create therapeutic conjugates. Among the useful analgesic agents are: Ca channel

blockers, 5HT receptor antagonists (for example SHT3, 5HT4 and 5HTIreceptor antagonists),

opioid receptor agonists (loperamide, fedotozine, and fentanyl), NKI receptor antagonists, CCK

receptor agonists (e.g., loxiglumide), NK1 receptor antagonists, NK3 receptor antagonists,

norepinephrine-serotonin reuptake inhibitors (NSRD, vanilloid and cannabanoid receptor

agonists, and sialorphin. Analgesics agents in the various classes are described in the literature.

Amongthe useful analgesic polypeptides are sialorphin-related polypeptides, including

those comprising the amino acid sequence QHNPR (SEQ ID NO:), including: VQHNPR (SEQ

ID NO: ); VRQHNPR(SEQ ID NO: ); VRGQHNPR(SEQ ID NO: ); VRGPQHNPR(SEQ ID

NO: ); VRGPRQHNPR(SEQ ID NO: ); VRGPRRQHNPR(SEQ ID NO: ); and RQHNPR (SEQ

ID NO:). Sialorphin-related polypeptides bind to neprilysin and inhibit neprilysin- mediated

breakdown of substance P and Met-enkephalin. Thus, compoundsor polypeptides that are

inhibitors ofneprilysin are useful analgesic agents which can be administered with the

polypeptides described herein in a co-therapy or linked to the polypeptides described herein,e.g.,
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by acovalent bond. Sialophin and related polypeptides are described in U.S. Patent 6,589,750;

U.S. 20030078200 Al; and WO 02/051435 A2.

Opioid receptor antagonists and agonists can be administered with the GCRA peptides

described herein in co-therapyor linked to the agent described herein, e.g., by a covalent bond.

For example, opioid receptor antagonists such as naloxone, naltrexone, methyl nalozone,

nalmefene, cypridime, beta funaltrexamine, naloxonazine,naltrindole, and nor-binaltorphimine

are thought to be uscful in the treatment of IBS. It can be uscful to formulate opioid antagonists

of this type is a delayed and sustained relcase formulation such that initial release of the

antagonist is in the mid to distal small intestine and/or ascending colon. Such antagonists are

described in WO 01/32180 A2. Enkephalin pentapeptide (HOE825; Tyr-D-Lys-Gly-Phe-L-

homoserine) is an agonist of the mu and delta opioid receptors and is thoughtto be useful for

increasing intestinal motility {Eur. J. Pharm. 219:445, 1992), and this polypeptide can be used in

conjunction with the polypeptides described herein. Also useful is trimebutine which is thought

to bind to mu/delta/kappa opioid receptors and activate release of motilin and modulate the

release of gastrin, vasoactive intestinal polypeptide, gastrin and glucagons. Kappa opioid

receptor agonists such as fedotozine, asimadoline, and ketocyclazocine, and compounds

described in WO03/097051 and WO05/007626can be used with or linked to the polypeptides

described herein. In addition, mu opioid receptor agonists such as morphine, diphenyloxylate,

frakefamide (H-Tyr-D-Ala-Phe(F)-Phe-NH 2; WO 01/019849 A]1) and loperamide can be used.

Tyr-Arg (kyotorphin) is a dipeptide that acts by stimulating the release of met-

enkephalins to elicit an analgesic effect (J. Biol. Chem 262:8165, 1987). Kyotorphin can be used

with or linked to the GCRA peptides described herein.

Chromogranin-derived polypeptide (CgA 47-66; See, e.g., Ghia et al. 2004 Regulatory

polypeptides 119:199) can be used with or linked to the GCRA peptides described herein.

CCKreceptor agonists such as caerulein from amphibians and other species are useful

analgesic agents that can be used with or linked to the GCRA peptides described herein.

Conotoxin polypeptides represent a large class of analgesic polypeptides that act at

voltage gated calcium channels, NMDAreceptors or nicotinic receptors. These polypeptides can

be used with or linked to the polypeptides described herein.

Peptide analogs of thymulin (FR Application 2830451) can have analgesic activity and can be

used with or linked to the polypeptides described herein.
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CCK (CCKa or CCKb)receptor antagonists, including loxiglumide and dexloxiglumide

(the R- isomerof loxiglumide) (WO 88/05774) can have analgesic activity and can be used with

or linked to the polypeptides described herein.

Other useful analgesic agents include 5-HT4 agonists such as tegaserod (Zelnorm®),

mosapride, metoclopramide, zacopride, cisapride, renzapride, benzimidazolonederivatives such

as BIMU | and BIMU8,and lirexapride. Such agonists are described in: EP1321 142 Al, WO

03/053432A1, EP 505322 Al, EP 505322 BI, US 5,510,353, EP 507672 Al, EP 507672 BI, and

US 5,273,983.

Calcium channel blockers such as ziconotide and related compounds described in, for

example, EP625162B1, US 5,364,842, US 5,587,454, US 5,824,645, US 5,859,186, US

5,994,305, US 6087,091, US 6,136,786, WO 93/13128 Al, EP 1336409 Al, EP 835126 Al, EP

835126 BI, US 5,795,864, US 5,891,849, US 6,054,429, WO 97/01351 Al, can be used with or

linked to the polypeptides described herein.

Various antagonists of the NK-I, NK-2, and NK-3 receptors (for a review see Giardina et

al. 2003.Drugs 6:758) can be can be used with or linked to the polypeptides described herein.

NKIreceptor antagonists such as: aprepitant (Merck & Co Inc), vofopitant, ezlopitant

(Pfizer, Inc.), R-673 (Hoffmann-La Roche Ltd), SR-48968 (Sanofi Synthelabo), CP-122,721

(Pfizer, Inc.), GW679769 (Glaxo Smith Kline), TAK-637 (Takeda/Abbot), SR-14033, and

related compounds described in, for example, EP 873753 Al, US 20010006972 Al, US

20030109417 Al, WO 01/52844 Al, can be used with or linked to the polypeptides described

herein.

NK-?2receptor antagonists such as nepadutant (Menarini Ricerche SpA), saredutant

(Sanofi- Synthelabo), GW597599 (Glaxo Smith Kline), SR-144190 (Sanofi-Synthelabo) and

UK-290795 (Pfizer Inc) can be used with or linked to the polypeptides described herein.

NK3 receptor antagonists such as osanetant (SR-142801; Sanofi-Synthelabo), SSR-

241586, talnetant and related compoundsdescribed in, for example, WO 02/094187 A2, EP

876347 Al, WO 97/21680 Al, US 6,277,862, WO 98/1 1090, WO 95/28418, WO 97/19927, and

Bodenet al. (J Med Chem. 39:1664-75, 1996) can be used with or linked to the polypeptides

described herein.
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Norepinephrine-serotonin reuptake inhibitors (NSRI) such as milnacipran and related

compoundsdescribed in WO 03/077897 Al can be used with or linked to the polypeptides

described herein.

Vanilloid receptor antagonists such as arvanil and related compouds described in WO

01/64212 Al can be used with or linked to the polypeptides described herein.

The analgesic polypeptides and compounds can be administered with the polypeptides

and agonists described hercin (simultancously or sequentially). The analgesic agents can also be

covalently linked to the polypeptides and agonists described hercin to create therapeutic

conjugates. Where the analgesic is a polypeptide and is covalently linked to an agent described

herein the resulting polypeptide may also includeat least one trypsin cleavage site. When

present within the polypeptide, the analgesic polypeptide may be precededby (if it is at the

carboxy terminus) or followed by (ifit is at the amino terminus) a trypsin cleavage site that

allowsrelease of the analgesic polypeptide.

Tn addition to sialorphin-related polypeptides, analgesic polypeptides include: AspPhe,

endomorphin-1, endomorphin-2, nocistatin, dalargin, lupron, ziconotide, and substance P.

Agents to Treat Gastrointestinal Diserders

Exantples of additional therapcutic agents to treat gastrointestinal and other diserders

inchide apents to treat constipation (e.g., a chloride channel activator such as the bicylic fatty

acid, Lubiprostone (formerly known as SPL-O211; Sucampo Pharmaceuticals, Inc.; Bethesda,

MD}, a laxative (e.g. a bulk-forming laxative (e.g. monstarch polysaccharides, Colone! Tablet

(polycarbophil calciura}, Plantago Ovata®, Equalactin® (Calcium Polycarbonhil)), fiber (e.g,

FIBERCONG®(Calcnum Polycarbophif), an osmotic lasative, a stirnulant laxative (such as

diphenyimethanes (¢.9. bisacody}, anthraquinones (c.g. cascara, senna}, and surfactant laxatives

(e.g. castor oil, docusates), an emolhent/lubricating agent (such as raineral ol, gbycerine, and

docusates}, MiraLax (Braintree Laboratories, Braintree MA}, dexloxighumide (Forest

Laboratorics, alaa known as CR 2017 Rottapharrn (Rotta Research Laboratorium SpA3}, saline

laxatives, enemas, suppositories, and CR 3700 (Rottapharm (Rotia Research Laboratorium SpAk:

acid reducing agerits such as proton purap inhibitors fe.2., omeprazole (Prilosec®), esomeprazole

(Neatum@), lansoprazole Prevacid@), pantoprazole (Protonin®) and rebeprazole (Aciphex®))

and Histamine H2 -receptor antegonist (also known as HZ receptor blackers including
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cimetidine, ranitidine, famotidine and nizatidine) prokinetic agents including itopride,

octreotide, hethanochol, metoclopramide (Reglan®), dormporidonc (Motiliim®), orythromycin

(and derivatives thereof} or cisapride (propulsid®); Prokineticin polypeptides homologs, variants

and chimeras thereof including those described m US 7,052,674 which can be used with or

linked to the polypeptides described herein; pro-motility agents such as the vasostatin-derived

pelypeptide, chromogranin A (4-16) (See. e.g, Ghia et al. 2004 Regulatory polypeptides 121731}

or motiagonists (¢.g¢., GM-GLT or mitemeimal famarate) or nociceptin/Orphanm FO receptor

modulators (US20050169917%) other peptides which can bind to and/or activate GC-C inchiding

thase described in US20050287067; complete or parnal SHT €e.g. SHTL, SHYT2, SHTS, SHTA)

receptor agonists or antagonists (including SHPIA antagonists fee.AGL-OOL(AGI

therapeutics}, SHT2B anteconists (e.g. PGN 1091 and PGNI 164 (Pharmagene Laboratories

Limited), and SHT4 receptor agonists (such as legaserod (ZELNORM®), prucalonpride,

mosapride, metoclopramide, zacopride, cisapride, renzapride, henzimidazolone derivatives such

as BEMU PT and BEMU! &, and lirexapride). Such agonists/modulators are described tn:

EPi32b142 Al, WO G3/05S3432A1, EP 5053232 Al BP 505322 Bi, US 3,510,353, EP 507672 Al,

EP $507672 BL US 5,273,983, and US 6,951,867), 3HTS receptor agonists such as MEC-733;

and SHS receptor antagonists such as DDP-225 (MCI-225; Dynogen Pharmaceuticals, Inc},
cHansetron (Calmactin@), alosetron (Lotronex®), Gndansetran HC] 4ofran@), Dolasctron

(ANZEMET®), palonosetron (Aloxi®), Granisetron (Kytril®), YMOGO@amosetron; Astellas

Pharma Inc.; ramosetran may be given as a daily dose of 0.002 to 0.02 my as deseribed in

EPOLSS8707) and ATI-7006 (Aryx Therapeutics, Santa Clara CA); muscarinic receptor agonists;

anti-inflanumatory agents; antispasrmodics including but not muted to anticholinergic drugs (like

dicyclormine (e.g, Colimex®, Pormules®, Lomine®, Protyloh, Visceral®, Spasmoabantk),

Bentyk®, Bentylol®), hvescyamine (e.g, IB-Stat®, Nulev®, Levsin®, Levbid®, Lovsimex

Timecaps®, Levsin/SL®, Anaspaz®, A-Spas S/E0, Cystospaxi®), Cysiospaz-M@, Donnamar®,

Colidrops Liquid Pedtatric®, Gastrosed®, Hyco Elixira, Hyosoi®, Hyospaz®, Hyosyne®,

Losamine®), Medisnaz@, Neosolé, Spacol®, Spasdel®, Symaxd, Syrmax SL), Dornatal (e.g

Donnatal Extentabs®), clHidintum (e.g. Quarzan, in combination with Librium == Librax),

rmethantheline fe.2. Banthine), Mepenzolate (e.c. Cantil}, homatrapine (e.g. hycodan, Homapin},

Propantheline bromide ¢e.g. Pro-Banthine}, Giycopyrrolate (e.g. Robmult®, Robmul Forte®),

scopolamine (c.g. Transderm-Scop®, Transderm-V®}, hyosine-N-butylbrornide (ex.
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Buscopan®}, Pirenzepine (es. Gastrozepm®) Propantheline Bromide (e.c. Propanthel®),

dicycloverine fc.¢. Morbontyl@}, elycopyrromium bromide (¢.g. Glycopyrrolate®), byoscine

nydrobromide, hyoscine methobromide, methanthelintam, and octatropinek peppermint oiand

chrect smooth musele relaxants like chmetropram bromide, mebeverine (DUSPATAL®,

DUSPATALING, COLOFAC MR® COLOTAL®:otilontum bromide (octiloniam),

pinaverinm(e.g, Dicetel® (pinaveriura bromide; Solvay S. Ao), Spasfon® Chydrated

phlorogiucimel and trmethylphloroghicino andtrirncbutine (including trmebutine malcatc

(Modulon®) antidepressants, inchiding tat net limited to those listed heroin, as well as tricyclic

antidepressants hike amitriptyline (Elovil®@, desiprammincs (Norprarain®), uniprarcine

(Pofranii@}, amoxapine (Asending@)}, nortriptyline; the selective serotonin reuptake inhilitors

(SSRTs) like paroxetine (Paxll®)}, fluoxetine (Prozac®), sertraline (4oloft®), and cttraloprarn

(Celexa®) and others like doxepim (SmecquanR)) and trazodone (Desyrel®); centrally-acting

analeesic agemts such as opioid receptor aganists, opioid receptor antaponists fe.p2., naltrexone);

agents for the treatment of Inflammatory bowel disease; agents for the treatment of Crohn's

disease and/or ulcerative colitis f2.2., alequel (Finze Biochem, Inc; Farmingsale, NY), the anti-

inflamumatery polypeptiie RDPSS8 (Genzyme, Inc.; Cambriige,MA}, and TRAPICET-EMIM

(ChemoCentryx, inc.; San Carlos, CA); agents that treat pastrointestinal or visceral pain; agents

that increase eGMP levels (as deseribed in US2004012 1994) like adrenergic receptor

antagonists, dopanine receptor agonists and PDE (phosphodiesterase} inhibitors meluding but

not Lrnited to those disclosed herein: purgatives that draw fluids to the intestine (e.g.,

VISICOL®, a conbination of sodium phosphate monobasic monohydrate and sodium phosphate

dibasic anhydrate}; Corticotrepin Releasing Factor (CRP) receptor antagonists (including NB

34041 CNeurecrime Biosciences, San Diego, OA), CREH9-41, astressin, RIZIO19 Ganssen

Pharmaceutical, CP154,826, NBEO7914, Antalarmin, DMPO96 (Bristol-Myers Squibb} CP-

316,381 (Pfizer, Inc.), 9B723620 (OSE), GW876008 (leurocrine/Glaxe Simuth Kline}, ONO-

2333Ms (Ono Pharmaceuticals), TS-041 Glanssen},AAGSG? (Novartis) and those disclosed in

US 5,063,245, US 3,861,398, US20040224064, LIS20G40 198726, US20040176400,

US20040 171607, USZ00401 10815, US20040000066, and LISZ0050209Z253% glucagon- like

pebypeptides (gip- 1 and analogues thereaf (melding exendm-4 and GTP-010 (Gastrotech

Pharma Aj) and inhibitors ofPP-TVCOPP-PV mediates the inactivation of elp-1}; tefisopam,

ensrtiomerically-pure R-tefisopam, and pharmacoutically-acceptable salts theroot (LIS
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Z2OUG402 29867) tricyclic anti-depressants of the dibenzothiazepine type including but not limited

to Dextofisoparn® (Vola Pharmaccuticals), tlaneptine (Atablon®) and other agents described in

US 6,683,072; CE}-4 (1 3bistcyclohexylmethy1Fl .2,34,-tetrahydro-2.6-dione-SH-purin-8-

yDcmmnarmic acid nonacthylene glycol methyl cther ester and related compounds described in WO

02/067942) the probiotic PROBACTRIX®(The BioBalance Corporation; New York, KY}

which contains microorganisms useful in the treatment of gastrointestinal disorders; antidiarrheal

Grogs inchiding but not liruted to loperamide Cimoadium, Popto Diarrhea), diphenoxylate with

atropine (Lomotil, Lomocot), cholestyramine (Qucstran, Cholybari, atropine (Co-Phonotrone,

Tuarsed, Diphcnoxylate, Lofonc, Logon, Lonox, Vi~Atro, atroninc sudfete inicetion) and

Sifaxan® (rifaximin; Salix Pharmaceuticals Ltd}, T2P-Z01(Tranzyme Pharma Inc.}, the

neuronal acetylchaline receptor MAChR) blocker AG1-004(AGI therapeutics), and bismuth

subsalicylate (Pepto-bismol); aniolytic drags inchidine but not hmited toAtivan lorazepani)}.

alprazolam (Nanax®), chlordiazenaxide/chdiniurn (Librium®, Libraxe®), clonazepam

(Klionopin@)}, clorazepate (Tranxene®), Hazepam CValnum®), estazolam (ProSom®),

flurarepam (Daimane®)}, oxazepam (Serax®)), prazepam (Centrax®), temazepam (Restoril®),

trazclarn Glalcion®, Bedclix® (Montmerilionite boiielitic; Ipsen Ltd), Solvay SLV332

(ArQuie Inch, YKP (SK Pharma}, Asimadoline (Tioga Pharmaceuticals/Merck), AGI-O03 (AGI

Therapeutics}; neurokinin antagonists including those described in LISZOG60040046; potassium

channel modulators inchiding those described in US7,002,015; the serotonin modulator

AZDTITI (AstraZeneca Plo}: M3 muscarinic recepter antayonists such as darifenacin (Enablex;

Novartis AG and samifenacin (Piizer); herbal and natural therapies inchiding tut nol limited to

acidophilus, chamomile tea, evening primroseoil, fennel seeds,wormwood, comtrcy, and

compounds of Bao-ji-Wan Gnagnolol honokiol, unperatorin, and polmperatorin} as in

(786923992; and compositions comprising lysine and an anti-stress agent for the treatment of

irmtiable bowel syndrome as deseribed in EPC 1550443.

Insulin and Insulin Modulating Agents

The GORA peptides described herein can be used in combination therapy with insalin

and related compounds including primate, rodent, or rabbit insulin inchiding biologicallyactive

variants thereof inchiding allelic variants, more preferably human insulin available in

recambinant form. Sources of human msulin include pharmaccutically acceptable and sterile
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formulations such as those available from Eli Lilly (indianapolis, Ind. 46285} as Hurmulin™

Croman insulin cDNAoriginy. See, theo THE PHYSICIAN'S DESK REFERENCE, S3.sup.th Ed.

(2001) Medical Economics, Thomson Healthcare (disclosing other suttable hurnan ingolins).

The GCRA peptides described herein can alse be used in combination therapy with

agents that can boost msulin effects or levels of a subject upon administration, e.g. glipizide

and/or rosightazone. The polypeptides and agonistsdescribed herein can be used in

cormbuherany with SYMLIN® (praralintide acctatc) and Excnatide’® (synthetic cxcndm-4; a 39

aa polypeptide}.

Agentsfor the Treatment ofPostoperative Neus

The GCRA peptides described herein can alsa be used in combination therapy with

agents (¢.¢., Enterea™(alvimopan; formerly called ado lor/ ADL 8-269R), conivaptan andoa

related agents describe in US 6,645,959) used for the trestraent of posteperative lens and other

diserders.

Anit-fhertensive Agernts

The GCRApeptides described herein can be used in combination therapy with an anti-

hypertensive agent including but not rotted te: (1) dturetica, such as thiazides, mecluding

chlorthalidone, chiorthiazide, dichlorophenamide, hydroflumethiazide, indaparide, polythiazide,

and hydrochlorothiazide; loop diuretics, such as bumetanide, ethacrynic acul, furosemide, and

torsemide, potassium sparing agenis, such as amiloride, and triamterene, carbonic anhydrase

inhibitors, osmmotics(such as glycerin) and aldosterone antagonists, such as spironelaectone.

epirenone, and the like, (23 beta-adrenergic blockers such as acebutolol, atenolol, betaxolal,

bevantolol, bisoprolal, bopindoloal, carteoloal, carvedilol, celiprolal, esmolol, indenclol,

rnetaprolol, nadolol, nebivelol, penbutolol, pindofol, propanolol, sotafol, tertatelal, tilisolol, and

timolol, and the Hike; (33 calcium channel blockers such as amlodipine, eranidipine, azclnidipine,

barnidipine, benidipine, bepridil, cinaldipime, clevidipme, diltiazem, efonidipine, felodipine,

galopamil, isradipine, lacidinine, lemiidipine, lercanidipine, nicardipine, nifedipine, nifvadipine,

rurmodepine, msoldipine, nitrendipine, manidipine, pranidipine, and veraparnl, and the hke; (4)

angiotensin converting enzyme (ACE) inhibtters such as benazepril; captopril, ceranapril;

CHazapril; deiapril; enalapril: onalopril; fosmmopril; imidapril; isimopril: losinopril; mocxipril;
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quinaprii; quinaprilat ramipril: perindopril perindroprils quanipril; spiraprib tenocapril;

trandolapril, and zofonopril, and the like; (5) neutral ondopeortidasc inhibitors such as

omapatrilat, cadoxatril and ecadotril, fosidotril, sampatriat, AVE7688, ER4O30, and the ike; ()

endothelin antagonists such as tezosenten, AS08165, and YM62809, and the hke; (7)

yasodilators such as hydralazine, clonidine, minoxidil, and nicotiny! alcohol, and the like; (8}

angiotensin Ul receptor antagonists such as aprosartan, candesartan, eprosartan, irbesartan,

losartan, olmcsarian, pratosarian, tasasartan, tcimisartan, valsartan, and EXP-3137, Fi682ek,

amd RNH6270, and the like: (9) «/B adrenergic blockers such as nipradilel, arotincic! and

amosulalol, and the hike; (1) 0) alnha 1 blockers, such as terazasin, uraraidil, prazesin, tamsulosin,

bunazosin, trimazosin, doxazosin, naftopidil, ndorarnin, WHP 164, and XENGHIO, and the like;

(11) alpha 2 agonists such as lofexidine, tiamernidine, moxonidine, rilmenidine and guanobenz,

and the like; (12) aldosterone inhibitors, and the like; and (13) angiopoictin-2 -binding agents

such as thase disclosed in WOUS/4330833. Snecific anti-hypertensive agents that can be used m

combination with polypeptides and agonists described herem include, but are not limited to:

diuretics, such as thiaricdes fe... chlarthainlone, cyclothiazide (CAS RN 2259-96-3),

chiorothiazide (CAS RN 72956-09-3, which may be prepared as disclosed in USZS09194),

dichlorophenamide, hydrothimethiazide, indapamide, polythiazide, bendrotlumethazide,

methyclothavide, polythiazide, trichlormethazide, chlorthalidane, indapamide, metolazone,

quinethazone, althiazide (CAS RN SS88-16-9, which may be prepared as disclosed in British

Patent No. 902,658}, benzthiazide (CAS RN 91-33-82, which may be prepared as disclosed in

USS 108097), buthiazide Qvhich maybe prepared as disclosedin British Parent Nos. 861 367),

and hydrochiorothiagzide), loop diuretics (e.g, bumetanide, ethacrynic acid, firosemide, and

torasemide), potassturn sparing ayenis (ee. armloride, and tramterene (CAS Namber 396-01-~

ON}. and aldasterone antagonists (e.g. spironolactone (CAS Nurber $2-01-7}, epirenone, and the

like}; B-adrenergic blockers such as Arniodarone (Cordarone, Pacerone}, bunelol hydrochloride

(CAS KN 31969-08-8, Parke-Davis}, acebutoial (¢N-[3-Acetyl-4-[2-hydroxy-3-[C

methylethyaminepropoxyipheny?|-butanamide, or (:}-3'-Acetyl-4-[2-hydraxy-3-

(isopropylaning} propoxy| butyranilide), acetadtolol hydrochloride e.g. Sectrale, Wyeth-

Ayerst}, alprenolol hydrochloride (CAS RN 13707-88-3 see Netherlands Patent Anmplication Na.

6,605 692}, atenolol (e.g, Tenormin®, Astra#eneca), cartealal hydrochloride fe.g, Carirai®

Filmtab®, Abbott}, Celipralol hydrochloride (CAS RN 37470-78-7, also see in US4034009),
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cotamoiol bydrochioride (CAS RN 77590-95-5, also US4039622}, labetalol aydrochioride

(c.g. Normadync®, Schering), coraolsal hydrochloride (c.g. Brevibloc®, Baxtor), lovobotaxalal

nydrochioride (e.¢. Betaxon'™™Ophthalmic Suspension, Alcon), levobunolol hydrochloride (e.g.

Botagen® Liquifilny® with C CAP® Compliance Cap, ANergen), nadolol fe.g. Nadolol, Mylan},

practolol (CAS RIN 6673-35-4, see also UUS34083%7), propranolol hyvdrochionde (CAS BRN 31K-

98-9), sotalol hydrochloride fe.g. Betapace AP™Berlex), timolol (2-Propanol.-1(1,)-

daracthyicthyDamine}-3-[[4-4(4-morpholmay)-L2,5-thiadiazol-3-yloxy]-, homilnydratc, (3),

CAS RM 99524-16-2), timalal maleate (S}1-[€1.4 -demethyicthyls amino}]-3-[f4- 4-

morpbholiny)-12,5-thiadiazol -3- yi] axy]-2-prepanel (2)-2-butencdioate (1 11} salt, CAS RN

20921-17-3}, bisopralel (2-Propanoi, |-[4-[[2-(L-methvicthoxyjethoxy-methyi[phenoxvij-3-[-

meth- ylethyDamine]-,3, CAS RN 66722-44-9), bisoproalal fumarate (such as Ch}-1-i4-[[2-(b

Methylethoxy} ethoxy|methyliphenoxy|-3-[0-methylethylamine|-~2-propanal (£} -~Z-

butenedinate (2:1) (salt, 2g, Zebeta™, Lederle Consumer), nehivalol (2H-|-Benzopyran-2-

methanol, cc_{iminabismethylene)bisl6-fuoro-3.4-dihydeo-, CAS RN 99200-09-0 see alsa
LS. Pat. Neo. 4,654,362), cicloprolol hydrochioride, such 2-Propanol, i-[4-[2-

CoyclopropryhnethaxyjethoxyIphenoxy|-3-[L-rmethylethy Danune|-, hydrochloride,AAS. RN

63686-79-3), dexpropranolal hydrochloride (2-Propanol |-[l-methyiethy}-amine]-3-c-

naphthalenylowy}-hydrochloride (CAS RN 13071-11-9), diacetolol hydrochionde (Acetamude,

N-[3-acetyl-4-[2-hydroxy-3-[0-methyl-ethyliaminelpropoxy] [phenyl]-, monchydrochloride

CAS RN 69796-04-9), dlevalal hydrachloride (Renzarmde, 2-hydraxy-5-[l-hydrexy-2-[1-

methyl-3-phenyipropylbaminejethyl[-, monoehydrochloride, CAS RN 75639-08-4), exapralol

hydrochioride (2-Propanal, | -(2-cyclohexyiphenoxy)-3 - [( 1 -methylethyDamino] -,

hydrochloride CAS RN 59333-90-3), fesiolol sulfate (Benzoic acid, 2-flaro-3-[[2-

famunocarbonylaming|- - dimethylethyl lumino}-2-hydroxypropyl ester, (+}- sulfate (1 11} (salt),

CAS BN 88844-73-8; metalol bydrachloride (Mcthanesulfonamide, N-[4-[]-hydroxy-2-

(methylamineipropylinhenyl]-, monohbydrechioride CAS RIN7701-63-7}, metoprolol 2-

Pronanal, |-[4-(2- methoxyethyDphenoxy|-3-f-methylethyDamino+; CAS RIN 37350-58-5),

metoprolol tartrate (sach as Z-Propanol, --{4-¢2-methoxvethyliphenoxy}-3-[C-

methylethyDaminol-, ¢g¢., Lopressor®, Novartis), pamaiciol sulfate (Carbamic acid, [2-[4-[2-

hydroxy-3-[C0- methylethyamineipropoxylipheny!-ethyl]-, methyl ester, (4) sulfate Galt} (2:1),

CAS RN 39954.01-73, penbutolol sulfate (2-Propanal, 42-ovclopentyiphenoxy}3-ELb
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dimethyic- thyljamine] 1, S}-, sulfate (2:1) (salt), CAS RIN 38363-32-5}, practalal (Acetamide,

N-[4-[2- bydroxy-3-[C-mothyviethy DamineEpropoxyiphonyll-, CAS RN 6673-35-4)) tpronolol

nydrochioride (Propanel, -[(-methylethyamine}-3-f2-(methylthio}-phenoxy|-, hydrochloride,

(+), CAS RN 39832-43-4}, tolarnolol (Benzamide, 4-[2-[[2-hydroxy-3-(2Z-methyiphenoxyi-

propyl amino} ethoxy, CAS RN 38103-61-63, bopindolol, indenolol, pindolol, propanalal,

tertatolol, and tilisolol, and the like; calcium channel blockers such as besylate salt of amlodipine

(such as 3-cthyl-S-methyi-2-(2-amimocthosymoethy)-4-(2-chlorophonyP-L 4-chhydro-6-methyi-

3,5-pyridinodicarboxylato bonzoncsulphonato, o.g., Norvasc, Phizcr}, clentiazem malcate €1.5-

Bonzothiazcpin-4¢Sbonc, 3-Cacetyloxy}-K-chlore-3-[2-(chimcthylaminojothy!]-2,3-dihydro-2-

{4-methoxyphenyl}(28-cis}-, (2}-2-butenediaste (1 11}, see also US4567995}, isradipine (3,5-

Pyridinedicarboxylhe acid, 4-(4-benzofurazanyl)-L4-dihydro-2,6-dimethyl-, methyl 1-

methylethyl ester, G:)-4(4-henzofurazanyl}- L 4-dihydra-Z.o-dimethyi-3 ,5 -

pyridinedicarboxylate, see alza USdd66972); nimodipine (such as is isopromy! (2- methoxyethy)

1, 4- dthydre -2.6- dimethyl -4- (3-nitrapheny!)) -3.5- pyridime - dicarboxylate, e.g Nimotop®),

Bayer), felodipine (such as ethyl methyl 4-(2,3-dichioropheny)-14-dihydro-Z,6-dimethyi-35-

pyridimedicarboxylate- e.g. Plendil® Extended-Release, Astra@eoncea LP}, milvadipine (3,5-

Pyridinedicarboxylic acid, 2-cyano-l4-dihydro-6-methyl-4-(3-nitropheny!}-3-methyl 5-(1-

moethylothy) ester, also seo 163799934), nifedipine Guch as 3, 5 -pyridinedicarboxylic acid,L4-

dihydra-2,6-dimethyl-4-(2-nitrophenyvt)-, dimethyl ester, ¢.g., Procardia XL® Extended Release

Tablets, Pfizer}, diltiazem hydrochioride (such as 1.5-Renzathiazepin-4(5H}-one,3-(acetyloxy)}-

Si2-(dimethylaminoethyl ]-2,-3-dibydro-2(4-methoxyphenyl-, monohvdrochloride, (+}-cis., eg,

Tiazac®, Forest), verapamil hydrochloride (such as benzeneacetronitrile, (aipha}-[[3-[[2-(3,4-

dimethoxypheny) cthylimethylaminoipropyl}-3 4-dimethoaxy-(alpha)}-¢ P -methylethy])

bydrochioride, ¢.9., lsopiin@ SR, Knoll Labs), tehidipine aydrochioride (3,3-

Pyridinedicarboxylic acid, 2-[(dimethylarninojmethyi[4-[2-[ME)-3-Il-dimethviethoxy}-3-oxo- b

propenyiiphenylbiL4-dihydro-6-methyl-, dicthy! ester, monobydrochiaride} CAS RN POR7GG-

63-43, helfosdil (Phasphanic acid, (2-(2-phenoxy etiryh}- 1,4 ~propane- diylibis-, tetrabuty! ester

CANS RIN 103486-79-9}, fostedil Phosphonic acid, [[4-(2-benzothiazolyphenyifmethy!]-,

diethyl ester CAS RIN 738S89-62-2), aranidipine, azelnidipine, barnidipine, benidipime. bepridil,

cinaldinine, clevidipine, efonidipine, galioparmil, lacidipme, lemildipine, lercanidipine, monatepil

maleate (1-Piperazinebutanamide, N-(6, 11 -dihydrodibenzotb.euhiepin- Li -yl.-(4-
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flucrophenyl}-, (7}-, (2}-2-butenedioate (1 11) G:)-N-(6,1 1-Dibydrodibenzatb.eythiep- in-1 E-vl)-4-

(o- fluoropheny)}-L-pincrazinebutyramide maleate 1 :1)CAS RN 122046-06-1), nicardipine,

niseldiping, nitrendipine, manidipine, pranidipime, and the like, T-channel calcium antagonists

such as mibefradil; angiotensin converting enzyme (ACE) inhibitors such as benazepril,

benazeprif hydrochloride (such as 3-[[i-(ethoxycarbonyi)-3- phenyl1 S)-propyllamino}-2,3

45-tetrahydro-2-ox0- | H- 1-43 S)-benzazernine- | -scctic acid monohydrochloride, ¢.g.,

Lotroi@®, Novartis}, captopril (auch as -1(25)-3-moercapto-2- mothyipropionyi|-L-prolme, e.g.,

Captopril, Mylan, CAS KN 62571-86-2 and others disclosed in US404688%), coranapril (and

others disclosed in US4452790), cotapril (alecepril,Damrpoon discloscd in Eur. Therap. Recs.

39:67 1 986%; 40:543 (1986)), cilazapril (Hoffiman-LaRoche} disclosed in f, Cardiovase.

Pharmacol. 0:39 (1987), indglapril (delapril hydrochloride (2H-1,2,4- Benzothiacdiazime-7-

sulfonamide, 3-bicyclo[Z.2.1 ]hept-S-en-2-y1-6-chloro-3,4-dihydro-, 1,1- dioxide CAS RN Z2459-

96-43; Gisckosed in P/S4325051), enalapril Cand others disclosed in US4374829), enalonril,

enaloprifat, fosinopril, (such as L-nroline, 4-cyclohexyl-l-[f[?-methyi- +-C-oxepropoxy)

propoxyH4-phenyibutyl) phasphinyacetyl, sodhum sait, e.g, Monopril, Bristol-Myers Squibb

and others disclosed in US41682657), fosinepril sodium (L- Proline, 4-cyclohesyl-l-[[(R}-[OS)2-

methyl-L-d-ox- opropoxyjpropox}, umudapril, indolapril (Schering, disciosed in J. Cardiovasc.

Pharrmacel. $:643, 655 (1983}}, lismeopril (Merck), losinepril, moexipril, mocxipril hydrochloride

(3-lsoquinolinecarboxylic acid, 2-[(28)-2-[fUS)- f -ethoxycarbonyl}-3-phenyipropyliamimo|- 1 -

oxepropyl}- 1 ,- 2,3,4-tetrahydre-6,7-dimethoxy-, monohydrechloride, (38) CAS RM &2486-52-

S}, quinapril, quinaprifat, ramipril (Ploechsat) disclosed in EP 79022 and Curr. Ther. Res. 40:7

(1486), perindopril erbumine (such as 28,3aS,7aS- 1 -[(S}-N-[(S}- 1 -

Carboxybutylalanyhexahydro*-indolinecarboxylic acid, 1 -ethyl ester, compound with tert-

butvlamine (i i} eg, Accon®, Scivay), perindopril (Servier, disclosed im Eur. J. clin.

Pharmacol, 315319 (19873), quanipril (disclosed in US4344949), anirapril (Schering, disclosed

in Acta, Pharmacol. Toxical. 39 (Supp. 3) 173 C1Ok6}), tenocapril, trandolapril, zofenopril (and

others disclased in US43 16906), rentiapril Gentiaprl, disclased in Clin. Exp. Pharmacol.

Physiol, 16:131 (19833), pivopril, YSORG, teprotide (Bradviinin potentiator BPPOa CAS RN

35115-68-7}, BRL 36,378 (Smith Kline Beecham, soe EPRO822 and EPGQG66S), MC-838

(Chugai, see OA. 102:7258Ry and Jap. £. Pharmacol. 40:373 (1986), CGS 14824 (Ciba-Geigy, 3-

({l-ethoxyecarbonyl-3-phenyl-S}-propyamine}-2,3,4,3-tetrahydra-2-ox- 0-1-(38}-benzazepme-!
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acetic acid HCI, see U.K. Patent No. 2103614), CGS 16,617 (Ciba- Geigy, 308)-[[GS}-5-amino-I-

carboxypontyllaminol2.3,4,- S-tetrahydra-2-oxo0-TH-l- bonzazepinc-l-cthanoic acid, see

US$44735753, Ra 44570 Gloechst, see Arznetmitielforschung 34.1254 (1985), R 31-2201

(Hoffman-LaRoche sce FEBS Lett. £65:201 €1984)), CTO25 (Pharmacologist 26:243, 266

(1984), W¥-44221 OWyeth, see J. Med, Chem, 26:494 (2983), and those disclosed in

US2003006022 (paragraph 28}, US4337201, US4432971 (phosphonamidetes) neutral

codopentidasc mhibitors such as omapatriiat CVanlev@®), CGS 20440, cadoxatril and ccadotnl,

fasidotrii (aiso known as aladotril or alatriopril}, sarmpatrilat, mixanpril, and gomopatrilat,

AVE7688, ER403G, and those disclosed in USS362727, USS366973, USS225401, UG47228 10,

(IS5223516, US4749688, USS552397, USSSO4080, US5612359, USSS25723, EPQSOO444,

EPOAS 1532, BPO590444, EPOSOSGIO, EPOS34363, EPSA4306, EPS34492, EPUG29627;

endothelin antagonists such as tezosentan, AS08165, and YM62R99, andthe like; vasodilators

such as hydralazine (apresaline), clonidine (clonidine hydrochloride (]H-fmudazal- 2-arnine, N-

(2.6-dichlorophenyD4,5-dihydro-, monohydrochloride CAS RN 4205-91-83, catapres, minoxidil

(oniten}, nicatinyl alcohal (roniacel), diltiazem bydrochiaride (such as 1,5- Renzothiazepin-

4(SEDpone,4-(acetyloxy)}-5[2~-(dimethylaraineetliy]]-2,-3-dilrydro-2(4- metheaxypheny)-,

monohydrochioride, (+}-cis, o.g., Tiazact®), Forest), isoserbide dinitrate (such as 14:3,6-

dianlrydro-D-slucttol 2,5-dirutrate e.g, fsordik®Titradosed®, Wyeth- Ayerst), sosorbide

raononttrate (such as 14:3,6-cianhydro-D-ghicita- LS-nitrate, an organic nitrate, eg, Ismo®,

Wryeth-Ayerst}, nitroglycerin (such as 2,3 propanctrial trinitrate, ¢.g., Nitrostat® Parke- Davis),

verapamil hydrochioride (such as benzeneacetontirile, (+)-falphai3-[f2-+(3,4 dimethoxypheny

Dethylimethylarinolprapy!] -3 .4-dimethoxy-(alpha)- (1 -nethylethy) hydrochloride, o.g.,

Covere HS@Extended-Release, Searle}, chromonar (which may be prepared as disclosed in

US3282938)}, clonitate CAnnalen 1870 153}, droprenilamine Qwhich may be prepared as disclosed

in DEQS21113), hdeflezine GQvhich may be prepared as disclosed in US3267104), prenylamine

(which may be prepared as disclosed in USS 152173), propatyl nitrate GQvhich may be prepared as

disclosed in French Patent No. 1,103,113), mieflarine hydrochloride (1 -Piperazineacetarnide, 3-

(aminocarbonyLy-]4,4-bis(4-fhiorophenylibotyl|-N-(2,6- dichlorophenyD-, dirydrochloride CAS

BRN &3898-67-3), mixidine (Benzencethanamune, 3,4- dimethoxy-N-(i-methyl-2z-

pyrrelidinylidene)- Pyrrolidine, 2-[¢3 4-dimethoxyphenethyldmino]- 1 -methyl- i-Methyl-2- (G,

4.dimethoxyphonothyirninolpyrralidine CAS BRIN 27737-38-83, molsidomine (1,2,3
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Oxadiazolim, $-[{ethoxycarbonylaming]-3-(4-morpholinvl-, inner salt CAS RN 25717-80-0),

isesorbide mononttrate (D-Ghucitol, 14:3.6-dienhydro-, S-nitrate CAS RN 16051-77-7),

erythrityl tetranitrate (3 ,2,3,4-Butanetetro!, tetranitrate, (2R,38)-reL-CAS RN 7297-25-8),

clonitrated,2-Prapanedial, 3-chlore-, dintirate (7CL SCT, OCH CAS RN 2612-33-13,

dipyridamole Ethanol, 2,2',2°,2"-1(4,8-di-l-piperidinylpyrinida[54-dIpyrimidine-Z,6-

divljdinitriioltctrekis- CAS RIN 52-32-23, nicorandil (CAS RN 65141-46-0 3-3,

pyridinccarboxamide UN-[2-(Cnitroox yjothyl}Nisaldipmes 3~-Pyridimedicarboxylic acid, 1,4-

dihydre-2Z,6-dimetiyl-4-(2-nitrophonyi}-, mothy! 2-methylpropyl cster CAS RN 63675-72-9),

nifedipines 3-Pwridinedicarboxylic acid, L4-dihydro-2,6-dimcthyl-4-(2-mtropheny b+, dimethyl

ester CAS RN 21829-2543), perhexiline maicate (Pineridine, 2-(2,2-dicyciohexylethy!}, (22)-2-

tuitenedinoate (1 11} CAS RN 6724-53-4), oxprenolal hydrochloride (2-Prapanal, 1-[€1-

methylethy amine|-3-[2-C-propenyloxyjphenoxy}-, hydrochloride CAS RN 6482-73-9),

pentrinitrol (7.3-Propanediol, 2,2-bis{(nitrooxyjmethyl]-, mononitrate fester) CAS RN LGQ7-17-

6), verapamilae’o-f3-[f2-(,4-dimethoxyphenylethyl]- methylamineipropyl]-
3, 4-dimethoxy-c-(h -methylethyl)}- CAS RN 52-33-93 and the hike: anpietensin [f receptor

antagonists euch as, aprosarian, zolasartan, olmesartan, pratosartan, FIGB28K, RNHG270,

candesartan (1 H-Benzimidazole-7-carboxylic acid, 2-cthaxy-1-[[2"-GH-tetrazol-S-yi}{Lr-

biphenylE4-yUmethyl]- CAS RN 139481-59-7}, candesartan cilexretd ((+/-)-1-

feyclohexyloarbonyloxyjethyl-2-cthoxy-l-][2’-(iH-tetrazal-S-yiibipheny|-4-yl}-lH-benzimidazole

carboxylate, CAS RN 142040-37-5, US5703 110 and US3196444). eprosartan (3-[1-4-

carboxyphenyimethy)-2-n-buatyl-imidazol-5-yl]-@-thienylmethy)) propenoic acid, USS1IS3331

and USS630650), irbesartan (2-n-butyl-3- [[2’-(h-tetrazol-3-y)bipheny!-4-yi}methyl] f 3-

dlazazspirof44inon-Len-d-one, USS2703 17 and USS352788), losartan (2-N-butyl-4-chlore-5-

bydroxymoetiy!-[-[(2--H-tetrazol-3-yDbiphenyl-4-y)-methylimidazole, potassium salt,

USS1 38069, USS E53197 and USS 124355), tasosarian (5,4-dithydro-2,4-diraethyi-8-[(0-GB-

tetrazol-S-yiifiyr-biphenyli4-ymethyl-pyridolZ,3-dipvrimidin-7(6H)-ane, (ISS 149699),

telmisarian (4"-[C1 .4-dimetint-2?*-propyl-(,6-bi-iH-benzimidazal-r-yviy]-f 1. i -biphenyil]-2

carboxylic acid, CAS RN 1447061-48-4, UIS5591762), sulfesarten, abitesartan, valsartan

(ovan® (Novartis), (S}-N-valervi-N-[f2'-(1H-tetrazol-5-ylybipheny!-4-yDmethylfvaline,

US5399578), EXP-3137 (2~N-butyi-4-chioro-I-[(2'-Git-tetrazol-3-y Dbiphenyi-4-ylb-

methylhmidazoie-5-carboxylic acid, LISS IS8069, USSIS3197 and US2128355}, 3-(2"-(tetrazal-
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3-yl}-Lr-biphen-4-yDimethyl-3,7-dimethyl-2-othy!-3H-imidazoi45-b]oyricine, 4'[2-cthyl-4-

rocthy1-6-(5,6,7,8-tetrahydroimidazoll2-alpyridin-2-yl]-bonzimidazal-Lyl-methyli-Lr-

biphenyli-2- carboxylic acid, 2-butyl-o-(f-methoxy-L-methylethy]}-2-12-TH-tetrazol-5-

yDbiphenyi-4-ylmethyl] guinazolin-4(3H-one, 3 - [2° -carboxybipheny!-4-yDimethyl] -2-

cyclopropyl-7-methyl- 3H-imidazol4.5-bipyridine, 2-butyi-4-chloro-i-[(2-tetrazal-5-

eesi-d-yDmethylfimidazole-carboxylic acid, 2-buty!l-4-chioro-|-ff2'4iH-tetrazob-a- vip ff
’ -biphonyl] -4-yijmethyi]- 1 H-wnidazole-3 -carboxylc acidi -(cthoxycoarbonyl-oxyjethy!

oster potassium salt, drpotassium 2-butyl-4-Gncthyithio}-1-f2-[{[(propylamineicarbony!l famine|-

sulfornyliC.t -biphornyl-4-yHmetby!d-l H-unidazole-5 -carboxuylate, mothyl-3-[[4-butyi-2-
rethyl-6-oxo-3-[[2'-(LH-tctrazal-5-yi-[L] '-biphenyl]-4-yi}methyl-1-(GH}- pyrimidinylmethylj-

3-thiophencarboxylate, 5-[€3,5-dibutyl-Ht-L2,4-triazel-l-yDmoethyl}-2-[2- ( 1 H-tetrazal-S -

yiphenylinyridime, setbutyl-2-(2-phenytethy!)AS PPE H-tetrazal-§ ~yil1,1 '- biphenyl]-4-
methyllpyriridin-d-GR)-one DL lysine salt, S-methyl-7-n-propyl-8-[[S"-A- tetrazel-5-

yDbiphenyl-4-ylimethyl -f 1 2.4}-triazolaf b S-clpyrimidin-Z(3Hpone, 2,7-diethyl-5- [[2*5-

tetrazobyybiphenyl-4-ylmethyl|-SH-pyrazalof5-bHL?4liriazale potassiumsalt, 2-[2- butyl-4,4-

dibydre~4-oxo-3-[2'-(f-tetrazal-$-y1)-4-biphenyunethy 1-3 H-usudazell]4,5- clpyridine-5-

yimethyilbenzoic acid, ethyl ester, potassium salt, 3-methoxy-2,6-dimethyi-4- [[2'UH-tetrazal-5-

yD-L!eeeZ-ethony-LLP2"S-oxo-2,5-dthydre- | 2 4-oxadiazal-3 -
yObiphenyl-4d-yllmethyl} - 1 H-benzimidazolc-7-carboxyhe acid, i - [N-(2'-( 1 He tetrazal-5-

yDbiphenyi-4-yl-methy)D-N-valerolylamuinormethyDeyclopentane- | -carboxylic acid, 7- methyl-

eee-[P2" [H-tetrazol-5-ylbiphenyl-4-y1fmethyt]-3 HH-imidazo[45-6pyridine, 2- [S-[@-
ethy!-5,7-dimethyL3H-imidazal4,5-b]pyridine-3-yDmicthyl]-2-quinalinylisodium benzoate, 2-

nutyleb-chlorond-hydraxymethy}-s ~rnethyi-3 -f[2"-f Hetetrazol-5 ~yDbiphenyl-4-
yibmethyipyridine, 2- f [P2-buryl- | - [(4-carboxyphenylimethvil - 1 H-imidazol-5 -

yilroethyllaminebenzoic acid tetrazal-5-ylbiphenyl-4-y1methylipynmidin-6-one, 4(S)- f4-

(carboxymethylphenoxy|-N-P20R)-[4-(2-sulfobenzamideimidazol- | -yiloctanoyl}-L-proling, i

~ (2,6-dimethyipheny)-4-butyi-13-dihydro-3-[f6-[2-(TH-tetrazol-5-ylipheryli-3-

ovridinylmethyl]?H-imidazol-Z-one, 5 k-ethano-5 .8-dimethyl-2-n-propyi-S ,6,7,%-tetrabydro-

1 - [[2'H-tetraze!-S-yDbipheny!-4-ylmethyll-1H4H-134a,8a-tetrazacyclopentanaphthalenc-4-

one, 4-[1-[2'-11,2.3 4-tetrazal-5-ybiphen-4-ylimethylamine|-5,6,7,8-tetrahydro-2-

trifviquinazoline, 2-(2-chlorobenzoylimina-S-ethyl-3“[)-AHgteazolo-s -yiybiphenyi-4-
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3-[2-(1H-tetrazole-5-yBbiphenyL-4-yifmethy!-13.4-

4-[N-methyi-N-G -methylcrotonoybamine}|-b-f [2 '-¢ 1 H-tetrazol-5 -ylbiphenyl-4-

ylfmethyi]- | H- amidzole-5

patent publicationsPP475200, EP40O7150, E

EPS42059, EP49O7 12), EPS35420, EP407342, EP4 i S886,

EP473698, EPAQUG2O, EPS2S7

EP467207 EP39973 1,

5 -carboxvlic acid l-ethoxycarbonyloxyethyl ester, those disclosed in

LPS 39086,IPP339713, EPS35463, EP335465,

72, EPAGSO29,

210, EP456442,

EP424317,

f62, EPS24377, EP323841, BP420237, EPS00297, EP4Z60721,

EP4e0204, EP429257, EP430709, EP434045, BP446062,

EPS14198, EPSI4193, EPSI4192, EP450566, EP465°>

EP399732, EP41 284%, EP4S3

EP493626, EP495627, EPAGod 4, EPAoodd Gs, BPAOO4 |S EPSTI791, EPS16302, EPSZ0723,

EPSO3954.

EB435827,

EPS24217, BPS14197,

EPSOS 162, EPS33058,

EP470794, EP4 70795,

EPS 20724, EPS39066, EP43 8869, EPSOSRO3, EPS30702, EP40G838, EP406974, EPAG1T O30,

BP407102, EP4h1766, EP40923)

EP467715, EP4A79479, £

EPS1O812, EPS11767, EPS12675, EPS12676, BPS12870, EPS17357, EPS37937, BPS34 766,

EP527534, EPS40356, BP46 1040, EP540039, PP465368, EP498723, FP498722, BP498721,

BPS1S265, EPSOS785, EPSOGIS92, EPSIOS31, EPS3241G, EP49e361, EP432737, BPSG4888.,

BP4252U1, RP427463, EP43

EP488532, EPS01 269, EPS500409, 2P540400, EPGGSS28, EPOZSS34, EPO2ZSS833
EP422921, EPA30300, EP434038, EPdd?473, EPA43568, EP445811, EP4SO936, EPAR3683,

EP468470, EP470543, BP3623 14,

EPS529253, EPS43263. EPS40200, EP449690, EP465323, EPS21768, EP415594, WOO2/14468_

WOSS/OS E71, WOIG3/08 169, W091 /00277,

WOS2/N0977, WOG2/20342, WO9304045,

EPS508393, EPSOR445, EP403159, EP4Q3158

EP318033, EPSZ0423, EPS3S 1876,|

WO92/09600, WO82/165352, WOS3/05025

WOU7/13853, WOFL/19697, WOS1/11909,

20662,

WOS 1/13063, WOO2/ 13504, WOO1/17148,

WOOL1S479, WOO?/20687, WOO?

WO92/G4335, WOS2/05 161, WO92/07852,

WO92/00068, WOS2Z/02510, WO92/00278,

WOORMOLST, WO02/10097, WO92/10183,

323, EP4725904, BP41 9042, BP4S0659, EP4e t6i4d, EP4GOSR7,

°PSO27Z25, EPSO3838, EPSOGS098, EPSOSEEL IEP513,079 EPSG7S94_

EP433983,

7103,PPAR 1448,

, EP41 1507,

EPSSIS74, EP3O2317,

WO81/00281, WO91/14367

WO3/04046, W.

W992 10179, WO92/1G180, WO972/101 86,

WOSZ/TOLEE, WOO2/10187, WO92/T8184,

63

, WO92/00067,

91/15206, WOO2/14714,

, WO93/03018, WO91/07404, WO92/02508,

WOSL/12001,WOSE/1 1999, WO91/15269,

WO92/20661, WO93/O1177, WO91/14679,

WO91/18888, WO91/19715, WO92/02257,

WOO2/ 15877, WO93/03038, WO91/16313,
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WOSZTOLSE, WOC2/1016G, WOO2/TOL8S, WOU2/2063 1, WO93/03722, WOS3/O6828,

WOS3/G2040, WOS92/192 11, WO92/22533, WOOR/OG0R1, WOO2/0S7S4, WO9300341,

WO9Z/04443, WO972/04059, US5 104877, US5 187168, 55149699, 1155 185340, US48s0804,

USS 138069, US4916129, US35 153197, USS173494, USS 137906, USS 155126, US5140037,

USS137002, UISSES7026, USSOS3329, UISSES22 16, USSOS7S22, USSO66586, UNS089626,

L7S5049565, USSO87702, USS 124335, USS LO2880, USS 128327, USS 151435, USS202322,

USSIR7ISS, USS EOR438, USSIR2288, USSO36048, LISS 140036, USSOR7634, UISS196537,

USS 153347, USS ES 1G86, USS 190942, USSE7 7097, USS212177, USS208244, USS208235,

USSZ 12195, USS130439, USS045S540, USAG4LIS2, and USS2 10204, and pharmaceutically

acceplable salts and esters thereof, a/B adrenergic blockers such as nipradiol, arotinclol,

amosulatol, bretylum tosylate (CAS RMN: 61-75-63, dihydroergtamine mesylate (such as

ergotaman-3’, 6',1&-trione,9,-lO-dihydro-12-hydroxy-2-methyl-S-(phenyimethy(Sa,

monomethancsulfonate, 2g., DHE 45Iniection, Novartis}, carvedilal (auch as (2)-1(Carhazol-

4-vloxy}3-[]2-(o-methoxyphenoxyethyl | ammo] -2-propancl, ¢.¢., Coregi®, Smithkline

Beecham), labetalal (such as 5-[]-hydroxy-2-[G-methyl-3-phenyipropyB ammo]

ethylisalicylanude monobydrachioride, ¢.g., Narmodyne®, Schering), bretylium tosylate

——2-bromo-N-ethyl-N,N-dimethyl-, salt with 4-methylbenzenesulfonic
acid (1 (1) CAS RW 61-75-6), phentolamine mesylate (Phenol, 3-[[(4,5-dibydro-lH-imidazol-2

yirethyi}(4-methyinhenyljamimo]-, monomethanesulfonate (salt} CAS RN 65-28-1),

solypertine tartrate (5H-L3-Dioxolo[45-flindole, 7-[2-[4-C-methosxyphenyi}-L-

piperazinyljethy]]-, QR,3R}-2,3-dihydroxybutanedioate (1 1} CAS RN 5S591-43-5), zolertine

hydrochioride (Piperazine, l-phonyl4-[2-(1R-tetrazal-5-yDethyll-, monchydrochioride (2CL, 9C1}

CAS RN 7241-04-3) and the hike; « adrenergic receptor blockers, such as alfuzosin (CAS BN;

#1403-6%-1)}, terazosin, urepidil, prazosin (Minipress®)), tarnsulosin, bunarosin, trimazosin,

dosazosin, naflopidil, indorarain, WHP 164, XENOIO, fenspiride hydrochloride (which may be

prepared as disclosed in US3399192), proroxan (CAS RN33743-96-3}, and labetaloi

hydrochioride and combinations thereof, a 2 agonists such as methyldopa, rnethyidepa HCL,

lofexidine, tamenidine, moxonidine, rmenidine, cuanobenz, and the like; aldosterone

inhibitors, and the like; renin inhibiters including Aliskiren (SPPIOO; Novartis/Speedel)

angiopolatin-2-binding agents such as those disclosed in WOO03/030833) anti-angina agents such

as ranolazine (lyydrochiaride 1-Piperazineacetamide, N-(2,6- dimetinyipheny])-4-[2-hydraxy-3-
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Z-methoxyphenoxyjpropyll-, dibydrochioride CAS RIN $5635- 36-6), betaxcial hydrachioride

(2-Propanol, 1-[4-[2 (cyclopropylracthoayjothy|[phonoxyB3-[- mothyicthypammal-,

nydrachioride CAS RN 63659-19-8)}, butoprozine hydrochloride (Methanone, [4-

[3idibutylaminejorepoxyihenyl|(2-ethyl-3-indeliziny)-, monohydrochiaride CAS RN 62134-

34-3), cinepazet maleatel-Piperazineacetic acid, 4-[f-oxo-3-(3.4,5- trimethoxyphenyl}-2-

propenyl}-, ethyl ester, (22)-2-butenedioate (1 1) CAS RN 30679-07-7), tosifen

(Bonzencesulfonarmde, 4-racthyl-N-EPGS}-i-moethyi-2-phenylethyamineloarbornyl]- CAS RN

32255-1843, verapamilhydrochloride (Bonzcencacetonttrilc, a-{3-[f2-3,4-

ciamethoxyphenycthyl frcthvlarinelpropyl]-3 .4-dimothory-o-( | -moethyicthyl-,

rnonohydrochioride CAS RN 152-114), molsidernme (1,2,3-Oxadiazolium, 5-

[(ethoxycarbonyarmino|-3-(4-morpholinyl}-, inner salt CAS RN 25717-80-0), and ranclazine

hydrochloride (1 -Piperazmeacetamide, N-(2,.6-cdimethyinhenyLy-|2-hydroxy-3-4Z-meth-

oxyphenoxyipropyll-, dilpydrachianide CAS RN 95635-56-6); tosifen (Benzenesultonamide, 4-

methyl-N-[E[CES}-l-methyl-2-phenylethy!l famine|carbonyl]}- CAS RN 32295-1784); adrenergic

stimulants such as cuanfacine hydrochloride (such as N-amidino-2-(2,6-dichloropheny)}

acelarside bydrachlovide, eg., Tenex® Tablets available from Robins), methyldopa-ee,

hydrochiorothiazide (such as levo-3-(3,4-dibydroxyphenyl}-2-methylalanine} combined with

Hydrochlorotiuazide (such as 6-chloro-3,4-dibydra-2H-12,4-benzothisdiazine-7- sulfonanude

1, i-dioxide, e.g., the cornbination as, ¢.2., Aldorik®) Tablets available fram Merck}, methyldopa-

chiorothiazideisuch as f-chioro-2H-|, 24-benzothiadiazine-7-sulfonamide 1,]-dioxide and
methyldopa as described above, og., Aldoctora, Merck}, clontdine hydrochloride such as 2-

(2,.6-dichlorephenylamino)}-2-imidazaline hydrochloride and chlerthalidone (such as 2-chlore-3-

(-hydroxy-3-oxo-lisoindoliny)) benzenesnifonanmude), ¢.g2., Combipres®, Bochringer

Ingelheim), clonidine hydrochloride (such as 2-(2,6-dichlorophenylamine}-2-rmidezcline

hydrochloride, e.g., Catapres®, Rochringer Ingethenn), clomdine GH-Imidazol-2-armine, N-(2,6-

dichlorophenyl}45-dibyvdro-CAS KN 4265-90-7),Hyzaer (Merck; a combination oflosartan and

hydrochiorothiavide}, Co-Diovan (Novartis; a combination of valsartan and bydrochlorathiazide,

Lotrel (Novartis; a combination of benazepril and amlodipine) and Caduet (Pfizer; a combination

ofamlodipine and atorvastatin}, and those agents disclased in US2003006922 1,
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Agentsfor the Treatment ofRespiratory Disorders

Tho GCRA peptides described heroin can be used in combination therapy with oneor

more of the following agents useful in the treatment of respiratory and other disorders inchiding

but not limited to: { 1} B-agonists including but not limited to : albuterol PRO VENTIL®,&

ALBUT AMOI®, VENTOLIN@), bambuterol, biteterol, clenbuteral fenoteral, formoteral,

isoetharine (HRONKOSOL®, BRONKROMETER®), metaprotercnol (ALUPENT®),

METAPREL®), mirbutcrol (MAXAIR®), roproteral, romierol, salmeterol, terbutaline

(BRETHAIRE®, BRETHIN ©, BRICANYL®), adrenalin, isoprotercnol (SUPREL@). 

epimophrine brtartrate (PRIMATEMNEO}, ophedrine, orciproeniinc, fonoteral andisoctharime, (2)

steroids, including but not limited te beclomethasone, beclomethasone dipropionate,

betamethasone, budesonide, bunedoside, butinocort, dexamethasone, flunisolide, fluocortin,

Huticasone, hydrocortisone, methyl prednisone, mormetasone, predonisolone, predonisene,

tipredane, tixocartal, triamcmotone, and tnamcimalone acetonide; (4) B2-agonist-corhicasteroid

combinations [e.@., salmeterol-fluticasone (AD V AIR®), formoterol-budesonid (5

YMBICORT®)1 : (4) leukotriene D4 receptor antagenists/leukotriene antagonists/1TD4

antagonists (.¢., any compound that is capable of blocking, inhibiting, reducing or otherwise

interrupting the interaction between leukotrienes and the Cys LPI receptor} inchiding but not

limited to: zathinkast, montelukast, montelukast sodium(SINGULAIR@), pranlukast, tralukaat,

pobtlukast, SK.-106,203 and compounds deserthed as having LTD4 antagzonizing activity

described in US. Patent No. 3,565,473; (5) 5 -Hpoxygzenase inhibitors and/or leukotriene

 biosynthesis inhibitors fe.g., cilenton and BAY1005 (CA registry 128253-31-6)); (6) histamine

Hi receptor antagonists/antihistamines (.c., any compound that is capable of blocking, inhibiting,

reducing or otherwise interrupting the interaction between histamine and its receptor) inchiding

but not limited to: ustemuizole, ucrivastine, antezoline, azatudine, azeclastine, astamizole,

bromophenirarmine, brommonheriramine maleate, carbinoxarnine, carebastine, cetirizine,

chlorpheniramine, chloropheniramine maleate, cimetidine clemastine, cyclizine, cyproheptadine,

descarbocthoxyloratadine, dexchiorpheniramune, dimethindene, diphenhydramine,

diphenyipyralme, doxylamine succinate, doxylarnine, ebastine, efletinizine, epinastine,

farnotidine, fexofenadine, hydroxyzine, hvdroxyzime, ketotifen, lovocabastine, levocetirizine,

levocetirizine, loratadine, meclizine, mepyramine, mequitazine, methdilazine, mianserin,

mizolastine, noberastine, norasternizale, noraztemizole, phonindamine, pheniramine, picumast,
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promicthazine, pynlarnine, pyrilamine, ranitidine, tomelastine, terfenadine, trimeprazing,

tripclonarains, and trprohdine; (7) an anticholinergic including but not liovitedto: atropine,

benztropige, biperiden, Hatropaum, hyoscyanune (e.g. Levsin®; Levbid®; Levsin/SL®,
Anaspaz®, Levsinex timecaps®), NuLev®), ilutropium, ipratropium, ipratropium bromide,

methscopolamine, oxybutinin, napenzepineg, scopolamine, and tlotroptum: (8) an anti-taussive

including but not limited to: dextromethorphan, codeine, and hydromerphone; (9) a decongestant

yoclading bat not hrntied to: pacudecphedrine and phenylpropanclaminc: (10) an oxpectorant

including but not limited to: guafencsin, wuaicolsulfate, tcrpin, armmeonrum chioridc, glyccrol

guaicolaic, and iodinated glyceral: (11) « bronchodilator including but not lemtcd to:

theophylline and aminophylline; (12) an anti-inflamrmatory inctuding but not limited to:

fluribiprofen, diclophenac, indomethacin, ketoproten, S-ketroprophon, tenoxicarn; (13) a PDE

(phosphodtesterase} inhibitor inchidine but net lumited to these disclosed herein; (i4) a

recambinant humanized monacional antibody [e.g xolair (also called ornalizurnab), rhuMah, and

talizumab) (13) a humanized lung surfactant includme recombinant forms of surfactant proteins

SE-B, SP-C or SP-D fe. SURFARING, formerly known as dsc-104 (hacovery Laboratorics}],

(iG) aponts that uvhibe epithelial sodium channels (ANaC} such as amiloride and related

compounds: (17) antirnicrobial agents used to treat pulmonary infections such as acyclovir,

amikacin, amoxicillin, doxyeychne, trunethoprin sulfamethoxazole, amphotericin B,

azithronrycin, clarithronrycin, roxithromycin, clarithromycin, cophalasporins{ ceffoxitin,

cetmetazole ete), ciprofloxacin, ethambutol, gentimycin, ganciclovir, imipenem, isoniazid,

itraconazole, penicillin, ribavirin, rifampin, rfabuimamantadine, rimantidine, streptomycin,

tobramycin, and vancomycin: (18) agents that activate chloride secretion through Cat+

dependent chioride channels (suchas purmergic receptor (P2Y(2Z) agonisisy, (19) agents that

decrease sputum viscosity, such as human recombinant DNase 1, (Pulmozyme®)}; (20)

nonsteroidal anti-inflamumatory agents (acemetacin, acctaminophen, acctyl sahtoylic acid,

alclofenac, aiminoprefen, apazone, aspirin, benoxaprofen, bezpiperyion, buclonic acid,

carprofen, cHdanac, diclofenac, diclofenac, diflunisal, diflusinal, etodalac, ferbufen, fenbufen,

fenclofenac, fenciosic acid, fenoprofen, fentiazac, feprazone, flufenamic acid, flufenisal,

flufenisal, flaprofen, fharbinrefen, flurbiproten, furofenac, ibufenac, ibuprofen, mdomethacin,

indomethacin, indoprofen, isoxepac, isoxicam, ketoprefen, ketoprofen, ketorolac, meclofenamic

acid, meclafenamic acid, mefenarnic acid, mefenamicacid, muroprofen, motebutazone,
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nabumetone oxaprozin, naproxen, naproxen, niflumic acid , oxaprozin, oxpinac,

oxyphonbutazone, phenacetin, phenylbutazone, phonylbutazonc, piroxicam, piroxicam,

pirprofen, pranoprofen, sudoxicam, tenoxican, sulfasalazine, sulindac, sulindac, suprofen,

tiaprofenic acid, tlopinac, tloxaprofen, tolfenamic acid, tolmetin, tolmetin, zidametacin,

aomepirac, and zomepirech and (1) aerosolized antioxidant therapentica such as 8-

Niresoglitathione.

Anti-obesity agents

The GCRApeptides desoribed heroemoan be used in combination therany with an anti-

ohesity agent. Suitable such agents mchuide, but are not limited to: 1 IB HSB-i (i i-beta hydroxy

steroid dehydrogenase type 1} inhibitors, such as BWT 349%, BYT 2733, 3-{Ladamanty!}-4-

ethyl-3-(ethyltthio} 4h1-124-triazole, 3-(l-adamantyi}5-G,4.5- trimethoxyphenyi}-4-methyL-4H-

1,2,4-triazole, 3- adarnantany!-1,5,6,7,8,9,10,11,12,3a- decahydro-l,24-triazolo[4,3-alfl

Tlannulene, and these compounds disclased in WOG1/86091, WOO 1/90090, WOO 1/90092 and

WOWIZAI72084, SHT antagonists such as those inWOWS AIS 7271, WOO3/037887, and the like;

SHTia modulators such as carbidona, benserazide and those disclased m USG207699,

WO03/03 1439, and the like; SHT2c (serotonin receptor 2c) agonists, such as BYT9353,

DPCAST2I5, 1K264, PNL 22394, WAY 161503, R-1065, SB 243213 (Glaxe South Kine) and

YM 344 and thase disclosed in US3914256,WO00/77016, WO02/36596, WO02/4¢ 124,

WO02/10169, WOOL/66548, WO02/44152, WOG2/S 1844, WO02/40456, and WO02/40457,

SHT6 receptor modulators, such as those in WOO3/030001, WOOS/035061, W003/039547, and

the like; acyl-estrogens, such as aicoyl-estrone, disclosed in del Mar-Grasa, M. et al, Obesity

Research, $.262-9 (2001) and Japanese Patent Application No. FP 2000256190), anorectic

bicyclic compounds such as [426 (Aventis) and 1954 {Aventis}, and the compounds disclosed in

WOGG/18749, WOG1/22638, WOG1/62746, WOOL/62747, and WO03/G15769, CBI

(cannabingid-1 receptor} antazonist/inverse agonists suck as rimonabant (Acomplia; Sanofi), SR-

147778 (Sanofi), SR-141716 (Sanofi, BAY 65-2526 Gayer), and SLV 319 (Ssivay), and those

disclosed in patent publications US4073587, USSO13K37, LISSOSEL22, UISSLI282G, USS292736,

US5332237, USS62494 1, US6028084, US6509367, US6509367, WOS6/33 159, WO97/29079,

WO08/31227, WOS8/33765, WO98/370G1, WOOR/4 1519, WOOR/43635, WOOK/43636,

WOP9/02499, WO00/10967, WO00/ 10968, WOG1/O9120, WOOL/AS869, WO01/64632,
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WOO 1/64633, WO01/64634, WO01/70700, WOG1/96330, WO0Z/076949, WO03/006007,

WOG38/GO7 887, WO0S/O202 917, WO03/026647, WO03/026648, WOO03/027069, WOUS/027076,

WO08/027 114, WO03/037332, WO03/040 107, WD03/086940, WO03/084943 and EP6S8546;

CCE-A (cholecystekinin-A} agonists, such as AR-R 15849, GI LS1771 €GSE), IMV-180, A-

PESTS, A-71623 and SR1I46131 (Sanofi), and those described in LISS739106, CNTR (Ciliary

neurotrophic factors}, such as GE- 1&i771 (Glaxe-SraithKline}), SRI AGi31 (Seno Synthelabo},

butabindide, PD 176,292, and PD) 149164 (Phizors, CNTF derivatives, such as Axokine®

(Regencron}, and those disclosed in WOO4/09134, WOR/22 128, and WO09/43813. dipoptidy!

peptidase PV COP-1V) miubitors, such as isoleucine thiazolidide, valine pyrrohdidce, NVP-

DPP728, LAP237, PO3/01, P 3298, TSL225 (iryptophyl-1.2,3.4-tetrahydroisoquinoline-3-

carboxylic acid; disclosed by Yamada ot al, Bioorg. & Med. Cherm. Lett. 8 (1998) 1537-1540},

TMC-ZA/2B/2C, COR6 inbibtors, FE 999011, POALO/R364, VIP O177, SDS 274-444, 2-

oyanepyrrehdides and 4-cyanopyrralidides as disclosed by Ashworth et al, Bioorg. & Med.

Chem. Leta, Vol 6, No. 22, pp 1163-1166 and 2745-2748 (1996) and the compounds disclosed

patent publications. WOOG/34501, WO9G/46272, WO9S/67279 (Probiadnizh, WO9S/G727%

(Probiodrug}, WO09/61431 (Probiodrug), WOO2/083 128, WO02/0G2764, WOO3/000180,

WOGS/GG018 1, WO03/000250,WO03/902536, WO03/002531, WOG3/G02553, WOO03402593,

WOO0S004498, WO03/004496,WO03/D 17936, WO03924942, WO08/024065, WO05/033524,

WO08/O37327 and EP125¢476, prowth hormone secretagopue receptor agorists/antaponisis,

suck as NN7O3, hexarclin, MEK-~ 0677 (Merck), SM-130686, CP-424391 Pfizer}, LY 444,711

CER Lith}, £-692,429 and L- 163,255, and such as those disclosed in USSN 09/a62448, US

provisional “pplication 60/203335, USG3as0Si, US2000049196, US2002/022637, WO01/S6592
and WOGZ/32888; HS Chistamime H3) antagonist/iverse ayorists, such as thioperamide, 3-{UH-

imidazol-4- yviipropy! N-(4-pentenyDcarbamuate}, clobenpropit, iodophenpropit, moproxifan,

G12394 (Ghatech), and 4331440, O-[2-H-imudazal-4-ylpropanolicarbamates (Kiec-

Kononowicz, K. et al., Pharrnazic, 35:349-55 (2000), piperidine-containing histamine H3-

receptor antagonists CLazewska, D. et al, Pharmazie, $6:927-32 @0G1), benzophenone

derivatives and related compounds (Sasse, A. et al. Arch. Pharm.Weinheim) 334:45-52 (2001),

substituted N- phenylcarbamates (Reidemeister, S. et al.. Fharmazic, $5:43-6 (2000), and

proxifan derivatives (Sasse, A. etal, J. Med. Chem.. 44:3335-43 (200Q)and histamine H3

receptor modulators such as those disclosed in WOO2Z/15905, WO03/024028 and WO03/024929-
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leptin derivatives, such as thase disclosed in USSSS2524, USSSS2523, USSSS2522, USSS21283,

WO96/225 13, WO96/235 14, WO96/23S 15, WO96/235 16, WO86/23517, WO96/233518,

WO96/23519, and WO06/23520; leptin, Inchuling recombimant human fepim (PEG-OB,

Hoffman Le Roche} and recombinant methiony! hurnan leptin (Amgeni: lipase inhibitors, such

as tetrahydrolipstatin forlistat/Nenicai@), Triton WRI 339, RHCS0267, lipstatin, teasanonin,

diethylumbelhtery! phasphate, FL-386, WAY-I21898, Bay-N-3176, vahlactone, esteracin,

coclactonc A, cbclactonc B, and RHC 80267, and those discloscd in patent publications

WOGL/77094, US4598089, US4452813, USUSSS 12565, USS391571, USS60ZES1, US4405644,

US4189438, and US4242453; lipid metabolism modulators such as masliuc acid, crythrodiol,

ursolic acid nvaol, betulinic acid, betulin, and the like and compounds disclosed in

WOOs/G1 L267, Medr (melanccortim 4 receptar} agonists, such as CHERSG6036 (Chiron), ME-

10142, ME-fG148, and HS-131 (Melacure)}, and those disclosed in POT publication Nos.

WOO64002, WOO0/7T4679, WOO 1/991752, WOO 1/22192, WOO LS2826, WOO 1/74de44,

WOO U/70708, WOOL70337, WOO 1ST 752, WOGZ/059095, WO0Z/G59 197, WO02/4359 108,

WO0Z/9S9 117, WOOR/062 76, WOOZ12166, WOGZ/1I715, WOO02/22178, WO02/1S8909,

WO02/38544, WO02/0683 87, WOOZ/DGR38S, WOO2/0G7869, WOGZ/08 1430, WOGS/06604,

WOGS/GO7949, WO03/000847, WO03/000856, WO03/013509, and WO03/03 1410, MeSr

(melanocortin 5 receptor) modulators, such as those discloaed in WO97/19952, WOOG/15826,

WOG0/15790, US2003009204 1; melanin-concentrating horrnone 1 receptor (MCHE}

antagonists, such as T-226296 (Takeda), SB SGS8S40, SNP-7941 (Synantic), and thase disclosed

in patent publications WOO 1/21169, WOO1/82925, WOOL/S7834, WO02/05 1809,

WOO2/06245, WO02/076929, WO02/076947, WO02/04433, WOO02/S 18098, WOO2/bes 134,

WODL/O4799, WO03/004027, WO03/13574, WOGS/TS769, WOOS/028641, WOO3/035a74,

WO08/033476, WO03/033480, FP13206269, and FP1437059; mGilRS modulators such as these

disclosed 1n WOG3/G292 10, WOO03/047581, WOOS/04R 137, WOG3/G5 1315, WOOS/O5 I R33,

WO03/033922, WO03/059004, and the like, serotoninergic agents, such as fenfluramine (such as

Pondimin® (Rensencethanamine, N-ethyl- aipha-methy1-3-firiflucromethy)-, hydrochloride),

Robbins), dexfenfluramine (such as Redux® (Benzeneethanamine, N-ethyi-alpha-methyi-3-

Grifluoromethyi}-, nydrochioride), interneuron) and sibutramine (Merdia®, Knoll/Reductil™)

including racemic mixtures, as optically pure isomers (+) and (-), and pharmacentically

acceptable salts, salvents, hydrates, clathrates and prodrugs thereof inchiding sibutrarnmne
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hydrochloride monolydrate salis thereat, and thase compounds disclosed in US4746680,

US4806570, and USS 436272, USZ0020006964, WOO 1/27068, and WOO 1/62341, NE

(norepinephrine) transport mhibitors, such as GW320659, despiramineg, talsupram, and

nomifensine: NPY 1 antagonists, such as BIBP3226, 1-115814, BIBO 3304, LY-357897, CP-

671906, GI- Z64879A, and those disclosed in US600 1836, WOG6/14307, WOO1/23387,

WO99/5 1600, WOOL/S5600, WOO1/85098, WOOL/ES173, and WOOL/S9528, NPYS

Creurepeptide Y ¥3) antagonisis, such as 152,804, GW-SG6G1ROA, GW-394884A, CW-

SS7O8LX, GW-S48 118%, PR235206, PREZ6928, FR240662, PRZSZ2384, 12Z29U91, GEZ64879A,

CGOPTIGSSA, LY-377897, LY-366377, PD-L6Q170, SR- 1205624, SR-120819A, HCP-104, and

H409/22 and those compounds disclosed in patent publications US6 140354, USGIG1 160,

US62 18408, US6258837, (S63 13298, US6326275, US6329395, USG335345, LS6337332,

US6329395, US6340683, EPOIGLO69 TL, EP-O1044970, WD97/1 9682, WO97/20820,

WOYT/2082 7, WOOT/20822, WO9T/20823, WO98/27065, WOOO/TO7408, MOOGTEST 14,

WO185736, WO00/648 80, WOGG/68 197, WOOG/69849, WO/G1 13917, WO01/09120,

WOOLT43 76, WOOL/SS714, WOOL/R3 730, WOGL/O7409, WOGL/G2379, WOQ1/23388,

WOG1/23389, WOO 144201, WOG1/62737, WOOLV/G62738, WOOT /09120, WO02/20488,

WOO02/22592, WOG2/48 152, WO02/49648, WO02/O5 1k66, WO0D/084789, WOGs/069845,

WOO0S/014083, WO03/022849, WOO3/O28 726 and Norman et al,1. Med. Chem. 43:4288-43 12

(2000; opioid antagonists, such as nalmefone (REVEX @), 3-methoxynalirexone,

rocthynaltrexone, naloxone, and naltrexone (e.g. PT9O1; Pain Therapeutics, Inc.) and those

disclosed in US2G050004 135 and WO0G/2 1309, orexm anlagonisis, such as SB-334867-A and

those disclased in patent publications WOO 16302, WOOL/68609, WO02/44172, WO02/51232,

WO02/S1 R38, WOOR/DR 9800, WOG2/090355, WO03/023561, WO03/032991, and

WOOS/037847, PDE inhibitors (e.g. compounds which slowthe degradation of cyclic AMP

(CAMP) and/or cyclic GMP (cGMP) byinhibition of the phosphodiesterascs, which can leadto a

relative merease in the intracellular concentration of CAMP and cGMP: possible PDEinhibitors

are primarily those substances whichare io be numbered arnong the class consisting of the PDR

inhibiiors, the class consisting of the PDE4 inhibitors and/orthe class consisting of the PDEA

inhibitors, in particular those substances which can be designated as mixed types of PDE3/4

inhibiiors or as mixed types of PDES/4/5 inhibitors} such as those disclosed in patent

publications DE1470341, DE210843%, DE2123328, DE2302339, DE2305575, DE23 15801,
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DE2402908, DE2413935, DEZ451417, DE2459090, DEZ646469, DEZ727481, DE2825048,

DEQ&837161, DEZ845220, DEZR47621, DE2934747, DE3S021792, DESO38 166, DEAO4456R,

EPOGO?7 1S, EPGGOS40K, EPOD10759, EPO059948, EPOO7S436, EPGQ06S17,FPOLIZGS7, EPOL

16948, EPOI50937, EPOLS83S0. EPO1GI632, EPOIG1918, EPOIG7I21, EPOLSSI27, EPO220044,

EPO247725, EPO2Z58191, EPO2Z72910, EPO272914,BPO294647, EPO3G0726, EPOS3S386,

EPOQ357788, EPO3 89282, EPO0406955, EPO426 180, BPO428302, EPO43SR 11, EPO470805,

EPO4S2208, EPU490R23, EPOSOGI94, EPOS1TIS6S, EPGS27117, EPQ626939, EPOGG47289,

EPOO? 1359, EPOGSS474, EPOGS5475, EPOGKS479, FPOZI34389, JPO4S7Z9GS2, IPSSGLORTS,

US4963561, USST419O3 1, WOSLETOST, WO9200968, WO92 12961, WOS307146, WO93 15044,

WOS3 15045, WO93 18024, WO93 19068, WO93 19720, WO9S19747, WSS 19749,

WOSSLSTSE, WOSSISS17, WOS402465, WO9406423, WOO412461, WOS4 20455,

WO9422852, WO9425437, WO8427947, WO9S005 16, WO9S01980, WO9SO3744,

WOOSK404S, WO9S0d04d6, WOSS0S386, WO9S0RS34, WOSS509823, WO9SN9624,

WOSS09627, WOSS09836, WODS 14667, WO85 14680, WOGS 1468 1, WOOS5 17392,

WOSS 17399, WO95 19362, WOSS22526, WOOS2438 1, WO9S2T69D, WOOS 289726,

WOOSSSPRT, WO9S352R2, W98G002 18, WOSG01R25, WORG02541, WOSGLISTT,

DE3142982, DE! 1166076, DED 162096, EPG2Z93063, EPO463756, EPD4K2208, EPGS79496,

EPOGG7345 USG321543, US20050004222 Gnetuding these disclosed in formulas L XE and

parapraphs 37-39, 85-0545 and 557-5773, WO9307 124, EPOI63965, EPO393500, EPOSLOS62,

EPOSS3 174, WOSS501338 and WO9603399, as well as PIPES inhibitors (such as BK-RA-69,

SCH-5 1866, AT-734, vesnarinone, zaprinast, SKF-96231, BR-21355, BP/GP-385, NM-702 and

siidenafil (Viagra), PDE4d inhibitors (such as ectaxolate, ICI62197, RP73401, umazolidinone

(R3-20-1724), MEM1414 (RES3A/R1500; Pharmacia Roche), denbufylline, roliprar.

oxagrelate, nitraquazone, Y-590, DH-6471, SKF-94120, motapizenc, lixazinonc, indolidan,

olprinone, atizoram, KS-S506-4, diparnfylline, BMY -433S5 1, atizoram, arofviline, filaminast,

POB-003, UCB-29646, CDOP-840, SKP-107806, piclamulast, RS-17597, RS-25344-. 000, SB-

207499, TIBENELAST, SB-2 10667, SR-211572, SB-211600, SB-2 12066, SB-212178, GW-

3600, CDP-k40, mopidamel, anaerelide, ibudilast, amrinone, pimobendan, cilostazol, quazinone

and N-(3,5-dichloropyrid-4-y1)-3-cyclapropyimethoxy4 -diflnoromethoxybenzamide, PDE

inhibliers (guch es TCEIS3, 10G, bemorandane (RW22867), MCT-154, UD-CG 212, sulmazole,

ampizonc, cilostamide, carbazeran, piroximone, imazadan, C1-930, signazodan, adibendan,
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saterminone, SKF-95654, SOF-MES-407, 3490-1-85, emoraden, EMID-S3008, EMD- 87033, NSP-

306, NSP-307, revirinonc, NM-7@2, WHES-6G2482 and WIN-63291, cnoximonc and imubrinonc,

PES/4 inhibitors (such as benafentrine, trequinsim, ORG-20029, sardaverine, L- 686398, SDZ-

ISQ-S44, ORG-20241, EMD-S4622, and tolafentrine) and other PDE inhibitors (such as

vinpocetin, papaverine, enprofylline, cllomilast, fenoximone, pentoxifylline, roflamilast,

tadalafiltCiahs®), theophylline, and vardenafil(Levitra®)}; Neuropentide Y2 CNPY2) agonists

yoclude but arc not honicd to: polypeptide YY and fragments and variants thercot (c.g. Y¥Y3-36

(PY¥3-36 WN. Enel J. Med. 349:941, 2003; INPEAPGE DASPRELNRY VYASLRHYLNL

VTRBORY (SEQ ID NOOAXAYand PYYagonists such as those disclosed in WI002/47712,

WO03/026591, WO03057235, and WOO3A}27637, serotonin reuptake inhibitors, such as,

paroxetine, thioxetine (Prazac'™), fluvoxamine, sertraline, cttaloprara, and imipramine, and

those disclosed in USGI62605, US6365633, WOG3/G0663, WOO 1/27060, and WOO 1/762341;

thyroid hormone B aponists, such as KB-2611 (KareBioRMsSs), andthose disclosed in

WOH}2/1 5845, WO0IO7/2 1993, WO99/00453, GB98/284495, US. Provisional Application No.

60/183.223, and Japanese Patent Application No. FP 2000256190; LICP-L Gincoupling protein- 13,

2,0¢ 3 activators, such as plrytanic acid, 4-[(E}-2-(S, 6,7,8- tetrahydro-5,5,8,8-tetrametivy)-2-

napthalonyi)-i-propenylfbenzorc acid (TTNPB), retinoic acid, and those disclosed in

WOO9/00123, B3 (beta adrenergic receptor 3) agonists, such as AIS677/TAKG677

(Dainippon’Pakeda}, L750355 (Merck), CP33164% (Pfizer), CL-316,243, SB 41879G, BRE-

37344, L-796568, RMS-1960845, BRE-JSIS5A, COPIZI77TA, BTA-243, GW 427353,

Trecadrine, Zeneca D7 L14, N-S984 (Nisshin Kyorin}, LY-377604 (Lilly), SR SOLISA, and those

disclosed in US3541204, USS770615, US3491 134, US3776983, US4eed6d, USS7055 15,

USS45 1677, WOG4/1TSEGL, WOOS/29159, WOUT/46356, WO98/04526 and WOS8/32753,

WOOL/TATE2, WOO2/32897, WOO03/014113, WOOS/G16276, WO03/016307,WOO3/024548,

WOG/G24953 and WO03/037881; noradrenergic agents inchiding, but not Hraited to,

chethylpropion (such as Tenuate® (1- propanone, 2-(diethyiamino)-i -phenyl-, hydrechioride},

Merrell}, dextrosmphetaminefalso known as dextroanyphetarnine sulfate, dexamphetarnine,

dexedrine, Dexampes, Perndex, Oxvdess I, Robese, Spancan #13, mazindol (Cor 3-(p-

chloropheny))-2,5-dihydro-3H- imidazof2,l-afisomdol-3-ol} such as Sanorex@), Novartis or

ipha-tl-aminoethy!}-.,Mazanor®, Wyeth Ayerst), phenyipropanclamine (ar Benzenemethanal, a

a

aul

hydrochioride}, phentermine (for Phenol, 3-[[4,5-duhydro-lR-imidazol-2-yNethy!]i4-
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roethylphony-Damine], monohydroachloride) such as Adipex-P®, Lommon, FASTING, Sraith-

Kine Beechara and lonamin®, Medova), phendimetrazine (or (28,.3$}-3,4-Dimethyl-

2phenyimorpholine L-(+}- tartrate CE: 1}) such as Metra® (Porest} , Plegine®® (Wyeth- Ayerst),

Prelu-2@(Boehringer Ingelheim}, and Ststobex® CLermmon), phendamine tartrate (such as

Thephorin® (2,3,.4,9- Petrahydro-Z-methyl-9-phenyl-lH-indensllZl-cipyridme L-{+Martrate {1

(1), Hoffmann- LaRoche}, methamphetarnine (such as Desoxyn®, Abbot ((S)-N, (aipha}-

diracthyibonzcncethanarmine hydrochloride), and phondirnctrazine tartratc (such as Bontru®

Slow-Keicasc Capsulcs, Amarin (-3,4-Dimoethyl-2-phenyimorpheline Partratc}; fatty acid

coadation uprogulater/inducers such as Farsoxin® CGonscth monarminc oxidase inhibitors

inchicing but not limited to befloxatone, moclobcmmide, broferamie, phenoxathine, csuprone,

befal, toloxatone, pirlindal, amiflamine, sercloremine, baximaprine, lezabomide, milacemide,

caroxazone and other cerlain compounds as disclosed by WOO1/12176; andother anti-obesity

agents such as SHT-2 aporusts, ACC facetyl-CaA carhaxylase) inhibitors such as thase described

in WOO3/072197, aipha-linoic acid (alpha-LA)}, AOD604, appetite suppressants such as those

in WOOG3/4G107, ATL-G62 (Alizyme PLC}, benzocaine, benrphetamine bydrochionde Didrex},

bladderwrack (focus vesiculosus), BRS Chambesin receptor subtype 3) agonisis, bupropion,

caffeine, CCK agonists, chitosan, chrornim, conjupated lincleic acid, corticotropin-releasing

hormous agonists, denydreepiandrasterane, DGATI (diacylelyceral acyitransferaae 1) inhibitors,

DGAT2 (diacylgiveeral acvitransferase 2) inhibitors, dicarboxylate transporter inhibtiors,

ephedra, cxendin-4 (an inhibitor of gip-1} FAS (fatty acid synthase) inhibitors (such as Cerulenin

and (073), fat resorption inhibitors (such as these in WO03/033451, and the fike), fatty acid

transporter inhibitors, natural water soluble fibers (such as psylliura, plantage, guar. oat, pectin),

galanin aniagonisis, yalega (Oeoat's Rue, French Lilac}, parcinia cambogia, germander (leucrhum

chamacdrys)}, ghrelin antibodies and ghrelin antagonists {such as these disclosed in

WOGL/S7335, and WOO02/O8259), polypeptide hormones and variants thereof which affect the

islet ceil secretion, such as the hormones of the secretin/gastric inhibitory polypeptide

(GIP)vasoactive intestinal polypeptide (VIPVpituitary adenylate cyclase activating polypeptide

(PACAPYolucagon-like polypeptide 1 GGLP- iyvelicentin/oglucagon pene family and/or those of

the adrenomedullin/armylin/calcitonin gene related polypeptide (CGRP) gene family

includingGLP-1 (ghicapon- like polypeptide 1) agonists (e.g. (1) exendin-4, (2) those GLP-]

molecules described in US20050130891 including GLP- 1(7-34), GLP-1(7-35), GLP-H7-36) or
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SLP-i(7-37) im tts C-terminally carboxylated or amidated form or as modified GLP-I

pebynoptides and modifications thoroof including these deserthed in paragraphs 17-44 of

US200350 130891, and derivatives derivedfrom GLP-147- 343COOHand the corresponding acid

amide are employed which have the following general formula: R-MNH-

HAEOTPTSDVSYLEGOAAKBFPIAWLYVE-CONED wherein R= Hor an organic compound

having trora 1 to 10 carbon atoms. Preferabby, R is the residue of a carboxylic acid. Particularly

preferredare the following carboxylic acid residuca: formyl, acetyl, propiomyl, isepromonyl,

methyl, cthyl, propyl, isopropyl, n-butyl, scc-trityl, tort- butyl.) and elp-i (ghicagon-like

polypoptide- 1), ghicocorticoid antagonists, ghicose transporter mbhibiters, growth hormone

secretagogues (such as those disclosed and specifically described in USS5536716), intericukin-6

GL-6} and modulators thereof (as in WOO3/0S7237, and the like), L- carnitine, Mc3r

(melanccortin 4 receptor) agonists, MICHUR Gnelanin concentrating hormone 2R)

agonist/antagorists, melanin concentrating hormone antaganists, rmelanocartin aganists (such as

Meflanotan fl or those described in WO 99/64007 and WO 00/74679), nomame herba, phosphate

transporter inhibitors, phytopharm compound 37 (CP 644,673), pynivate, SCD-I (stearoyi-CaAd

desaturase-}} inhibitors, T71 (Tularik, Inc., Boulder CO}, Tapwamate (Popimax®, indicated as

an anti-convulsant which has beon shown to increase weight loss), transcription factor

modulators (such as those discloacd in WO03/026576), B-lydroxysteroid dehydrogenase- |

inhibitors (3 -HSD-1), $-hydroxy-f-methylbutyrate, p57 (Pfizer}, Zonisamide (Zonegran™™,

indicated as an anti-epileptic which has been shown to lead ta weight loss}, and the agents

disclosed in LISZOG301 19428 paragraphs 20-26,

Anti-Inabetic Agents

The OCRApeptides described herein can be usedin therapeutic cormbination with one or

more anti-diabetic agents, inchuding but not limited to: PPARYy agonists such as ghtarones (e.g.,

WAY-126,744, AD SO75, balagitazone, cigiitazone, darglitazone (CP-86325, Pfizer),

englitazone (CP-64722, Pfizer}, isaglitazone (MIET/T&S), MCC- 355 (Mitsibishi disclosed in

USS55940 15), pioglitazene (such as such as Actos’ plogiitazone; Takeda), rosiglitazone

(AY andia<Smi ih Kine Beechans}, rosightazone maleate, troghtazone (Rezulin®, disclosed in

US4572912), rivoghtazone (CS-O1 1, Sankyoh, GL-262570 (Glaxo Welcome), BRE49653

(disclosed in WO98/0533 1), CL¥-0921, 5-BT2B, GW-0207, LG- 100641, IFT-501

(FPNT/P&U3, L-S95645 (Merck), R-119702 (Sankyo/Pfizer}), NIN-2344 (Dr. Reddy/NN}, YM-
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449 (Yamanouchi), LY-300512, LY-519818, R484 (Roche), T131 (Tularik), and the like and

cornpounds disclosed im US4687777, USS002953, USS741803, USS965584, US6150383,

US61 50384, US6166042, US6166043, US6172090, US6211205, US6271243, US62RKO95,

US6303640, US6329404, USS994554, WO97/108 13, WO9T/27857, WOO7/28 115,

WOOT/28 E37 WOST/27847, WOU0/76488, WO03/000085, WOO8A027 1 12, W903/035602,

WO03/048 130, WO03/055867, and pharmacentically acceptable salts thereof, biguanides such

aa metformin bydrochioride CN,N-dirncthylinmdodicarbonimidic diammde hydrochioride, such as

Glucophage™!, Bristal-Myors Squibbk metformin hydrochloride with glyburide, such as

Ghicovance!™, Bristol-Mycrs Squibb); butorrain Gimuidodicarbonimidic diamidc, N-butyl-};

etoformine (-Butyi-2-cthyibipnanide, Schering A. Gy other metformin salt forms (including

where the salt is chosen from the proup of, acetate, benzoate, citrate, fumarate, embonate,

chlorophenoxyacetate, glycotate, palmoate, aspartate, methanesulphonate, maleate,

parachloronhenaxyisobutyrate, forraate, lactate, succtmmate, sulphate, tartrate,

cyclohexanecarboxylate, hexanoate, actanoate, decanoate, hexadecanoate, actodecannate,

benzenesulphanate, triimethoxyhenzoate, paratoluencsulphanste, adamantancearboxylate,

glycoxylate, ghutarnate, pyrrolidoncearboxylate, naphthalenesulphonate, 1-~glucosephosphate,

nitrate, sulphite, dithionate and phosphate}, and phenformin; protcin tyrosine phosphatase- IB

(PTP-IB) inhubitors, such as A-401,674, KR 61639, OC- G60062, OC-K3K39, OC-397962,

MCS52445, MOS2453, [SES PI3715, and those disclosed in WOS9/S85521, WO99/S85 18,

WO99/584592, WOSS/61435, WO03/032916, WOO3/0372982, WO0A/041729, WOO3/O55283,

WO02/26707, WO02/25743, IP2G0Z211476%, and pharmaceutically acceptable salis and esters

thereof, sulfonylureas such as acetohexamide(e.g. Dyrmelor, Eh Lilly}, carbutamide,

chlorpropamide te.o. Diabinese®, Pfizer}, gharmuilide Pfizer), gliclazide @.e. Diameron, Servier

Cenada inch, glimepiride (ee. disclosed in US4379785, such as Amaryl , Aventis}, alipentide,

glipizide te.g, Glacotrol or Glucotrol XL Extended Release, Pfizer), gliquidone, glisolamide,

alyburide/glibenclamide (e.9. Micronase or Glynase Prestab, Pharmacia &Uniohn and Diabeta,

Aventis), islazarmide (2.2. Tolinase), and tolbutamide (¢.¢,. Orinase}, and pharmaceutically

acceptable salts and esters thereof, meglitinides such as repaglinide (e.g. Pranidin®, Nove

Nordisk}, KADI229 (PB/Kissei), and nateglinide (e.@ Starlix@®, Novartis}, and pharmaceutically

acceptable salts and esters thereof, a glucoside hydrolase inhibitors (or gluceside inhibitors} such

as acarbose(e.g. Precose™, Bayer disclosed in US4904769), rightol (such as GLYSET™,
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Pharmacia &Upiohn disclosed in US4639436), camiglibose (Methyl 6-deoxy-6-[(2R.3B4R.35}

3,4,5-tihydroxy-2- Caydroxymoethypiperidinel-alpha-D-eghicopyranoside, Marion Morrell

Dow}, voglibose (Takeda}, adiposine, emightate, pradimicin-Q,salbostatin, CAD-711, MDL-

25,637, MDL- 73,945, and MOR 14, and the compounds disclosed in US4062950, US4174439,

US4254256, US470 1559, US4639436, LISSIG2772, US4634765, USSISTIIG, USSAG4D7S,

USSO9T418, USS217877, USSIO9] and WOO 1/47528 (polyamines); a-amylase inhibtiors such

ae tondamustat, trestatin, and Al-~-3688, and the compounds disclosed in US445 1455,

US46237 14, and US4273765; SGLT2 imhibtors including thosc disclosed in US6414126 and

USGS ISTT?; an aP2 inhibitor such as disclosed in US6548529; msulin scorcatagognues such as

linoghride, A-4d166, forskilin, dibutyrl cAMP, isobutyimethylxanthine UBMA}, and

pharmaceutically acceptable salts and esters thereof: fatty acid oxidation inhibitors, such as

clomoxir, and etomosxir, and pharmaceutically acceptable salts andesters thereat; AZ

antagonists, such as midaghzole, isaghdole, derighdale, idazaxan, earaxan, and fluparoxan, and

gharmaceutically acceptable salts and esters thereat, insulin and related compounds (e.g. insulin

mimetics) such as biota, LP-100, novarapid, msulin detemir, msulin lispro, msulin glareine,

insulin zinc suspension Gente and ultralente), Lys-Pro isulin, GLP-I (1-36) amide, GLP-E(73-7)

Ginsulintropin, disclosed in US5614492), LY-315902 Lilly}, GLP-E C7-36}-NH2}, AL-401

(Autoirarmane), certain compositions as disclosed in US4579730, US4k49405, US4964526,

LSS642868, US57632396, LISS824638, LISS343866, UISG1S3632, USG1S1 195, and WO

#5/05029, and primate, rodent, or rabbit insulin including biclogically active variants thereof

inogieding allehc variants, more preferably human insulin available in recombinant form (sources

of human msulin include pharmaceutically acceptable and sterile formulations such as those

available from Eli Lilly (indianapolis, Ind. 46285) as Hurnilio” Grumaninsulin rQNAorigin),

alsa see the THE PHYSICTAN'S DESK REPERENOE, S3.sup.th Ed. (20013 Medical

Econormcs, Thomson Healthcare (disclosing other suttable human insulins}; non-

thiazolidinediones such as JT-301 and farglitazar GGW-2570/GE- 262579), and pharmaceutically

acceptable salts and esters thereof, PPARa/y dual agonists such asAR-HO39249 (Astrazeneca),

OW-400544 (Glaxo-Wellcome), BYT-142, CLX-0940, GW-1536, GW-1929, GW-Z433, KRP-

297 (cyorm Merck: 5-[(2,4-Dioxo thiazelidinymethyl] methoxy-N-[]4-

CGrifluoromethyphenyl | methylibenzamide}, 1-796449, LD R-OG, MIS-O767

(Merck/Kyorny/Barnyu), SB 219994, muraglitazar (BMS), tesaghizar (Astrazeneca), reglitazar
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(FPT-SO1) and those disclosed in WOS99/16738, WO09/193 13, WOS9/20614, WO90/3K8S0,

WOGG/22415, WOGG/23417, WOG00/23445, WO00/504 14, WOO1/00579, WO01/791 50,

WO0Z/062798, WO03/00445%, WO03016263, WO03/018010, WOGAS3348 1, WO03033450,

WO03/033453. WO03/043985, WO 031053976, US. application Ser. No. 09/664,598, filed Sep.

18, 2000, Murakami et al. Diabetes 47, 1841-1847 (1998), and pharmaceutically acceptable salts

and esters thereof, other imsulin sensitizing drugs: VPACZ receptor agonists; GLK. modulators,

such as those disclosed in WO03/014774; retinoid modulators such aa those disclosed im

WO03/0G0249, GSK 3B/GSK 3 inhibitors such as 4-[2-(2-bramophenyl}--4-(4-fluorephenyi-lH-

uridazol-3~ yileyridine and those corapounds disclosed m WO03/024447, WO03/037869,

WO03/037877, WO03/03 7891, WOG3/G68773, EPI2Z9S584, BPI2ZE5Ke¢5, and the like; glycogen

phosphorylase G(iGLPa) inhibitors such as CP-368,296, CP-316,819, BAYR3401, and

compounds disclosed m WO 1/94300, WO02/20530, WO03/037864, and pharmaceutically

acceptahle salts ar esters thereaf; ATP consumption promotors such as those disclosed in

WO03/00799O, TRBS inhibitors: vanilloid receptor ligands such as those disclosed in

WOOS/D49702, hypoglycemic agents such as those disclosed in WOQS/Q1S78 1 and

WOGR/G40114; givcoegen synthase kinase 3 inhibitors such as thease disclased in WOI03/035663

agents such as those disclosed in WO90/51225, US20030 134890, WOGL/24786, and

WO0S/059876; insulin-responsive DNAbinding protein-1 G@RDBP-D as disclosed in

WOO3/O57827, and the like; adenosine A? antagonists such as those disclosed in WO03/035639,

WO03/034640, and the like: PPARS agonists such as GWS01516, GW 390735, and cormpounds

disclosed in FP 10237049 and WO02/14291)° dipeptidy] peptidase PV (DP-1V) inhibitors, suchas

isoleucine thiazolidide, NVP-DPP728A (1- [E[2-[(5-cyanopyridin-2-

yDamunglethy aminefacetvl}-2-cyano-+5pyrrolidine, disclosed by Hughes et al, Biochernistry,

38(36}, 11397-11603, 1909), P32/O8. NYP-LAP-237, P3208, TSL225 (tryptophyl-12.3,4-

tetrahydro-isoguinohue-3-carboxylhic acid, disclosed by Yamadaet al, Bioorg. & Med. Cherm,

Lett. 8 (109%) $337-1540), valine pyrralidide, TMC-2A/2B/2C, CD. 26 inhibitors, PESOSGHI,

PO31Q/K364, VIP O177, DPP4, SDF 274-444, 2-cyanopyrrahidides and 4-cyanopyrrolidides aa

disclosed by Ashworth et al, Bioorg. & Med. Cham. Lett, Vol 6, No. 22, pp 1163-1166 and

2745-2748 (1996) ,and the compounds disclosed in US6395767, US6573287, US639S767

(compounds disclosed inchide BMS-477118, BMS-471211 and BMS 338,365), WO90/3#5G1,

WOOOG6272, WO99/67279, WO99/67278, WO99/6 143 IWOO08/G04408, WO03/00d496,
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EPi2SS8476, WOOD/083 128, WO02/062764, WO03/000256, WO03/002530, WO03/002541,

WO303/002553, WO03/002593, WO03/000 186, and WOG3/0001K1, GLP-I agonists suchas

exendin-3 and exendin-4 (inchuding the 39 aa polypeptide synthetic exendin-4 called

Exenstide®)}, and compounds disclosed in US2003087821 and NZ 304256, and

pharmaceutically acceptable salts and esters thereaf, peptides including amlintide and Syrmilin®

(pramlintide acetate}; and giycokinase activators such as those disclosed in USZG02103 199

(fused heteroaromatic compounds) and WO02/48 106 Gseomdohn-l-onc-substituted propionamide

compounds}.

Paosphodiesterase tnhihitors

The GCRA peptides described herein can be used in combination therapy with a

phosphodiesterase inhibitor. PDE mbhibitors are those compounds which slow the degradation of

oyche AMP (cAMP) and/or cyche GMP (cGMP) by inhibitien of the phasphocicsterases, which

can lead to a relative increase in the intracelhiar concentration of oc AMP and/or cGoMP.

Possible PDE mbhibiters are primarily thease substances which are ta be numbered among the

clase consisting of the PDE3 inhibitors, the class consisting of the POEinhibitors and/or the

class consisting of the PDES inhibitors, in particular those substances which can be designated as

mused types of PES/4 inhibitors or as mixed types of PDES/4/S inhibitors. By way of exaniple,

those PDE inhibitors may be mentioned such as are described and/or claimed in the following

patent applications and patents: DEL470341, DE? 108438, DR2123328, DE2305339,

DE2Z30S5575, DEZS1SS801, DE2402908, DE2413945, DEZ4S1417, DEZ45 9090, DE2646469,

DEDT27481, DE2825046, DEZSS7161, DEBR4S220, DE2847621, DE2934747, DEIO2 1792,

DE3038166, DE3044568, EPGOGO7IS, EPOOOS408, EPODLO759, EPOOS9945, EPGG7S436,

EP0096517, EPOL129%7, EPOL 1694K, EPO150037, EPOES&380, EPGIGIG32, EPGIGIOLY,

EPOLO7I2Z1, EPG199127, EPO220044, EPO247725, EPQ2ZS8 191, EPG272916, EPORT2914,

BPOIS4647, EPOSOO726, EPO335386, EPO357788, EPGA89282, EPO406956, EPO4DO1 80,

EPO428302, EPO435811, EPO470805, EPO4R 220K, EPDA90K23, EPOSG6194, EPOS 11865,

EPOS27117, EPO626939, EPO664289, EPOG7I3R9, EPOGR5474, EPOO8S475, EPG68S479,

FPOZ234389, TPO4329652, WPOSG1OS75, LS. Pat. Nos. 4,963,561, 5.14b,931, WOOLIL79O1,

WO92G0968, WO92 12961, WI9307146, WOSS 15044, W003 13645, WOSR 18024,

WOO3 19068, WO93 19720, WO9S 19747, WO93 1974, WOS3 19751, WOOS28S17,
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WOS402465, WO0406423, WOS41 2461, WO84204545, WOS422852, WO0425437,

WODAZTOAT, WO95S005 16, WO950 1980, WO9S03 794, WOOS04045, WOSS04D48,

WO9S05386, WOSSOKS34, WO8509623, WOSS08624, WEOS509627, WO9SGO834,

WO8S 14667, WO9S 14680, WOOS 14681, WO9S 17392, WO95 17399, WO9S 19362,

WOOS22520, WO95Z24481, WO9S2 7692, WO9578926, WOSS3528 1, WSS 35282,

WOS6002 18, WOU6GLBZS, WOSG02541, WOSGIIOL7, DES 142982, DEL 116676, DE2162096,

EPO293063, EPO463756, EPO482208, EPOS7T9496, PPQ667345 USG33 1,343, US2O0S00042 22

Gnecluding those disclosed in formulas I-X1U and paragraphs 37-39, 85-0545 and 357-577} and

WOO307 124, EPO163965, EPO393500, EPOS 10562, EPOS52174, WOSSO1338 and WOS603399,

PDES inbibttors which may be mentioned by way of example are RX-RA-69, SCH-S1866, KT-

734, vesnarmone, zaprinast, SKP-96231, ER-2LSSS, BRAGP-3R5, NM-702 and sildenafil

(Viagra®), PDE4 inhibtors which may be mentioned by way of example are RO-20-1724,

MEM 1414 (R1S33/R 1500; Pharmacia Roche}, DENBUPFYLLINE, ROLTPRAM,

OXAGRELATE, NITRAQUAZONE, ¥-590, DH-6471, SK F-94120, MOTAPIZONE,

LISAZTNONE, INDOLIDAN, OLPRINONE, ATIZORAM, KS-S06-G, DIPAMPYLLENE,

BMY-43351, ATLAQRAM, AROPYLLINE, FILAMINAST, PDRB-093, UICH-29646, CDP-240,

SKE. 107606, PICLAMILAST, RS- 17597, RS-25344-000, SB-207499, TIBENELAST) SB-

210667, SB-211472, SB-211600, SB-212066, SR-212179, GW-3606, CDP-840, MOPIDAMOL,

ANAGRELIDE, IBUDILAST, AMRINONE, PIMOBENDAN, CILOSTAZOL, GUAZINONE

and N-(3,5-dichloropyrid-4-yl}-3-cyclopropymethoxy-difluoromethoxybenzamide, PDE3

inhibliors which may be mentioned by way of example are SULMAZOLE, AMPIZONE,

CHLOSTAMIDE, CARBAZERAN, PIROSIMOME, IMAZODAN, C1930, SIGUAZODAN,

ADIBENDAN, SATERINONE, SKRF-95654, SDY-MBS&-492, 349-U-85, EMORADAN, EMD-

33998, EMD-57033, NSP-306, NSP-307, REVLAENONE, NM-702, WEN-62382 and WIN-

63291,ENOXIMOMNE and MILRINONE, PDES/4 mhibitors which may be mentioned by way of

exainple are BENAPENTRINE, TREOUINSIN, ORG-30029, ZARDAVERINE, L-G86398,

SDY-ISO-844, ORG-20741, EMD-54622, and TOLAPENTRINE. Other PISE inhibttors include:

cliomilast, pentoxifyHine, roflumilast, tadalafil(Cialis®@), theaphylline, and vardenafil{Levitra®},

zaprinast (PDES snecitic}.
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Anti- Uterine Contractions Agents

Tho GCRA peptides described herein can be used in combination therapy Cfor oxarnplo,

in order to decrease or inhibit uterine contractions) with a tocolytic agent including but not

limited to beta-adrenergic agents, magnesium sulfate, prostaglandin inhibitors, and calcium

channel Blockers.

Antl- Neanlaslic Agents

‘Phe GCRApoptides described hercin can be used in combination therany with an

antincoplastic agents melding but not lamicd to alkylating agcnis, cprpodophyHotoxins,

nitrosoureas, antimetabolites, vinca alkaloids, anthracycline antibiotics, mirogen mustard agents,

and the like. Particular anti-neoplastic agents may include tamoxiton, taxol, ctopaside and 3-

Huorouracil.

The GORA neptides described herein can be used m combination therany (for exarnple

as in a chemotherapentic composition} with an antiviral and monoclonal antibodytherapies.

Agents to treat Cangestive Heart Fatlure

The GCRA neptides described herein can be used in combination therapy Cor example,

in prevention/ireatment of congestive heart failure or another method described herein} with the

partial agonist of the nociceptin receptor OBLE described by Dooley et al. (The Journal of

Pharmacology and Experimental Therapeutics, 243 (2): 735-741, 1907). The agonist is a

hexapeptide having the ammo acid sequence Ac- RVY(RI) (WD (RED-NH? ("the Dooley

polypeptide"), where the brackets show allowable variation of arnino acid rosiduc. Thus Dooley

polypeptide can include but are not hmited to RYYRWR, RYVYRWE, KWRYYR, RYYRWK,

RYYRWE(alh-D amin acids) RYYRIB, RYYRIBR, RY YEIR, RYYRIR, RYYAWR,

RYYKWREK, RYYRWR, RYYRWK, RYYRIK, RYYRWR, RYYEKWK, RYYRWKand

RYYR WE, wherein the amine actd residucs ere in the L-form unless otherwise apocified. The

GCRA peptides describedherein can also be used m combination therapy with polypeptide

conmugeate modifications of the Dooley polypeptide described m WOOLG8324.

DOSAGE

Dosage levels of active ingredients in a pharmaceutical composition can also be varied so as

to achievea transient or sustained concentration of the compoundin a subject, especially in and
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around the site of inflammation or disease area, and to result in the desired response. It is well

within the skill of the art to start doses of the compoundat levels lower than required to achieve

the desired effect and to gradually increase the dosage until the desired effect is achieved. It will

be understood that the specific dose level for any particular subject will depend on a variety of

factors, including body weight, general health, diet, natural history of disease, route and

scheduling of administration, combination with one or more other drugs, and severity of disease.

An cffective dosage of the composition will typically be between about 1 ug and about 10

mgper kilogram body weight, preferably between about 10 ug to 5 mg of the compound per

kilogram body weight. Adjustments in dosage will be made using methodsthat arc routine in the

art and will be based upon the particular composition being used and clinical considerations.

The guanylate cyclase receptor agonists used in the methods described above may be

administered orally, systemically or locally. Dosage forms include preparations for inhalation or

injection, solutions, suspensions, emulsions, tablets, capsules, topical salves and lotions,

transdermal compositions, other known peptide formulations and pegylated peptide analogs.

Agonists may be administered as either the sole active agent or in combination with other drugs,

e.g., an inhibitor of cGMP-dependent phosphodiesterase and anti-inflammatory agent. In all

cases, additional drugs should be administered at a dosagethat is therapeutically effective using

the existing art as a guide. Drugs may be administered in a single composition or sequentially.

Dosagelevels of the GCR agonist for use in methods ofthis invention typically are from

about 0.001 mg to about 10,000 mgdaily, preferably from about 0.005 mg to about 1,000 mg

daily. On the basis of mg/kg daily dose, either given in single or divided doses, dosages

typically range from about 0.001/75 mg/kg to about 10,000/75 mg/kg, preferably from about

0.005/75 mg/kg to about 1,000/75 mg/kg.

Thetotal daily dose of each inhibitor can be administered to the patient in a single dose,

or in multiple subdoses. Typically, subdoses can be administered two to six times per day,

preferably two to four times per day, and even more preferably twoto three times per day.

Doses can be in immediate release form or sustained release form sufficiently effective to obtain

the desired control over the medical condition.

The dosage regimento prevent, treat, give relief from, or ameliorate a medical condition

or disorder, or to otherwise protect against or treat a medical condition with the combinations

and compositions of the present invention is selected in accordance with a variety of factors.
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These factors include, but are not limited to, the type, age, weight, sex, diet, and medical

condition of the subject, the severity of the discasc, the route of administration, pharmacological

considerations such asthe activity, efficacy, pharmacokinetics and toxicology profiles of the

particular inhibitors employed, whether a drug delivery system is utilized, and whether the

inhibitors are administered with other active ingredients. Thus, the dosage regimen actually

employed may vary widely and therefore deviate from the preferred dosage regimenset forth

above.

EXAMPLES

EXAMPLE1: SYNTHESIS AND PURIFICATION OF GCRA PEPTIDES

The GCRA peptides were synthesized using standard methods for solid-phase peptide

synthesis. Either a Boc/Bzl or Fmoc/tBu protecting group strategy was seleceted depending upon

the scale of the peptide to be produced. In the case of smaller quantities, it is possible to get the

desired product using an Fmoc/tBu protocol, but for larger quantities (1 g or more), Boc/Bzl is

superior.

In each case the GCRA peptide wasstarted by cither using a pre-loaded Wang (Fmoc) or

Merrifield (Boc) or Pam (Boc)resin. For products with C-terminal Leu, Fmoc-Leu-Wang (D-

1115) or Boc-Leu-Pam resin (D-1230) or Boc-Leu-Merrifield (D-1030) Thus, for peptides

containing the C-terminal d-Leu, the resin was Fmoc-dLeu-Wang Resin (D-2535) and Boc-

dLeu-Merrifield, Boc-dLeu-Pam-Resin (Bachem Product D-1230 and D-1590, respectively) (SP-

332 andrelated analogs). For peptides produced as C-terminal amides, a resin with Ramage

linker (Bachem Product D-2200) (Fmoc) or mBHA(Boc) (Bachem Product D-1210 was used

and loaded with the C-terminal residueas the first synthetic step.

Fmoc-tBu Overview

Each synthetic cycle consisted deprotection with 20% piperidine in DMF. Resin washes

were accomplished with alternating DMF and IpOH to swell and shrink the resin, respectively.

Peptide synthesis elongated the chain from the C-terminus to the N-terminus. Activation

chemistry for each amino acid was with HBTU/DIEAin a 4 fold excess for 45 minutes. In

automated chemistries, each amino acid was double coupled to maximize the coupling

efficiency. To insure the correct position of disulfide bonds, the Cys residues were introduced as

Cys(Acm)at positions 15 and 7. Cys(Trt) was positioned at Cys4 and Cys12. This protecting
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group strategy yields the correct topoisomeras the dominant product (75:25). (For enterotoxin

analogs, a third disulfide bond protecting group (Mob) wasutilized).

For peptides containing C-terminal Aeea (aminoethyloxyethyloxyacetyl) groups, these

were coupled to a Ramage amide linker using the sameactivation chemistry above by using an

Fmoc-protected Aeea derivative. The Cys numbering in these cases remains the same and the

positioning of the protecting groups as well. For the peptides containing the N-terminal extension

ofAcca, the Cys residue numbering will be increased by three Cys4 becomes Cys7, Cys12

becomes Cys15; Cys7 becomes Cys10 and Cys 15 becomes Cys18. The latter pair is protected

with Acm and the formerpair kecps the Trt groups.

For analogs containing D-aminoacid substitutions, these were introduced directly by

incorporating the correctly protected derivative at the desired position using the same activation

chemistry described in this document. For Fmocstrategies, Fmoc-dAsn(Trt)-OH, Fmoc-

dAsn(Xan)-OH, Fmoc-dAsp(tBu)-OH, Fmoc-dGlu(tBu)-OHand for Boc strategies, Boc-

dAsn(Xan)-OH, Boc-dAsn(Trt)-OH, Boc-dAsp(Chx), Boc-dAsp(Bzl)-OH, Boc-dGlu(Chx)-OH

and Boc-dGlu(Bzl)-OH would beutilized.

Each peptide is cleaved from the solid-phase support using a cleavage cocktail of

TFA:H20:Trisisopropylsilane (8.5:0.75:0.75) ml/g of resin for 2 hr at RT. The crude deprotected

peptideis filtered to remove the spent resin beads and precipitated into ice-cold diethylether.

Each disulfide bonds was introduced orthogonally. Briefly, the crude synthetic product

was dissolved in water containing NH,OHto increase the pH to 9. Following complete

solubilization of the product, the disulfide bond was made between the Trt deprotected Cys

residuesbytitration with H2O2. The monocyclic product was purified by RP-HPLC. The purified

mono-cyclic product was subsequently treated with a solution of iodine to simultaneously

remove the Acm protecting groups and introduce the seconddisulfide bond.

For enterotoxin analogs, the Mob group was removedvia treatment of the dicyclic

product with TFA 85% containing 10% DMSO and 5% thioanisole for 2 hr at RT.

Each product was then purified by RP-HPLC using a combination buffer system of

TEAPin H20 versus MeCN,followed by TFA in H2O versus MeCN.Highly pure fractions

were combined and lyophilized. The final product was converted to an Acetate salt using either

ion exchange with Acetate loaded Dow-Ex resin or using RP-HPLC using a base-wash step with

NH,OAcfollowed by 1% AcOH in water versus MeCN.
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It is also possible to prepare enterotoxin analogs using a random oxidation methodology

using Cys(Trt) in Fmoc or Cys(McB)in Boc. Following cleavage, the disulfide bonds can be

formed using disulfide interchange redox pairs such as glutathione (red/ox) and/or

cysteine/cystine. This process will yield a folded product that the disulfide pairs must be

determined as there would be no way of knowing their position directly.

Boc-Bzl Process

Peptide synthesis is initiated on a Merrificld or Pam pre-loaded resin or with mBHA for

peptides produced as C-terminal amides. Each synthetic cycle consists of a deprotection step

with 50% TFA in MeCL2. Theresin is washedrepetitively with MeC12 and MeOH. The TFA

salt formedis neutralized with a base wash of 10% TEA in MeC12. The resin is washed with

MeCl2 and MeOHandlastly with DMFprior to coupling steps. A colorimetric test is conducted

to ensure deprotection. Each coupling is mediated with diisopropyl carbodiimide with HOBTto

form the active ester. Each coupling is allowed to continue for 2 hr at RT or overnight on

difficult couplings. Recouplings are conducted with either Uronium or Phosphonium reagents

until a negative colorimetric test is obtained for free primary amines. The resin is then washed

with DMF, MeCl2 and MeOHandprepared for the next solid-phase step. Cys protection utilizes

Cys(Acm)at positions 7 and 15, and Cys(MeB)at Cys 4 and Cys12.

Cleavage and simultaneous deprotection is accomplished by treatment with HF using

anisole as a scavenger (9:1:1) ml:ml:g (resin) at O°C for 60 min. The peptide is subsequently

extracted from the resin and precipitated in ice cold ether. The introduction of disulfide bonds

and purification follows the exact same protocol described above for the Fmoc-produced

product.

EXAMPLE 2: JN VITRO PROTEOLYTIC STABILITY USING SIMULATED GASTRIC FLUID

(SGF) DIGESTION

Thestability of SP-304 in the presence of simulated gastric fluid (SGF) was determined.

SP-304 (final concentration of 8.5 mg/ml) was incubated in SGF (Proteose peptone (8.3 g/liter;

Difco), D-Glucose(3.5 g/liter; Sigma), NaCl (2.05 g/liter; Sigma), KH 2PO, (0.6 g/liter; Sigma),

CaCl, (0.11 g/liter), KC] (0.37 g/liter; Sigma), Porcine bile (final 1 X concentration 0.05 g/liter;

Sigma) in PBS, Lysozyme (final | X concentration 0.10 g/liter; Sigma) in PBS, Pepsin (final 1 X

concentration 0.0133 g/liter; Sigma) in PBS). SGF was madeon the day of the experiment and
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the pH wasadjusted to 2.0 + 0.1 using HCI or NaOHas necessary. After the pH adjustment,

SGPis filter sterilized with 0.22 um membranefilters. SP-304 (final concentration of 8.5

mg/ml) was incubated in SGF at 37°C for 0, 15, 30, 45, 60 and 120 min, respectively, in

triplicate aliquots. Following incubations, samples were snap frozen in dry ice then stored in a -

80°C freezer until assayed in duplicate.

Figure 1A is a bar chart showingthe biological activity of SP-304 after incubation with

SGF for times as indicated. The activity at 0 min was taken as 100%. The data are an average of

triplicates + SD for each data point. The data demonstrate that SP-304 is not sensitive to

digestion with SGF. In addition, the data also suggest that the activity of SP-304 is not affected

by exposure to the acidic pH of the SGF.

These results were further confirmed by the HPLC analysesof the samples after digestion

with SGF. Here, aliquots of samples from all digestions were analyzed using a previously

developed method for analyzing SP-304 peptide using HPLC. Samples from the SGF digestions

were diluted to give a final concentration 0.17 mg/mL of SP-304. Figure 1B shows HPLC

chromatographs of SP-304 samples after incubation with SGFat indicated times. The major

peak of SP-304 did not change following digestion with SGF, indicating that the peptide was

resistant to SGF digestion.

EXAMPLE 3: JIN VITRO PROTEOLYTIC STABILITY USING SIMULATED INTESTINAL FLUID (SIF)
DIGESTION

The stability of SP-304 was also evaluated after incubation with simulated intestinal fluid

(SIF). SIF solution was prepared by the methodas described in the United States

Pharmacopoeia, 24th edition, p2236. The recipe to prepare SIF solution was as described below.

The SIF solution contained NaCl (2.05 g/liter; Sigma), KH 2PO, (0.6 g/liter; Sigma), CaClz (0.11

g/liter), KCI (0.37 g/liter; Sigma), and Pacreatin 10 mg/ml. The pH wasadjusted to 6 and the

solution wasfilter stcrilized. A solution of SP-304 (8.5 mg/ml) was incubated in SGF at 37°C

for 0, 30, 60, 90, 120, 150 and 300 minrespectively,in triplicate aliquots. Following

incubations, samples were removed and snap frozen with dry ice and stored in a -80°C freezer

until assayed in duplicate. Figure 2A is a bar chart showing the ability of SP-304, after

incubation in SIF for timesas indicated, to stimulate cGMPsynthesis in T84 cells. The cGMP
 stimulation activity at 0 min was taken as 100%. The data are an average of3 triplicates + SD.
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The data indicated that the biological activity of SP-304 is reduced by 30% following digestion

with SIF. This could be duc to degradation of the peptide. Hence, samples after digestion with

SIF were further analyzed by HPLC.

The integrity of SP-340 peptide exposed to SIF was evaluated by HPLC byessentially

using the method described for SGF digestion. Figure 2B is a schematic representation of the

results of HPLC chromatographic analyses of SP-304 samples after incubation with heat-

inactivated SIF for 300 min, and SIF for 120 min, respectively. The major peak of SP-304,

whichelutes at 16.2 min was converted into another peak at 9.4 min and a few minorpeptide

peaks. Thus, it was important to find out structures of the metabolites of SP-304 producedafter

digestion with SIF. SP-304 peptide was incubated with SIF for various times andthe peptide

digestion products were isolated and subjected to structure elucidation by MS analysis.

Figure 3 is a schematic representation of the possible metabolites of SP-304. The major

degradation products involve N and D clipped from the N-terminus and L from the C-terminus

of SP304. However, there was only 30% reduction in biological activity, implying that one or

moreof the degradation products were also biologically active. To addressthis possibility,

several truncated peptides were synthesized and evaluated for their abilities to stimulate cGMP

synthesis in T84 cells (Figure 4).

Figure 4 showsdata from the analyses of various peptides in the T84 ccll cGMP

stimulation assay (essentially as described in Shailubhai,et a/., Cancer Research 60, 5151-5157

(2000) . Briefly, confluent monolayers of T-84 cells in 24-well plates were washed twice with

250 wl of DMEMcontaining 50 mM HEPES(pH 7.4) and pre-incubated at 37°C for 10 minutes

with 250 ul of DMEM containing 50 mM HEPES(pH 7.4) and 1 mM isobutyl methylxanthine

(IBMX). Monolayers of T84 cells were then incubated with 250 ul of DMEM containing 50 mM

HEPES(pH 7.4) containing one of the peptides shownin the Figure 4 at a concentration of 1.0

uM for 30 min. After the 30 min incubation, the medium wasaspirated and the reaction was

terminated by the addition of 3% perchloric acid. Following centrifugation and the addition of

NaOH (0.1 N) to neutralize the pH, intracellular cGMP levels were determined in lysates using a

cGMPELISAkit (Cat. No. 581021 ; Cayman Chemical, Ann Arbor, MI). Samples were run in

duplicates incubations and each sample was run as duplicates in ELISAtest.
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The data suggest that the leucine (L) residue at the C-terminus of SP-304 contributes to

the biological potency of the peptide. For example, there was considerable reduction in potency

when L was deleted from SP-304, as in SP-338. Similarly, the peptides SP-327, SP-329 and SP-

331, without L at the C-terminal, also showed 20-25% reduction in biological potency as

comparedto their counterpart peptides with L at the C-terminus, as in SP-326, SP-328 and SP-

330 peptides. In addition, results also suggest that amino acid residues at the N-terminus might

also be important for stability and/or potency of the peptides. Based on these results, several new

peptides were synthesized with D-forms of amino acids replacing the corresponding L-formsat

the C- and N-tcrmini of the peptides. These peptides were evaluated for their abilitics to

stimulate cGMP synthesis in T84 cells as shownin Figure 5.

The results presented in Figure 5 suggest that substitution of L-amino acids with D-amino

acids at the C- and N-termini did not significantly alter their potency. Peptides SP-332, SP-333

and SP-335 showed comparable ability to stimulate cGMP synthesis in T84 cells. On the other

hand,the substitution of L-leucine with D-leucine at the 6” position in SP-337 resulted in a

complete loss in its ability to stimulate cGMP synthesis in T84 cells. These results suggest that

the amino acid residues Asn, Asp and Glu at the N-terminus and Leuat the C-terminus can be

replaced with their respective D- amino acid forms. However, the leucineat the 6" position can

not be replaced with its D-form.

Figure 7 (A-F) showsthestabilities ofpeptides SP-332, SP-333 and SP-304 when

incubated with SIF for two hours. The results demonstrated that the peptide SP-333, which has

D-Asnat the N-terminus and D-Leuat the C-terminus, was virtually completely resistant to

digestion with SIF (Figure 7F), and remained virtually 100% biologically active after a two hour

incubation in SIF (Figure 7A). The peptide SP-332 with D-Leu at the C-terminus showed some

reduction in potency following the 120 min incubation with SIF (Figure 7B). However, the

HPLCanalyses of SP-332 did not reveal any degradation of the peptide (Figure 7E), suggesting

that these peptides are completely resistant to proteoysis by SIF. On the other hand, the peptide

SP-304 lost about 30% ofits potency following digestion with SIF for just one hour (Figure 7C).

The HPLC analysis of SP-304 following SIF incubation confirmed its degradation (Figure 7D).

These results suggest that the peptide SP-304 undergoes protcolysis following incubation with

SIF, whereas substitution of L-Asn with D-Asnat the N-terminus plus the substitution of L-Lcu
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with D-Leu at the C-terminus protects SP-333 against digestion with SIF. Thus, the peptide SP-

333 appcars morcstable and potent as a drug candidate.

EXAMPLE4: CYCLIC CGMP STIMULATION ASSAYS

The ability of the GCRA peptide to bind to and activate the intestinal GC-C receptor was

tested by usingT 84 human colon carcinomacell line. Human T84 colon carcinomacells were

obtained from the American Type Culture Collection. Cells were grown ina1:1 mixture of

Ham's F-12 medium and Dulbecco's modified Eagle's medium (DMEM) supplemented with 10%

fetal bovine serum, 100 U penicillin/ml, and 100 ug/ml streptomycin. The cells were fed fresh

medium every third day and split at a confluence of approximately 80%.

Biological activity of the GCRA peptides was assayed as previously reported (Shailubhai,

et al., Cancer Research 60, 5151-5157 (2000)). Briefly, the confluent monolayers of T-84 cells

in 24-well plates were washed twice with 250 ul of DMEM containing 50 mM HEPES(pH7.4),

pre-incubated at 37°C for 10 min with 250 ul of DMEM containing 50 mM HEPES(pH7.4)

and 1 mM isobutylmethylxanthine (IBMX), followed by incubation with GCRA peptides (0.1

nM to 10 .mu.M)for 30 min. The medium was aspirated, and the reaction was terminated by the

addition of 3% perchloric acid. Following centrifugation, and neutralization with 0.1 N NaOH,

the supernatant was useddirectly for measurements of cGMP using an ELISA kit (Caymen

Chemical, Ann Arbor, Mich.).

Figure 6 showsresults from the experiments evaluating potency of peptides that are

similar to the £. coli enterotoxin ST peptide in the cGMPstimulation assay (as above). Among

these the peptides SP-353 and SP-354 were foundto be quite potent to stimulate cGMP synthesis

in T84cells. Particularly, the peptide SP-353 that has Ser residue at the 6" position was foundto

be the most potent among the peptides tested. The peptide SP-355 that has D-Tyrat the C-

terminus showed potency markedly less than the other peptides.

EXAMPLE 5: PEGGYLATED PEPTIDES

An additional strategy to render peptides moreresistant towards digestion by digestive

proteases is to peggylate them at the N- and C-terminus. The peptide SP-333 was peggylated

with the aminocthyloxy-cthyloxy-acctic acid (Acca) group at the C-terminus (SP-347) or at the

N-terminus (SP-350) or at both termini (SP-343). Cyclic GMP synthesis in T84 cells was

measured by the methodas described above.
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The peptides SP-347 and SP-350 showed potencies comparable to SP-333 in their

abilities to stimulate cGMPsynthesis in T84 cells. However, peptide SP-343 was considerably

less potent as compared to the other peptides tested. The pooractivity of SP-343 might be due to

the considerable steric hindrance afforded by the large Aecea groupsat both termini.

EXAMPLE 6: COMBINATION OF GUANYLATE CYCLASE AGONISTS WITH PHOSPHODIESTERASE

INHIBITORS

Regulation of intracellular concentrations of cyclic nucleotides (7.e., cAMP and cGMP)

and thus, signaling via these second messengers, has been generally considered to be governed

by their rates of production versus their rates of destruction within cells. Thus, levels of cGMP in

tissues and organs can also be regulated by the levels of expression of cGMP-specific

phosphodiesterases (C(GMP-PDE), which are generally overexpressed in cancer and

inflammatory diseases. Therefore, a combination consisting of an agonist of GC-C with an

inhibitor of cGMP-PDE might produce synergistic effect on levels of cGMPin thetarget tissues

and organs.

Sulindac Sulfone (SS) and Zaprinast (ZAP) are two of the known inhibitors of cGMP-

PDEand have been shownto induce apoptosis in cancercells via a cGMP-dependent

mechanism. SS and ZAP in combination with SP304 or SP-333 was evaluated to see if these

PDEinhibitors had any synergistic effect on intracellular accumulation of cGMP (Fig. 9-12). As

the data shows, SS at concentration of 100 uM did not enhanceintracellular accumulation of

cGMP.However, the combination SS with SP304 stimulated cGMP production several fold

more then the stimulation by SP304 used alone. This synergistic effect on cGMPlevels was

more pronounced when SP304 were used at 0.1 uM concentration (Fig 10). Similar observations

were made when SP304 or SP333 were used in combination with ZAP (Fig 10, Fig 11 and Fig

12). These results suggest that the intracellular levels of cGMPare stabilized because SS inhibits

CGMP-PDEthat might be responsible for depletion of intracellular cGMP. Thus, the approach to

use a combination of GC-C agonist with acGMP-PDEinhibitoris attractive.

For the results shown in Figure 9, cyclic GMP synthesis in T84 cells was assessed

essentially as described in Shailubhai et al., Cancer Research 60, 5151-5157 (2000). Briefly,

confluent monolayers of T-84 cells in 24-well plates were washed twice with 250 ul of DMEM

containing 50 mM HEPES(pH 7.4) and pre-incubated at 37°C for 10 minutes with 250 yl of

DMEMcontaining 50 mM HEPES(pH 7.4) and 1 mM isobutyl methylxanthineBMX).
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Monolayers of T84 cells were then incubated with 250 ul of DMEM containing 50 mM HEPES

(pH 7.4) containing SP-304 or PDE inhibitors cithcr alone or in combinations, as indicated bclow

in the following experimental sets: 1) Control; 2) SP-304 (0.1 uM); 3) Sulindac Sulfone (100

uM); 4) Zaprinast (100 uM); 5) SP-304 (0.1 uM) + Sulindac Sulfone (100 uM); and 6) SP-304

(0.1 uM) + Zaprinast (100 uM). After the 30 min incubation, the medium was aspirated and the

reaction was terminated by the addition of 3% perchloric acid. Following centrifugation and the

addition of NaOH (0.1 N) to neutralize the pH,intraccllular cGMP levels were determined in

lysates using a cGMP ELISA kit (Cat. No. 581021 ; Cayman Chemical, Ann Arbor, MI).

Samples were run in duplicates incubations and cach sample was run as duplicatcs in ELISAtest.

Forthe results shown in Figure 10, the method used was sameas the one used for Fig. 9

except that the monolayers of T84 cells were incubated with 500 ul of DMEM containing 50

mM HEPES(pH 7.4) containing SP-304 (0.1 or 1.0 uM) or increasing concentrations of PDE

inhibitors (0 to 750 uM) either alone or in combination with SP-304. After the 30 min

incubation, the medium wasaspirated andthe reaction was terminated by the addition of 3%

perchloric acid. Following centrifugation and the addition of NaOH (0.1 N) to neutralize the pH,

intracellular cGMPlevels were determined in lysates using a cGMP ELISAkit (Cat. No.

581021; Cayman Chemical, Ann Arbor, MI). Samples were run astriplicates in ELISAtest.

For the results shown in Figure 11, the method used was sameas the one used for Fig. 10

except that the monolayers of T84 cells were incubated with 500 ul of DMEM containing 50

mM HEPES(pH 7.4) containing SP-3333 (0.1 or 1.0 uM) or increasing concentrations of ZAP

(0 to 500 uM) either alone or in combination with SP-333. After the 30 min incubation, the

medium wasaspirated and the reaction was terminated by the addition of 3% perchloric acid.

Following centrifugation and the addition ofNaOH (0.1 N) to neutralize the pH, intracellular

cGMPlevels were determined in lysates using a cGMP ELISAkit (Cat. No. 581021 ; Cayman

Chemical, Ann Arbor, MI). Samples were run astriplicates in ELTSAtest.

For the results shown in Figure 12, the method used was sameas the oneused for Fig. 10

except that the monolayers of T84 cells were incubated with 500 ul of DMEM containing 50

mM HEPES(pH 7.4) containing SP-333 (0.1 UM) or increasing concentrations of Sulindac

Sulfone (0 to 500 UM) either alone or in combination with SP-333. After the 30 min incubation,

the medium wasaspirated and the reaction was terminated by the addition of 3% perchloric acid.
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Following centrifugation and the addition ofNaOH (0.1 N) to neutralize the pH,intracellular

cGMPlevels were determinedin lysates using a cGMP ELISAkit (Cat. No. 581021 ; Cayman

Chemical, Ann Arbor, MI). Samples were runastriplicates using the ELISAtest.

EXAMPLE7: AN ORAL RANGE-FINDING TOXICITY STUDY INCYNOMOLGUS MONKEYS.

The objective of the study is to determine the toxicity of the GRCApeptides according to

the invention following a single oral gavage administration to the cynomolgus monkey and to

allow assessmentofreversibility of any changes following a minimum 7-day

observation/washout period. Each GRCA peptide according to the invention will be given at two

different dose levels.

Experimental Design

Thetest (e.g., the GRCA peptides according to the invention) and control/vehicle article

will be administered in three phases scparated by a minimum 7-day observation period. Each

phase will consist of a single oral gavage administration to female cynomolgus monkcysas

indicated in the tables bclow:

Phase1:

Eight non-naive female cynomolgus monkeys will be transferred from the ITR Spare

Monkeycolony and assigned to four dose groups as follows:
 

Group Group Study|Dose Dose Dose Number of
Number| Designation Days|Level Concentration|Volume|Animals

(mg/kg)|(mg/mL) (mL/kg)|(Females)

1 Control/Vehicle
 

2 Test Peptides 
     

Following completion of the Phase 1 dosing, all monkeys will be observed for 33 days.

Upon completion of the observation period, all monkeys will be transferred back to the ITR

Spare Monkey Colony.

Phase 2:
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The same eight non-naive female cynomolgus monkeysas previously used in Phase 1

will be transferred from the ITR Spare Monkey colony and assigned to four dose groups as

follows:

Group Group Study|Dose Number of
Number|Designation Concentration|Volume|Animals

me/ke mg/mL mL/kg Females

Following completion of the Phase 2 dosing, all monkeys will be observed for a

 
minimum of 7 days.

Route of Administration

The oral route of administration has becn chosen becauseit is a preferred human

therapeutic route.

Preparation of Test and Control /Vehicle Articles

The test and control/vehicle articles will be prepared fresh on the day of dosing in cold

distilled water (maintained in an ice water bath). A sufficient amount of test article powder will

be added to the appropriate amountofdistilled water in order to achieve the desired

concentration. The dose formulations will be mixed by simple inversion.

Analysis of Test Article Concentration and Stability in the Dose Formulations 

For possible confirmation of the concentration and stability of the test article in the

formulations, representative samples will be taken from the middle of each concentration,

including the control/vehicle article on the first day of dosing of each group,as indicated below.

Samples will be collected immediately after preparation on Day | and again after dosing is

completed on that day and will be stored frozen (approximately 80°C nominal) in 20 mL screw

cap vials. Therefore, the remaining dose formulation vials will be returned to the Pharmacy

Department as soon as possible after completion of dosing.

Group 1: 1.5 mL in duplicate from the middle on Day 1 (pre-dose and post-dose).

Group 2: 1.5 mL in duplicate from the middle on Day | (pre-dose and post-dose).
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Group 3: 1.5 mL in duplicate from the middle on Day | (pre-dose and post-dose).

Group 4: 1.5 mL in duplicate from the middle on Day 1 (pre-dose and post-dose).

The formulations will be maintained cold in an ice water bath during all sampling

procedures.

The formulations will be stirred continuously with a stir bar for a minimum of 15 minutes

prior to sampling.

The samples will be retained frozen (approximately -80°C nominal) at ITR until

requested by the Sponsorto be shipped to a laboratory designated by the Sponsorfor analysis.

The samples can be discarded once it is determined by the analyst and Study Director that they

are no longer needed. These samples’ disposition will be recorded in the raw data.

If analyzed, a Dose Formulation report will be prepared by the Principal Investigator

(Formulation analysis) and will be provided to ITR for inclusion in the final report.

Test System

Species/Strain: Cynomolgus Monkey (Macaca Fasicularis)
Source: orldwide Primates Inc.,

P.O. Box 971279

Miami, Florida, 33187, USA
and

Covance Research Products Inc.

P.O. Box 549

Alice, Texas, 78333, USA

Total No. of monkeys on study: 8 non-naive females
Body Weight Range: 2-4 kg at onset of treatment
Age Rangeat Start: Young adult at onset of treatment
Acclimation Period: The animals will be transferred from ITR’s spare

monkeycolony. They are therefore, considered to
be fully acclimated to the laboratory environment.

The actual age and body weight ranges will be noted in the final report.

Administration of the Test and Control/Vehicle Articles

The test and control/vehicle articles will be administered by oral gavage administration

using a gavagetube attached to a syringe in three Phases separated by a minimum 7-day
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observation/washout period. Each dosing session will consist of a single oral gavage

administration. The gavage tube will be flushed with 3 mL of reverse osmosis watcr immediately

following administration of the dose formulation in order to ensure that the entire dose volume

has been delivered to the animal. The dose volumewill be 10 mL/kgfor all animals, including

controls. The actual volume administered to each monkey on Day 1 of each Phase will be

calculated using the Day -1 body weights of each Phase.

Dosing formulations will be maintained cold during dose administration by placing them

in an ice water bath.

The dosing formulations must be placed onastir plate for a minimum of 15 minutes prior

to the start of dosing and maintained onthe stir plate throughout the dosing procedure.

The dosing formulations must be used within 2 hours of preparation.

Clinical Observations

Cage-side clinical signs (ill health, behavioral changes etc.) will be recorded as indicated

below except on detailed clinical examination days, where the morning cage-sideclinical signs

will be replaced by a detailed clinical examination (DCE). During regular cage side clinical

signs and detailed examinations,particular attention will be paid to stools with respect to amount

of stools produced, description of stools, etc.

Cageside clinical signs will be performed as follows:

During the pretreatment period and during the 7-day (minimum) observation periods:

Three times per day with a minimum of 3 hours between each occasion.

On the dosing day of Phase 1: pre-dosce, 2, 4, 6, 8 and 24 hours post-dosing

On the dosing day of Phase 2: pre-dose, continuously for the first 4 hours post-dose and

at 6, 8 and 24 hours post-dosing

On the dosing day of Phase 3: pre-dose, continuously for the first 4 hours post-dose and

at 6, 8 and 24 hours post-dosing

A detailed clinical examination of each monkey will be performed onceat the time of

animaltransfer and once weekly thereafter.
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Animals whose health status is judged to warrant additional evaluation will be examined

by a Clinical Veterinarian, or a technician working undcrthe supervision of the Clinical

Veterinarian. Any veterinarian-recommended treatments will only be performed once agreement

has been obtained from the Study Director. Where possible, the Sponsor will be consulted prior

to administration of therapeutic drugs.

Body weights will be recorded for all animals once daily from the day of transfer through

to the end of the study.

Food consumption will be recorded for all animals once daily from the day of transfer

through to the cnd of the study.

Cages will be cleanedpriorto the start of the daily food consumption to ensure no food

cookies remain in the cage. Monkeys will be fed 7 cookies before 12pm and 7 cookiesafter

12pm. The sum ofthe total numberof cookies given for the day will be recorded.

The next morning,a visual check will be performed to sce how many cookiesare left in

the cage. The number of whole cookies remaining in the food hopperor on the tray will be

recorded. The number of whole cookies left will be subtracted from the total number of cookies

given in order to calculate the number of cookies eaten.

EXAMPLE8: SUCKLING MOUSE MODEL OF INTESTINAL SECRETION (SUMI ASSAY)

The GCRA peptides described herein can be tested for their ability to increase intestinal

secretion using a suckling mouse modelofintestinal secretion. In this model a GCRA peptideis

administered to suckling mice that are between seven and nine days old. After the mice are

sacrificed, the gastrointestinal tract from the stomach to the cecum is dissected ("guts"). The

remains ("carcass") as well as the guts are weighed andtheratio of guts to carcass weightis

calculated. If the ratio is above 0.09, one can concludethat the test compoundincreases intestinal

secretion. Controls for this assay may include wild-type SP-304, ST polypeptide and Zelnorm®.

Phenylbenzoquinone-induced writhing model

The PBQ-induced writhing model can be used to assess pain control activity of the

GCRA peptide described herein. This modelis described by Siegmundet al. (1957 Proc. Soc.

Exp. Bio. Med. 95:729-731). Briefly, one hourafter oral dosing with a test compound,e.g., a

GCRA peptide, morphine or vehicle, 0.02% phenylbenzoquinone (PBQ)solution (12.5 mL/kg)
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is injected by intraperitoneal route into the mouse. The numberof stretches and writhings are

recorded from the 5" to the 10" minute after PBQ injection, and can also be counted between the

35" and 40™ minute and between the 60" and 65" minute to provide a kinetic assessment. The
 results are expressed as the numberof stretches and writhings (mean + SEM)and the percentage

ofvariation of the nociceptive threshold calculated from the mean value of the vehicle-treated

group. Thestatistical significance of any differences between the treated groups and the control

group is detcrmined by a Dunnctt's test using the residual variance after a onc-way analysis of

variance (P< 0.05) using SigmaStat Software.

EXAMPLE 9 ; PHARMACOKINETIC PROPERTY DETERMINATION OF GCRA PEPTIDES

Serum samples are extracted from the whole blood of exposed (mice dosed orally or

intravenously with GCRA peptides (s) described herein) and control mice, then injected directly

(10 mL) onto an in-line solid phase extraction (SPE) column (Waters Oasis HLB 251m column,

2.0 x 15mm direct connect) without further processing. The sample on the SPE column is

washed with a 5% methanol, 95% dH;0Osolution (2.1 mL/min, 1.0 minute), then loaded onto an

0 analytical column using a valve switch that places the SPE column in an inverted flowpath

onto the analytical column (Waters Xterra MS C8 5pm IS column, 2.1 x 20mm). The sampleis

eluted from the analytical column with a reverse phase gradient (Mobile Phase A: 10 mM

ammonium hydroxide in dH2O, Mobile Phase B: 10 mM ammonium hydroxide in 80%

acctonitrile and 20% methanol; 20% B for the first 3 minutes then ramping to 95% B over 4 min.

and holding for 2 5 min., all at a flow rate of 0.4 mL/min.). At 9.1 minutes, the gradient returns

to the initial conditions of 20%B for 1 min. polypeptide is eluted from the analytical column and

is detected by triple-quadrapole mass spectrometry (MRM, 764 (+2 charge state)>182 (+1 charge

state) Da; cone voltage = 30V; collision = 20 eV; parent resolution = 2 Da at base peak; daughter

resolution = 2 Da at base peak). Instrument response is converted into concentration units by

comparison with a standard curve using known amounts of chemically synthesized

polypeptide(s) prepared and injected in mouse plasma using the same procedure.

Similarly, pharmacokinetic properties are determinedin rats using LCMSmethodology.

Rat plasma samples containing the GCRA peptide are extracted using a Waters Oasis MAX 96

well solid phase extraction (SPE) plate. A 200 uL volumeofrat plasma is mixed with 200 uL of

Cg, °N -labeled polypeptide in the well of a prepared SPE plate. The samples are drawn
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through the stationary phase with 15 mm Hg vacuum.All samples are rinsed with 200 uL of 2%

ammonium hydroxide in water followed by 200 wL of 20% methanol in water. The samples are

eluted with consecutive 100 LL volumesof 5/20/75 formic acid/water/methanol and 100 uL

5/15/80 formic acid/water/methanol. The samples are dried under nitrogen and resuspendedin

100 wL of 20% methanol in water. Samples are analyzed by a Waters Quattro Micro mass

spectrometer coupled to a Waters 1525 binary pump with a Waters 2777 autosampler. A 40 wL

volume of cach sample is injected onto a Thermo Hypersil GOLD C18 column (2.1x50 mm,5

um). polypeptide is cluted by a gradicnt over 3 minutes with acctonitrile and water containing

0.05% trifluoroacctic acid. The Quattro Micro mass spectrometeris run in multiple reaction

monitoring (MRM) modeusing the masstransitions of, for example 764>182 or 682>136. Using

this methodology, polypeptide is dosed orally and by IVto rats at 10 mg/kg. Pharmacokinetic

properties including area underthe curve and bioavailabilty are determined.

EXAMPLE10: DIURESIS RELATED EXPERIMENTS EFFECT ON DIURESIS AND NATRIURESIS

The effect of GCRA peptides described herein on diuresis and natriuresis can be

determined using methodology similar to that described in WO06/001931 (examples 6 (p. 42)

and & (p.45)). Briefly, the polypeptide/agonist described herein (180-pmol) is infused for 60 min

into a group of 5 anesthetized mice or primates. Given an estimated rat plasma volume of 10 mL,

the infusion rate is approximately 3 pmol/mL/min. Bloodpressure, urine production, and sodium

exerction arc monitored for approximately 40 minutes prior to the infusion, during the infusion,

and for approximately 50 minutes after the infusion to measure the effect of the GCRA peptides

on diuresis and natriuresis. For comparison, a control group offive rats is infused with regular

saline. Urine and sodium excretion can be assessed. Dose response can also be determined.

polypeptide/GC-C agonist described herein is infused intravenously into mice or primates over

60 minutes. Urine is collected at 30 minute intervals up to 180 minutesafter termination of

polypeptide/GC-C agonist infusion, and urine volume, sodium excretion, and potassium

excretion are determined for each collection interval. Blood pressure is monitored continuously.

For each dose a dose-responserelationship for urine volume, sodium and potassium excretion

can be determined. Plasma concentration of the polypeptide/GC-agonist is also determined

before and after iv infusion.
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Mouseor Primate Diuresis Experiment: Once an appropriate level of anesthesia has been

achieved, a sterile polyurcthanc catheter is inserted into the urcthra and secured using | - 2 drops

ofveterinary bond adhesive applied to urethra/catheter junction. Animals are then dosed with

either vehicle or test article via the intravenousor intraperitoneal route. Animals are allowed to

regain consciousness, and the volume of urine excreted over a 1-5 hour duration is recorded

periodically for each rat.
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Weclaim:

1. A peptide consisting essentially of the amino acid sequence of any one of SEQ ID

NO:2-54 and 57-98.

2, A pharmaceutical composition in unit dose comprising a guanylate cyclase

receptor agonist peptide having the sequence of any one of NO:2-54 and 56-94 present in a

therapeutically cffective amount and a pharmacctical carricr, cxcipicnt or dilucnt.

3. The peptide of claim 1, whercin said peptide is SEQ ID NO: 8, 9, 10, 58 or 59.

4, The pharmaccutical composition of claim 2, whercin said peptide is SEQ ID NO:

8, 9, 10, 58 or 59.

5. The peptide of claim 1, wherein said peptide is SEQ ID NO: 45-54andsaid

peptide increases cGMPproduction in a cell and wherein said peptide is not SEQ ID NO:1.

6. The pharmaceutical composition of claim 2, wherein said peptide is SEQ ID NO:

45-54, and said peptide increases cGMPproduction in a cell and wherein said peptide is not SEQ

ID NO:1.

7. The peptide of claim 1, wherein said peptide is SEQ ID NO: 87-98, and. said

peptide increases cGMPproductionin a cell and wherein said peptide is not SEQ ID NO:55 or

56.

8. The pharmaceutical composition of claim 2, wherein said peptide is SEQ ID NO:

87-98, and said peptide increases cGMPproduction in a cell and wherein said peptide is not SEQ

ID NO:55 or 56.

9, The pharmaceutical composition of any one of claims claim 2, 4, 6, or 8, wherein

the unit dose form is selected from the group consisting of a tablet, a capsule, a solution or

inhalation formulation.

10. A method for preventing or treating a condition selected from the group

consisting of Ulcerative Colitis, Irritable bowel syndrome (IBS), non-ulcer dyspepsia chronic

intestinal pseudo-obstruction, functional dyspepsia, colonic pseudo-obstruction, duodenogastric

reflux, constipation associated with use of opiate pain killers, gastroesophageal reflux disease

(GERD), post surgical constipation, gastroparesis, constipation associated with neuropathic

disorders, heartburn, poor gastrointestinal motility , congestive heart failure, hypertension,

benign prostatic hyperplasia (BPH), colon cancer, lung cancer, bladder cancer, liver cancer,
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salivary gland cancer or skin cancer, bronchitis, tissue inflammation, organ inflammation,

respiratory inflammation, asthma, COPD comprising administcring toa paticnt in need thercof,

an effective dosage of a guanylate cyclase receptor agonist having the sequence of any one of

NO:2-54 and 56-94.

11. The method of claim 10, wherein said peptide is SEQ ID NO:8, 9, 10, 58 or 59.

12. A method of claim 11 or 12, further comprising administering an effective dose

of inhibitor of a cGMP-spccific phosphodicstcrasc.

13. The method of claim 12, further comprising administcring to said paticnt an

effective dose of an inhibitor of cGMP-dependent phosphodicstcrase cithcr concurrently or

sequentially with said guanylate cyclase receptor agonist.

14. The method of claim 12, wherein said cGMP-dependent phosphodiesterase

inhibitor is selected from the group consisting ofsuldinac sulfone, zaprinast, and motapizone,

vardenifil, and suldenifil.

15. The method of claim 12, futher comprising administering an effective does of at

least one anti-inflammatory agent.

16. The method of claim12, wherein an anti-inflammatory agent is a steroid or

nonsteroid anti-inflammatory drug (NISAIDS).

17 The use of any one of the peptides having the sequence of any one of SEQ ID

NO:2-54 and 56-94 in the manufacture of a medicament for the treatment of a human disease.

18. The useof claim 17, wherein said peptide is SEQ ID NO: 8, 9, 10, 58 or 59.

19. A method of increasing cGMPproduction in a cell comprising contacting said cell

with a peptide selected from the group consisting of the amino acid sequence of SEQ ID NO:2-

54 and 57-98.

20. The method of claim 19, further comprising contacting said cell with a

phosphodiesteraseinhibitor.

21. The method of claim 20, wherein said cGMP-dependent phosphodiesterase

inhibitor is selected from the group consisting of suldinac sulfone, zaprinast, and motapizone,

vardenifil, and suldenifil.
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AGONISTS OF GUANYLATE CYCLASE USEFUL FOR THE

TREATMENT OF GASTROINTESTINAL DISORDERS,
INFLAMMATION, CANCER AND OTHER DISORDERS

RELATED APPLICATIONS

This application claims the benefit of U.S.S.N. 61/058,888, filed June 4, 2008 the

contenst of which is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

The present invention relates to the therapeutic use of guanylate cyclase C (GC-C)

agonists as a means for enhancingthe intracellular production of cGMP. The agonists may be

used either alone or in combination with inhibitors of cGMP-specific phosphodiesterase to

prevent ortreat inflammation, cancer and other disorders, particularly of the gastrointestinal tract

and the lung.

BACKGROUNDOF THE INVENTION

Uroguanylin, guanylin and bacterial ST peptides are structurally rclated peptides that

bind to a guanylate cyclase receptor and stimulate intracellular production of cyclic guanosine

monophosphate (cGMP) (1-6). This results in the activation of the cystic fibrosis transmembrane

conductance regulator (CFTR), an apical membrane channel for efflux of chloride from

enterocytes lining the intestinal tract (1-6). Activation of CFTR and the subsequent enhancement

of transepithelial secretion of chloride lead to stimulation of sodium and water secretion into the

intestinal lumen. Therefore, by serving as paracrine regulators of CFTR activity, cGMP receptor

agonists regulate fluid and electrolyte transport in the GI tract (1-6; US patent 5,489,670). Thus,

the cGMP-mediated activation of CFTR and the downstream signaling plays an important role in

normalfunctioning of gut physiology. Therefore, any abnormality in this process could

potentially lead to gastrointestinal disorders such asirritable bowel syndrome, inflammatory

bowel disease, excessive acidity and cancer (25, 26).

The process of epithelial renewal involves the proliferation, migration, differentiation,

senescence, and eventualloss of GI cells in the lumen (7, 8). The GI mucosa can be divided into
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three distinct zones based onthe proliferation index of epithelial cells. One of these zones, the

prolifcrative zone, consists of undifferentiated stem cclls responsible for providing a constant

source of newcells. The stem cells migrate upward toward the lumen to whichthey are

extruded. As they migrate, the cells lose their capacity to divide and become differentiated for

carrying out specialized functions of the GI mucosa (9). Renewal of GI mucosais very rapid

with complete turnover occurring within a 24-48 hour period (9). During this process mutated

and unwantedcells are replenished with new cells. Hence, homeostasis of the GI mucosais

regulated by continual maintenance of the balance between proliferation and apoptotic rates (8).

The rates of cell proliferation and apoptosis in the gut epithelium can be increased or

decreased in a widevariety of different circumstances, ¢.g., in response to physiological stimuli

such as aging, inflammatory signals, hormones, peptides, growth factors, chemicals and dietary

habits. In addition, an enhancedproliferation rate is frequently associated with a reduction in

turnover time and an expansion of the proliferative zone (10). The proliferation index has been

observed to be much higherin pathological cases of ulcerative colitis and other GI disorders

(11). Thus, intestinal hyperplasia is the major promoter of gastrointestinal inflammation and

carcinogenesis.

In addition to a role for uroguanylin and guanylin as modulators of intestinal fluid and

ion secretion, these peptides may also be involved in the continual renewal of GI mucosa by

maintaining the balance between proliferation and apoptosis in cells lining GI mucosa.

Therefore, any disruption in this renewal process, due to reduced production of uroguanylin

and/or guanylin can lead to GI inflammation and cancer (25, 26). This is consistent with

previously published data in WO 01/25266, which suggest a peptide with the active domain of

uroguanylin may function as an inhibitor of polyp developmentin the colon and mayconstitute a

treatment of colon cancer. However, recent data also suggest that uroguanylin also binds to a

currently unknownreceptor, whichis distinct from GC-C receptor (3,4). Knockout mice lacking

this guanylate cyclase receptor showresistance to ST peptides in the intestine, but effects of

uroguanylin and ST peptides are not disturbed in the kidney in vivo (3). These results were

further supported by the fact that membrane depolarization induced by guanylin was blocked by

genistein, a tyrosine kinase inhibitor, whereas hyperpolarization induced by uroguanylin was not

effected (12, 13). Thus,it is not clear if the anti-colon cancer and anti-inflammatory activities of

uroguanylin and its analogs are mediated through binding to one or both of these receptors.

2
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Inflammatory boweldisease is a general name givento a group of disorders that cause

intestines to become inflamed, charactcrized by red and swollen tissuc. Gastrointestinal (GI)

inflammation can be a chronic condition and often leads to GI cancer (14). Examples of such

inflammatory bowel diseases (IBD) include Crohn's disease and ulcerative colitis (UC). It is

estimated that as many as 1,000,000 Americansare afflicted with IBD, with male and female

patients appearing to be equally affected. Most cases are diagnosed before age 30, but the

disease can occur in the sixth, seventh, and later decadesoflife.

Crohn's disease is a serious inflammatory disease that predominantly effects ileum and

colon, but can also occur in other sections of the GI tract, whereas UC is exclusively an

inflammatory disease of the colon, the large intestine (15). Unlike Crohn's disease, in whichall

layers of the intestine are involved, and in which there can be normal healthy bowel in between

patches of diseased bowel, UC affects only the innermost lining (mucosa) of the colon in a

continuous manner (16). Depending on which portion of the GItract is involved, Crohn's

disease may bereferred to asileitis, regional enteritis, colitis, etc. Crohn's disease and UC differ

from spastic colon orirritable bowel syndrome, which are motility disorders of the GItract.

While the precise cause of IBD is not known,it is believed that the disruption of the

process of continual renewal of GI mucosa maybe involvedin disease (17,18). The renewal

process of the GI lining is an efficient and dynamic process involving the continual proliferation

and replenishment of unwanted damagedcells. Proliferation rates of cells lining the GI mucosa

are very high, second only to the hematopoietic system. Thus, the balance between proliferation

and apoptosis is important to the maintenance of the homeostasis of the GI mucosa (19,20).

Necrotizing enterocolitis (NEC) is a devastating inflammatory condition of the

gastrointestinal tract that afflicts 10% ofpremature infants born weighing less than 1500 grams.

Despite modern medical advances, the etiology remains elusive, and morbidity and mortality is

unacceptably high, with as many as 10-30% ofaffected infants succumbingto the disease.

Although the pathophysiology is incompletely understood,it is known that prematurity, formula

feeding, intestinal ischemia, and bacterial colonization are important risk factors. It has been

suggested that these risk factors initiate the activation of the pro-inflammatory responsethat

ultimately leads to bowel necrosis, and in some cases multi-organ dysfunction syndrome, and

death. Multiple inflammatory mediators have been identified that might contribute to this final

common pathway. Several of the pro- and anti-inflammatory molecules have been studied in

3
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detail in animal models, in humans, and in vitro, including IL-6, IL-8, and IL-10 as well as nitric

oxide, oxygen free radicals, and numerousothers. Previously, we reported that SP-304

ameliorates GI inflammation in experimental models of murinecolitis, possibly through

downregulation of pro-inflammatory cytokines such as IL-4, IL-5, IL-17, IL-23 and TNF-a.

(Shailubhai et al, 2007 and 2008). Therefore, GC-C agonists such as uroguanylin, guanylin,

E.coli enterotoxin ST peptides and their analogs might be used to prevent, control and treat NEC.

GC-C agonists may be given either in drinking water or in mother’s milk to treat NEC in

newborne babies.

GI homeostasis depends on both proliferation and programmed cellular death (apoptosis)

of epithelial cells lining the gut mucosa. Hence, cells are continually lost from the villus

into the lumen of the gut and are replenished at a substantially equal rate by the proliferation of

cells in the crypts, followed by their upward movementto the villus. It has becomeincreasingly

apparent that the control of cell death is an equally, if not more, important regulator ofcell

numberandproliferation index (19,20). Reduced rates of apoptosis are often associated with

abnormal growth,inflammation, and neoplastic transformation. Thus, both decreased

proliferation and/or increased cell death may reduce cell number, whereas increasedproliferation

and/or reduced cell death may increase the proliferation index of intestinal tissue (20), which

may lead to GI inflammatory diseases and cancer.

Uroguanylin and guanylin peptides also appear to promote apoptosis by controlling

cellular ion flux. Alterations in apoptosis have been associated with tumor progressionto the

metastatic phenotype. While a primary gastrointestinal (GI) canceris limited to the small

intestine, colon, and rectum, it may metastasize and spread to such localities as bone, lymph

nodes, liver, lung, peritoneum, ovaries, and brain. By enhancing the efflux of K+ and influx of

Cat+, uroguanylin and related peptides may promote the death of transformed cells and thereby

inhibit metastasis

Irritable bowel syndrome (IBS) and chronic idiopathic constipation are pathological

conditions that can cause a great deal of intestinal discomfort and distress but unlike the IBD

diseases such as ulcerative colitis and Crohn's disease, IBS does not cause the serious

inflammation or changes in boweltissue andit is not thought to increase the risk of colorectal

cancer. In the past, inflammatory bowel disease (IBD), celiac disease and irritable bowel

syndrome (IBS) were regarded as completely separate disorders. Now, with the description of

4
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inflammation, albeit low-grade, in IBS, and of symptom overlap between IBS andceliac disease,

this contention has come under question. Acute bactcrial gastrocntcritis is the strongest risk

factor identified to date for the subsequent development of postinfective irritable bowel

syndrome. Clinical risk factors include prolonged acute illness and the absence of vomiting. A

genetically determined susceptibility to inflammatory stimuli may also be a risk factor for

irritable bowel syndrome. The underlying pathophysiology indicates increased intestinal

permeability and low-grade inflammation, as well as altered motility and visceral sensitivity

(27). Serotonin (5-hydroxytryptamine [5-HT]) is a key modulator of gut function and is known

to play a major role in pathophysiology of IBS.It has been shownthat the activity of 5-HT is

regulated by cGMP (28). Therefore, based on this observation as well as other effects of cGMP,

we believe that GC-C agonists will be useful in the treatment of IBS.

Given the prevalence of inflammatory conditions in Western societies and the attendant

risk of developing cancerous lesions from inflamed tissue, particularly intestinal tissue, a need

exists to improve the treatment options for inflammatory conditions, particularly of the

gastrointestinal tract.

SUMMARYOF THE INVENTION

The present invention is based upon the development of agonists of guanylate cyclase

receptor. The agonists are analogs of uroguanylin and bacterial ST peptides and have superior

properties such as for example high resistance to degradation at the N-terminus and C-terminus

from carboxypeptidases and/or by other proteolytic enzymespresent in the stimulated human

intestinal juices and humangastric juices.

The peptides of the invention may be used to treat any condition that responds to

enhanced intracellular levels of cGMP. Intracellular levels of cGMP canbeincreased by

enhancing intracellular production of cGMPand/orby inhibition ofits degradation by cGMP-

specific phosphodiesterases. Among the specific conditions that can be treated or prevented are

gastrointestinal disorders, inflammatory disorders, lung disorders, cancer, cardiac disorders, eye

disorders, oral disorders, blood disorders, liver disorders, skin disorders, prostate disorders,

endocrine disorders, increasing gastrointestinal motility and obesity. Gastointestinal disorders

include for example, irritable bowel syndrome (IBS), necrotizing enterocolitis (NEC), non-ulcer

dyspepsia, chronic intestinal pseudo-obstruction, functional dyspepsia, colonic pseudo-

obstruction, duodenogastric reflux, gastroesophageal reflux disease (GERD), ileus inflammation
5
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(e.g., post-operative ileus), gastroparesis, heartburn (high acidity in the GI tract), constipation

(e.g., constipation associated with use of medications such as opioids, ostcoarthritis drugs,

osteoporosis drugs; post surigical constipation, constipation associated with neuropathic

disorders. Inflammatory disorders include tissue and organ inflammation such as kidney

inflammation (e¢.g., nephritis), gastrointestinal system inflammation (e.g., Crohn’s disease and

ulcerative colitis); pancreatic inflammation (¢.g., pancreatis), lung inflammation (¢.g., bronchitis

or asthma) or skin inflammation (e.g., psoriasis, eczema) . Lung Disorders include for example

chronic obstructive pulmonary disease ( COPD), and fibrosis. Cancerincludestissue and organ

carcinogenesis including metatases such as for example gastrointestinal cancer,( e.g., gastric

cancer, esophageal cancer, pancreatic cancer colorectal cancer, intestinal cancer, anal cancer,

liver cancer, gallbladder cancer, or colon cancer; lung cancer; thyroid cancer; skin cancer (e.g.,

melanoma); oral cancer; urinary tract cancer (e.g. bladder cancer or kidney cancer); blood cancer

(e.g. myeloma or leukemia) or prostate cancer. Cardiac disorders include for example,

congestive heart failure, trachea cardia hypertension, high cholesterol, or high tryglycerides.

Liver disorders include for example cirrhosis and fibrosis. In addition, GC-C agonist may also be

useful to facilitate liver regeneration in liver transplant patients. Eye disorders include for

example increased intra-ocular pressure, glaucoma, dry eyes retinal degeneration, disorders of

tear glands or eye inflammation. Skin disorders include for example xerosis. Oral disorders

include for example dry mouth (xerostomia), Sjégren's syndrome, gum diseases(e.g.,

periodontal disease), or salivary gland duct blockage or malfunction. Prostate disorders include

for example benign prostatic hyperplasia (BPH). Endocrine disorders include for example

diabetes mellitus, hyperthyroidism, hypothyroidism, and cystic fibrosis.

In one aspect, the present invention is directed to a peptide consisting essentially of the

amino acid sequence of, SEQ ID NOs: 2-8 and to therapeutic compositions which contain these

peptides. The term "consisting essentially of" includes peptides that are identical to a recited

sequenceidentification number and other sequences that do not differ substantially in terms of

either structure or function. For the purpose of the present application, a peptide differs

substantially if its structure varies by more than three aminoacids from a peptide of SEQ ID

NOs: 2-& or if its activation of cellular cGMP production is reduced by more than 50% compared

to a control peptide such as SEQ ID NO:1. Preferably, substantially similar peptides should

differ by no more than two amino acids and not differ by more than about 25% with respectto

6
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activating cGMP production. The instant peptide sequences comprise at least 12 amino acid

residucs, prefcrably between 12 and 26 amino acids in length.

The peptides may be in a pharmaceutical composition in unit dose form, together with

one or more pharmaceutically acceptable carrier, excipients or diluents. The term "unit dose

form" refers to a single drug delivery entity, e.g., a tablet, capsule, solution or inhalation

formulation. The amount ofpeptide present should be sufficient to have a positive therapeutic

effect when administered to a patient (typically, between 100 Lg and 3 g). What constitutes a

"positive therapeutic effect" will depend uponthe particular condition being treated and will

include any significant improvement in a condition readily recognized by oneofskill in theart.

For example, it may constitute a reduction in inflammation, shrinkage of polyps or tumors, a

reduction in metastatic lesions, etc.

Tn yet another aspect, an invention provides administering to said patient an effective

dose of an inhibitor of cGMP-specific phosphodiesterase (¢GMP-PDE)either concurrently or

sequentially with said guanylate cyclase receptor agonist. The cGMP-PDEinhibitor include for

example suldinac sulfone, zaprinast, and motapizone, vardenifil, and sildenafil. In addition, GC-

C agonist peptides may be used in combination with inhibitors of cyclic nucleotide transporters.

Optionally, anti-inflammatory agents are also administered. Anti-inflammatory agents

include for example steroids and non-steroidal anti-inflammatory drugs (NSAIDS).

Other features and advantages of the invention will be apparent from and are

encompassed by the following detailed description and claims.

DETAILED DESCRIPTION

The present invention is based upon the development of agonists of guanylate cyclase-C

(GC-C). The agonists are analogs of uroguanylin and have superiorproperties such as for

example high resistance to degradation at the N-terminus and C-terminus from

carboxypeptidases and/or by other proteolytic enzymes such as those present in the stimulated

humanintestinal fluid (SIF)and simulated humangastric fluid (SGF). Specifically, these

peptides contain a d-aminoacid at the amino- terminusand the carboxyl terminus. Additionally

these peptides are modified as to mask the carboxyl-terminal carboxylic acid with an amide.

Thus, the peptide is protected on both termini from degradation by proteases present in SIF and

SGF. Examples of such a peptide include SP-363, SP-365, SP-367 and SP-373 shown in Table I.
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The GC-Cis expressed onvariouscells including on gastrointestinal epithelial cells, and

on cxtra-intcstinal tissucs including kidncy,lung, pancreas,pituitary, adrenal, devclopingliver,

heart and male and female reproductive tissues (reviewed in Vaandrager 2002 Mol Cell Biochem

230:73-83). The GC-C is a key regulator of fluid and electrolyte balance in the intestine and

kidney. In the intestine, when stimulated, the GC-C causesan increase in intestinal epithelial

cGMP. This increase in cGMP causes a decrease in water and sodium absorption and an

increase in chloride and potassium ion secretion, leading to changesin intestinal fluid and

electrolyte transport and increased intestinal motility.

The gualylate cyclase-C agonists according to the invention include SEQ ID NO:2-8 and

are summarized below in Table I. The gualylate cyclase-C agonists according to the invention

are collectively refered to herein as “GCRA peptides”.
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The GCRApeptides described herein bind the guanylate cyclase C (GC-C)andstimulate

intraccllular production of cyclic guanosine monophosphate (CGMP). Optionally, the GCRA

peptides induce apoptosis. In some aspects, the GCRA peptides stimulate intracellular cGMP

production at higher levels than naturally occurring GC-C agonists (¢.g., uroguanylin, guanylin,

and ST peptides) and/or SP-304. For example, the GCRA peptides of the invention stimulate 5,

10%, 20%, 30%, 40%, 50% , 75%, 90% or more intracellular cGMP compared to naturally

occurring GC-C angonists and/or SP-304. The terms induced and stimulated are used

interchangeably throughout the specification. The GCRA peptides described herein are more

stable than naturally occurring GC-C agonists and/or SP-304. By morestable it is meant that the

peptide degrade less and/or more slowly in simulated gastrointestinal fluid and/or simulatd

intestinal fluid comparedto naturally occurring GC-C angonists and/or SP-304. For example,

the GCRA peptide of the invention degrade 2%, 3%, 5%, 10%, 15%, 20%, 30%, 40%, 50% ,

75%, 90% or less compared to naturally occurring GC-C angonists and/or SP-304.

The GCRA peptides described herein have therapeutic value in the treatment of a wide

variety of disorders and conditions including for example gastrointestinal disorders,

inflammatory disorders, lung disorders, cancer, cardiac disorders, eye disorders, oral disorders,

blood disorders, liver disorders, skin disorders, prostate disorders, endocrine disorders,

increasing gastrointestinal motility and obesity.Gastointestinal disorders include for example,

irritable bowel syndrome (IBS), necrotizing enterocolitis (NEC), non-ulcer dyspepsia, chronic

intestinal pscudo-obstruction, functional dyspepsia, colonic pscudo-obstruction, duodcnogastric

reflux, gastroesophagealreflux disease (GERD)ileus (e.g., post-operative ileus), gastroparesis,

heartburn (high acidity in the GI tract), constipation (e.g., constipation associated with use of

medications such as opioids, osteoarthritis drugs , osteoporosis drugs; post surigical

constipation, constipation associated with neuropathic disorders. Inflammatory disorders include

tissue and organ inflammation such as kidney inflammation (¢.g., nephritis), gastrointestinal

system inflammation (¢.g., Crohn’s disease and ulcerative colitis); pancreatic inflammation (e.g.,

pancreatis), lung inflammation (e.g., bronchitis or asthma) or skin inflammation (e.g., psoriasis,

eczema) . Lung Disorders include for example chronic obstructive pulmonary disease (COPD),

and fibrosis. Cancer includes tissuc and organ carcinogenesis including mctatases such as for

10
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example gastrointestinal cancer, ( ¢.g., gastric cancer, esophageal cancer, pancreatic cancer

colorectal cancer, intestinal cancer, anal cancer, liver cancer, gallbladder canccr, or colon cancer;

lung cancer; thyroid cancer; skin cancer (e.g., melanoma); oral cancer; urinary tract cancer(e.g.

bladder cancer or kidney cancer); blood cancer (e.g. myeloma or leukemia) or prostate cancer.

Cardiac disorders include for example, congestive heart failure, trachea cardia hypertension, high

cholesterol, or high tryglycerides. Liver disorders include for example cirrhosis and fibrosis.

Eye disorders include for example increased intra-ocular pressure, glaucoma, dry eyesretinal

degeneration, disorders of tear glands or eye inflammation. Skin disorders include for example

xerosis. Oral disorders include for example dry mouth (xerostomia), Sjégren's syndrome, gum

diseases(e.g., periodontal disease), or salivary gland duct blockage or malfunction. Prostate

disorders include for example Benign prostatic hyperplasia (BPH). Endocrine disorders include

for example diabetes mellitus, hyperthyroidism, hypothyroidism, and cystic fibrosis.

As used herein, the term “guanylate cyclase C (GC-C)”refers to the class of guanylate

cyclase C receptor on any cell type to which the inventive agonist peptides or natural agonists

described herein bind. As used herein, “intestinal guanylate cyclase receptor” is found

exclusively on epithelial cells lining the GI mucosa. Uroguanylin, guanylin, and ST peptides are

expected to bind to these receptors and may induce apoptosis. The possibility that there may be

different receptors for each agonist peptide is not excluded. Hence, the term refers to the class of

guanylate cyclase receptors on epithelial cells lining the GI mucosa.

As used herein, the term “GCR agonist” is meant to refer to peptides and/or other

compoundsthat bind to an intestinal guanylate cyclase C and stimulate fluid and electrolyte

transport. This term also covers fragments and pro-peptides that bind to GC-C andstimulate

fluid and water secretion.

As used herein, the term “substantially equivalent” is meant to refer to a peptide that has

an amino acid sequence equivalent to that of the binding domain wherecertain residues may be

deleted or replaced with other amino acids without impairing the peptide’s ability to bind to an

intestinal guanylate cyclase receptor and stimulate fluid and electrolyte transport.

Addition of carriers (¢.g., phosphate-buffered saline or PBS) and other components to the

composition of the present invention is well within the level of skill in this art. In addition to the

compound, such compositions may contain pharmaceutically acceptable carriers and other

ingredients knownto facilitate administration and/or enhance uptake. Other formulations, such

11
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as microspheres, nanoparticles, liposomes, and immunologically-based systems may also be used

in accordance with the present invention. Other cxamples include formulations with polymers

(e.g., 20% w/v polyethylene glycol) or cellulose, or enteric formulations.

The present invention is based upon several concepts. Thefirst is that there is a cGMP-

dependent mechanism which regulates the balance between cellular proliferation and apoptosis

and that a reduction in cGMPlevels, due to a deficiency ofuroguanylin/guanylin and/or due to

the activation of cGMP-specific phosphodiesterases, is an early andcritical step in neoplastic

transformation. A second conceptis that the release of arachidonic acid from membrane

phospholipids, which leads to the activation of cytoplasmic phospholipase A2 (cPLA2),

cyclooxygenase-2 (COX-2) andpossibly 5-lipoxygenase (5-LO) during the process of

inflammation, is down-regulated by a cGMP-dependent mechanism, leading to reducedlevels of

prostaglandins and leukotrienes, and that increasing intracellular levels of cGMP may therefore

produce an anti-inflammatory response. In addition, a cGMP-dependent mechanism, is thought

to be involved in the control of proinflammatory processes. Therefore, elevating intracellular

levels of cGMP may be used as a meansoftreating and controlling gastrointestinal disorders,

inflammatory disorders, lung disorders, cancer, cardiac disorders, eye disorders, oral disorders,

blood disorders, liver disorders, skin disorders, prostate disorders, endocrine disorders,

increasing gastrointestinal motility and obesity.Gastointestinal disorders include for example,

irritable bowel syndrome (IBS), necrotizing enterocolitis (NEC), non-ulcer dyspepsia, chronic

intestinal pseudo-obstruction, functional dyspepsia, colonic pseudo-obstruction, duodenogastric

reflux, gastroesophagealreflux disease (GERD)ileus (e.g., post-operative ileus), gastroparesis,

heartburn (high acidity in the GI tract), constipation (e.g., constipation associated with use of

medications such as opioids, osteoarthritis drugs , osteoporosis drugs; post surigical

constipation, constipation associated with neuropathic disorders. Inflammatory disorders include

tissue and organ inflammation such as kidney inflammation (e.g., nephritis), gastrointestinal

system inflammation (¢.g., Crohn’s disease and ulcerative colitis); pancreatic inflammation (e.g.,

pancreatis), lung inflammation (e¢.g., bronchitis or asthma) or skin inflammation(e.g., psoriasis,

eczema) . Lung Disorders include for example COPD andfibrosis. Cancer includes tissue and

organ carcinogenesis including metatases such as for example gastrointestinal cancer,( e.g.,

gastric cancer, esophageal cancer, pancreatic cancer colorectal cancer, intestinal cancer, anal

cancer, liver cancer, gallbladder cancer, or colon cancer; lung cancer; thyroid cancer; skin cancer

12
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(e.g., melanoma); oral cancer; urinary tract cancer (e.g. bladder cancer or kidney cancer); blood

cancer (e.g. myclomaor Icukemia) or prostate cancer. Cardiac disorders include for cxamplec,

congestive heart failure, trachea cardia hypertension, high cholesterol, or high tryglycerides.

Liver disorders include for example cirrhosis and fibrosis. Eye disorders include for example

increased intra-ocular pressure, glaucoma, dry eyes retinal degeneration, disorders of tear glands

or eye inflammation. Skin disorders include for example xerosis. Oral disorders include for

example dry mouth (xerostomia), Sjogren's syndrome, gum diseases (e.g., periodontal disease),

or salivary gland duct blockage or malfunction. Prostate disorders include for example Benign

prostatic hyperplasia (BPH). Endocrine disorders include for example diabetes mellitus,

hyperthyroidism, hypothyroidism, and cystic fibrosis.

Without intending to be bound by anytheory,it is envisioned that ion transport across the

plasma membrane may proveto be an important regulator of the balance betweencell

proliferation and apoptosis that will be affected by agents altering cGMP concentrations.

Uroguanylin has been shown to stimulate K+ efflux, Ca++ influx and water transport in the

gastrointestinal tract (3). Moreover, atrial natriuretic peptide (ANP), a peptide that also binds to

a specific guanylate cyclase receptor, has also been shownto induce apoptosis in rat mesangial

cells, and to induce apoptosis in cardiac myocytes by a cGMP mechanism (21-24).

Binding of the present agonists to a guanylate cyclase receptor stimulates production of

cGMP. Thisligand-receptor interaction, via activation of a cascade of cGMP-dependent protein

kinases and CFTR, induces apoptosis in target cells. Therefore, administration of the novel

peptides defined by SEQ ID NO:2-8, as shown in Table I are useful in eliminating or, at least

retarding, the onset of gastrointestinal disorders, inflammatory disorders, lung disorders, cancer,

cardiac disorders, eye disorders, oral disorders, blood disorders, liver disorders, skin disorders,

prostate disorders, endocrine disorders, increasing gastrointestinal motility and

obesity.Gastointestinal disorders include for example, irritable bowel syndrome(IBS),

necrotizing enterocolitis (NEC), non-ulcer dyspepsia, chronic intestinal pseudo-obstruction,

functional dyspepsia, colonic pseudo-obstruction, duodenogastric reflux, gastroesophageal reflux

disease (GERD), ileus inflammation (e.g., post-operative ileus), gastroparesis, heartburn (high

acidity in the GI tract), constipation (e.g., constipation associated with use of medications such

as opioids, osteoarthritis drugs , osteoporosis drugs; post surigical constipation, constipation

associated with neuropathic disorders. Inflammatory disorders include tissue and organ

13
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inflammation such as kidney inflammation (e.g., nephritis), gastrointestinal system inflammation

(e.g., Crohn’s discase and ulccrative colitis); pancreatic inflammation (e.g., pancrcatis), lung

inflammation (e.g., bronchitis or asthma) or skin inflammation (e.g., psoriasis, eczema) . Lung

Disorders include for example chronic obstructive pulmonary disease ( COPD), andfibrosis.

Cancerincludes tissue and organ carcinogenesis including metatases such as for example

gastrointestinal cancer, ( ¢.g., gastric cancer, esophageal cancer, pancreatic cancer colorectal

cancer, intestinal cancer, anal cancer, liver cancer, gallbladder cancer, or colon cancer; lung

cancer; thyroid cancer; skin cancer (e¢.g., melanoma); oral cancer; urinary tract cancer(e.g.

bladder canceror kidney cancer); blood cancer (e.g. myeloma or leukemia) or prostate cancer.

Cardiac disorders include for example, congestive heart failure, trachea cardia hypertension, high

cholesterol, or high tryglycerides. Liver disorders include for example cirrhosis andfibrosis.

Eye disorders include for example increased intra-ocular pressure, glaucoma, dry eyesretinal

degeneration, disorders of tear glands or eye inflammation. Skin disorders include for example

xerosis. Oral disorders include for example dry mouth (xerostomia), Sjogren's syndrome, gum

diseases (e.g., periodontal disease), or salivary gland duct blockage or malfunction. Prostate

disorders include for example Benign prostatic hyperplasia (BPH). Endocrine disorders include

for example diabetes mellitus, hyperthyroidism, hypothyroidism, and cystic fibrosis.

Uroguanylin is a circulating peptide hormone with natriuretic activity and has been found

to stimulate fluid and electrolyte transport in a manner similar to another family of heat stable

enterotoxins (ST peptides) secreted by pathogenic strains of £. coli and other enteric bacteria that

activate guanylate cyclase receptor and cause secretory diarrhea. Unlike bacterial ST peptides,

the binding of uroguanylin to guanylate cyclase receptor is dependent on the physiological pH of

the gut. Therefore, uroguanylin is expected to regulate fluid and electrolyte transport in a pH

dependent manner and without causing severe diarrhea.

GCRA PEPTIDES

In one aspect, the invention provides a GCRA peptide. The GCRA peptidesare

analogues uroguanylin and bacterial ST peptide. No particular length is implied by the term

“peptide”. In some embodiments, the GCRA peptideis less than 25 amino acids in length,e.g.,

less than or equal to 20, 15, 14, 13, 12, 11, 10, or 5 aminoacid in length.
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The GCRA peptides can be polymers of L-amino acids, D-amino acids, or a combination

of both. For cxample, in various cmbodiments, the peptides arc D retro-inverso peptides. The

term “retro-inverso isomer” refers to an isomerof a linear peptide in whichthe direction of the

sequenceis reversed and the chirality of each aminoacid residue is inverted. See, e.g., Jameson

et al., Nature, 368, 744-746 (1994); Brady et al., Nature, 368, 692-693 (1994). The net result of

combining D-enantiomers and reverse synthesis is that the positions of carbonyl and amino

groups in each amide bond are exchanged, while the position of the side-chain groups at each

alpha carbon is preserved. Unless specifically stated otherwise,it is presumed that any given L-

amino acid sequence of the invention may be madeinto an D retro-inverso peptide by

synthesizing a reverse of the sequence for the corresponding native L-amino acid sequence. For

example a GCRA peptide includes the sequence of SEQ ID NO: SEQ ID NO:2-8.

By inducing cGMPproduction is meant that the GCRA peptide induces the production

of intracellular cGMP. Intracellular cGMP is measured by methods knowninthe art. For

example, the GCRA peptide of the invention stimulate 5%, 10%, 20%, 30%, 40%, 50% , 75%,

90% or more intracellular cGMP compared to naturally occurring GC-C angonists. Optionally,

the GCRA peptides of the invention of the invention stimulate 5%, 10%, 20%, 30%, 40%, 50% ,

75%, 90% or more intracellular CGMP compared SP-304 (SEQ ID NO:1). In further

embodiments, the GCRA peptide stimulates apoptosis, e.g., programmed cell death or activate

the cystic fibrosis transmembrane conductance regulator (CFTR). In some embodimenstthe

GCRA peptides described herein are morestable than naturally occurring GC-C agonists and/or

SP-304 (SEQ ID NO:1). By morestable it is meant that the peptide degrade less and/or more

slowly in simulated gastric fluid and/or simulated ntestinal fluid compared to naturally occurring

GC-C angonists and/or SP-304. For example, the GCRA peptide of the invention degrade 2%,

3%, 5%, 10%, 15%, 20%, 30%, 40%, 50% , 75%, 90% or less compared to naturally occurring

GC-C angonists and/or SP-304.

As usedherein, the term “AMIDE”is meant to denote that the terminal carboxylic acid is

replaced with an amide group,1.c., the terminal COOHis replaced with CONHa,

In certain embodiments, one or more amino acids of the GCRA peptides can be

replaced by a non-naturally occurring aminoacid or a naturally or non-naturally occurring amino

acid analog. There are many aminoacids beyond the standard 20 (Ala, Arg, Asn, Asp, Cys, Gln,

Glu, Gly, His, Ile, Leu, Lys, Met, Phe, Pro, Ser, Thr, Trp, Tyr, and Val). Some are naturally-
15
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occurring others are not. (See, for example, Hunt, The Non-Protein Amino Acids: In Chemistry

and Biochemistry of the Amino Acids, Barrett, Chapman and Hall, 1985). For cxamplc, an

aromatic amino acid can be replaced by 3,4-dihydroxy-L-phenylalanine, 3-iodo-L-tyrosine,

triiodothyronine, L-thyroxine, phenylglycine (Phg) or nor-tyrosine (norTyr). Phg and norTyr and

other amino acids including Phe and Tyrcan be substituted by, e.g., a halogen, -CH3, -OH,-

CH2NHS3, -C(O)H, -CH2CH3, - CN, -CH2CH2CH3, -SH, or another group. Any amino acid

can be substituted by the D-form of the aminoacid.

With regard to non-naturally occurring amino acidsor naturally and non-naturally

occurring amino acid analogs, a numberof substitutions in the polypeptide and agonists

described herein are possible alone or in combination.

For example, glutamine residues can be substituted with gamma-Hydroxy-Glu or

gamma- Carboxy-Glu. Tyrosine residues can be substituted with an alpha substituted amino acid

such as L-alpha-methylphenylalanine or by analogues such as: 3-Amino-Tyr; Tyr(CH3);

Tyr(PO3(CH3)2); Tyr(SO3H); beta-Cyclohexyl-Ala; beta-(1-Cyclopentenyl)-Ala; beta-

Cyclopentyl-Ala; beta-Cyclopropyl-Ala; beta-Quinolyl-Ala; beta-(2-Thiazolyl)-Ala; beta-

(Triazole-l-yl)-Ala; beta-(2-Pyridyl)-Ala; beta-(3-Pyridyl)-Ala; Amino-Phe; Fluoro-Phe;

Cyclohexyl-Gly; tBu-Gly; beta-(3-benzothienyl)-Ala; beta-(2-thienyl)-Ala; 5-Methyl-Trp; and

A- Methyl-Trp. Proline residues can be substituted with homopro (L-pipecolic acid); hydroxy-

Pro; 3,4-Dehydro-Pro; 4-fluoro-Pro; or alpha-methyl-Pro or an N(alpha)-C(alpha) cyclized

amino acid analogues with the structure: n= 0, 1, 2, 3 Alanine residues can be substituted with

alpha-substitued or N-methylated amino acid such as alpha-amino isobutyric acid (aib), L/D-

alpha-ethylalanine (L/D-isovaline), L/D-methylvaline, or L/D-alpha-methylleucine or a non-

natural amino acid such as beta-fluoro-Ala. Alanine can also be substituted with: n = 0,1, 2,3

Glycine residues can be substituted with alpha-aminoisobutyric acid (aib) or L/D-alpha-

ethylalanine (L/D-isovaline).

Further examples ofunnatural aminoacids include: an unnatural analog of tyrosine; an

unnatural analogue of glutamine; an unnatural analogue of phenylalanine; an unnatural analogue

of serine; an unnatural analogue of threonine; an alkyl, aryl, acyl, azido, cyano, halo, hydrazine,

hydrazide, hydroxyl, alkenyl, alkynl, ether, thiol, sulfonyl, seleno, ester, thioacid, borate,

boronate, phospho, phosphono, phosphine, heterocyclic, enone, imine, aldehyde, hydroxylamine,

keto, or amino substituted amino acid, or any combination thereof; an amino acid with a

16
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photoactivatable cross-linker; a spin-labeled amino acid; a fluorescent amino acid; an amino acid

with a novel functional group; an aminoacid that covalently or noncovalently intcracts with

another molecule; a metal binding amino acid; an aminoacid that is amidated at a site that is not

naturally amidated, a metal-containing amino acid; a radioactive amino acid; a photocaged

and/or photoisomerizable amino acid; a biotin or biotin-analogue containing aminoacid; a

glycosylated or carbohydrate modified amino acid; a keto containing amino acid; amino acids

comprising polyethylene glycol or polyether; a heavy atom substituted amino acid (e.g., an

amino acid containing deuterium,tritium, BE DN, or 80); a chemically cleavable or

photocleavable amino acid; an amino acid with an elongated side chain; an aminoacid

containing a toxic group; a sugar substituted aminoacid, e.g., a sugar substituted serine or the

like; a carbon-linked sugar-containing amino acid; a redox-active aminoacid; an a-hydroxy

containing acid; an amino thio acid containing amino acid; an a, «@ disubstituted amino acid; a B-

amino acid; a cyclic amino acid other than proline; an O-methyl-L-tyrosine; an L-3-(2-

naphthyl)alanine; a 3-methyl-phenylalanine; a p-acetyl-L-phenylalanine; an O-4-allyl-L-tyrosine;

a 4-propyl-L-tyrosine; a tri-O-acetyl-GleNAc B -serine; an L-Dopa; a fluorinated phenylalanine;

an isopropyl-L-phenylalanine; a p-azido-L-phenylalanine; a p-acyl-L-phenylalanine;a p-

benzoyl-L-phenylalanine; an L-phosphoserine; a phosphonoserine; a phosphonotyrosine; a p-

iodo-phenylalanine; a 4-fluorophenylglycine; a p-bromophenylalanine; a p-amino-L-

phenylalanine; an isopropyl-L-phenylalanine; L-3-(2-naphthylalanine; D- 3-(2-naphthyl)alanine

(dNal); an amino-, isopropyl-, or O-allyl-containing phenylalanine analogue; a dopa, 0-methy!l-

L-tyrosine; a glycosylated amino acid: a p-(propargyloxy)phenylalanine; dimethyl-Lysine;

hydroxy-proline; mercaptopropionic acid; methyl-lysine; 3-nitro-tyrosine; norleucine; pyro-

glutamic acid; Z (Carbobenzoxyl); ¢- Acetyl-Lysine; B -alanine; aminobenzoyl derivative;

aminobutyric acid (Abu); citrulline; aminohexanoic acid; aminoisobutyric acid (AIB);

cyclohexylalanine; d-cyclohexylalanine; hydroxyproline; nitro-arginine; nitro-phenylalanine;

nitro-tyrosine; norvaline; octahydroindole carboxylate; ornithine (Orn); penicillamine (PEN);

tetrahydroisoquinoline; acetamidomethyl protected amino acids and pegylated aminoacids.

Further examples of unnatural amino acids and amino acid analogs can be found in U.S.

20030108885, U.S. 20030082575, US20060019347 (paragraphs 410-418) and the references

cited therein. The polypeptides of the invention can include further modifications including those

described in US20060019347, paragraph 589. Exempary GCRA peptides which include a nOn-
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naturally occurring aminoacid include for example SP-368 and SP-369.

In some embodiments, an amino acid can be replaced by a naturally-occurring, non-

essential amino acid, e.g., taurine.

Alternatively, the GCRA peptides are cyclic peptides. GCRA cyclic peptide are prepared

by methods knownin the art. For example, macrocyclization is often accomplished by forming

an amide bond between the peptide N- and C-termini, between a side chain and the N- or

C-terminus[e.g., with K;Fe(CN)¢ at pH 8.5] (Samson et al., Endocrinology, 137: 5182-5185

(1996)), or between two amino acid side chains, such as cysteine. See, e.g., DeGrado, Adv

Protein Chem, 39: 51-124 (1988). In various aspects the GCRA peptides are [4,12; 7,15]

bicycles.

In some GCRA peptides one or both members of one or both pairs of Cys residues which

normally form a disulfide bond can be replaced by homocysteine, penicillamine, 3-

mercaptoproline (Kolodziej et al. 1996 Int J Pept Protein Res 48:274); B, B dimethylcysteine

(Huntet al. 1993 Int JPept Protein Res 42:249) or diaminopropionic acid (Smith et al. 1978 J

Med Chem 2 1:117) to form alternative internal cross-links at the positions of the normal

disulfide bonds.

In addition, one or more disulfide bonds can be replaced by alternative covalent cross-

links, e.g., an amide linkage ((CH2CH(O)NHCH2- or -CH2NHCH(O)CH2-), an ester linkage,

a thioester linkage, a lactam bridge , a carbamoyl linkage, a urea linkage, a thiourea linkage, a

phosphonate ester linkage, an alkyl linkage ((CH2CH2CH2CH2-), an alkenyl linkage(-CH

2CH=CHCH2-), an ether linkage (-CH2CH20CH2- or -CH20CH2CH72-), a thioether linkage(-

CH2CH2SCH?2- or - CH2SCH2CH2-), an amine linkage (-CH2CH2NHCH?- or -CH2NHCH

2CH2-) or a thioamide linkage ((CH2CH(S)HNHCH2- or -CH2NHCH(S)CH2-). For example,

Ledu et al. (Proc Nat'l Acad. Sci. 100:11263-78, 2003) describe methods for preparing lactam

and amide cross-links. Exemplary GCRA peptides which include a lactam bridge include for

example SP-370.

The GCRApeptides can have one or more conventional polypeptide bonds replaced by

an alternative bond. Such replacements can increase the stability of the polypeptide. For

example, replacement of the polypeptide bond between a residue amino terminal to an aromatic

residue (e.g. Tyr, Phe, Trp) with an alternative bond can reduce cleavage by carboxy peptidases
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and mayincreasehalf-life in the digestive tract. Bonds that can replace polypeptide bonds

include: a retro-inverso bond (C(O)-NH instead of NH-C(Q); a reduced amide bond (NH-CH2);

a thiomethylene bond (S-CH2 or CH2-S); an oxomethylene bond (0-CH 2 or CH2-O); an

ethylene bond (CH2-CH2); a thioamide bond (C(S)-NH);a trans-olefine bond (CH=CH); a

fiuoro substituted trans-olefme bond (CF=CH); a ketomethylene bond (C(O)-CHR or CHR-C(O)

wherein R is H or CH3; and a fluoro-ketomethylene bond (C(O)-CFR or CFR-C(O) wherein R is

H or F or CH3.

The GCRA peptides can be modified using standard modifications. Modifications may

occur at the amino (N-), carboxy (C-) terminus, internally or a combination of any of the

preceeding. In one aspect described herein, there may be more than one type of modification on

the polypeptide. Modifications include but are not limited to: acetylation, amidation,

biotinylation, cinnamoylation, farnesylation, formylation, myristoylation, palmitoylation,

phosphorylation (Ser, Tyr or Thr), stearoylation, succinylation, sulfurylation and cyclisation (via

disulfide bridges or amide cyclisation), and modification by Cys3 or Cys5. The GCRA peptides

described herein may also be modified by 2, 4-dinitrophenyl (DNP), DNP-lysine, modification

by 7-Amino-4-methyl- coumarin (AMC), flourescein, NBD (7-Nitrobenz-2-Oxa-l,3-Diazole), p-

nitro-anilide, rhodamine B, EDANS(5-((2-aminoethyl)amino)naphthalene-l- sulfonic acid),

dabcyl, dabsyl, dansyl, texas red, FMOC, and Tamra (Tetramethylrhodamine). The GCRA

peptides described herein may also be conjugated to, for example, polyethylene glycol (PEG);

alkyl groups(e.g., C1-C20 straight or branched alkyl groups); fatty acid radicals; combinations

of PEG,alkyl groups and fatty acid radicals (See, U.S. Patent 6,309,633; Soltero et al., 2001

Innovations in Pharmaceutical Technology 106-110); BSA and KLH (Keyhole Limpet

Hemocyanin). The addition of PEG and other polymers which can be used to modify

polypeptides of the invention 1s described in US20060 19347 section IX.

Also included in the invention are peptides that biologically or functional equivalentto

the peptides described herein. The term "biologically equivalent" or functional equivalent” is

intended to mcan that the compositions of the present invention are capable of demonstrating

someor all of the cGMP production modulatory effects.

GCRA peptides can also include derivatives of GCRA peptides which are intended to

include hybrid and modified forms of GCRA peptides in which certain amino acids have been
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deleted or replaced and modifications such as where one or more amino acids have been changed

to a modificd amino acid or unusual amino acid and modifications such as glycosylation so long

the modified form retains the biological activity of GCRA peptides. By retaining the biological

activity, it is meant that cGMP andor apoptosis is induced by the GCRA peptide, although not

necessarily at the same level of potency as that of a naturally-occurring GCRA peptide

identified.

Preferred variants are those that have conservative amino acid substitutions made at one

or more predicted non-essential amino acid residues. A "conservative amino acid substitution"is

one in which the amino acid residue is replaced with an aminoacid residue having a similar side

chain. Families of amino acid residues having similar side chains have been defined in the art.

These families include amino acids with basic side chains(e.g., lysine, arginine, histidine), acidic

side chains (¢.g., aspartic acid, glutamic acid), uncharged polar side chains(e.g., glycine,

asparagine, glutamine, serine, threonine, tyrosine, cysteine), nonpolar side chains(e.g., alanine,

valine, leucine, isoleucine, proline, phenylalanine, methionine, tryptophan), beta-branchedside

chains (e.g., threonine, valine, isoleucine) and aromatic side chains(¢.g., tyrosine, phenylalanine,

tryptophan,histidine). Thus, a predicted nonessential amino acid residue in a GCRA polypeptide

is replaced with another aminoacid residue from the same side chain family. Alternatively, in

another embodiment, mutations can be introduced randomlyalongall or part of a GCRA coding

sequence,such as by saturation mutagenesis, and the resultant mutants can be screened to

identify mutants that retain activity.

Also included within the meaning of substantially homologous is any GCRA peptide

which maybe isolated by virtue of cross-reactivity with antibodies to the GCRA peptide.

PREPARATION OF GCRA PEPTIDES

GCRA peptides are easily prepared using modern cloning techniques, or may be

synthesized by solid state methods or by site-directed mutagenesis. A GCRA peptide may

include dominant negative forms of a polypeptide.

Chemical synthesis may generally be performed using standard solution phaseor solid

phase peptide synthesis techniques, in which a peptide linkage occurs through the direct

condensation of the amino group of one aminoacid with the carboxy group ofthe other amino

acid with the elimination of a water molecule. Peptide bond synthesis by direct condensation, as
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formulated above, requires suppression of the reactive character of the amino groupofthefirst

and of the carboxyl group of the sccond amino acid. The masking substituents must permit their

ready removal, without inducing breakdownofthe labile peptide molecule.

Tn solution phase synthesis, a wide variety of coupling methods and protecting groups

may be used (See, Gross and Meienhofer, eds., "The Peptides: Analysis, Synthesis, Biology,"

Vol. 1-4 (Academic Press, 1979); Bodansky and Bodansky, "The Practice of Peptide Synthesis,"

2d ed. (Springer Verlag, 1994)). In addition, intermediate purification and linear scale up are

possible. Those of ordinary skill in the art will appreciate that solution synthesis requires

consideration of main chain andside chain protecting groups andactivation method. In addition,

careful segmentselection is necessary to minimize racemization during segment condensation.

Solubility considerations are also a factor. Solid phase peptide synthesis uses an insoluble

polymer for support during organic synthesis. The polymer-supported peptide chain permits the

use of simple washing and filtration steps instead of laborious purifications at intermediate steps.

Solid-phase peptide synthesis may generally be performed according to the method of Merrifield

et al., J. Am. Chem. Soc., 1963, 85:2149, which involves assembling a linear peptide chain on a

resin support using protected amino acids. Solid phase peptide synthesis typically utilizes either

the Boc or Fmocstrategy, which are well knownin theart.

Those of ordinary skill in the art will recognize that, in solid phase synthesis,

deprotection and coupling reactions must go to completion and the side-chain blocking groups

mustbe stable throughout the synthesis. In addition, solid phase synthesis is generally most

suitable when peptides are to be made on a small scale.

Acctylation of the N-terminal can be accomplishedby reacting the final peptide with

acetic anhydride before cleavage from the resin. C-amidation is accomplished using an

appropriate resin such as methylbenzhydrylamine resin using the Boc technology.

Alternatively the GCRA peptides are produced by modern cloning techniques For

example, the GCRA peptides are produced cither in bacteria including, without limitation,E.

coli, or in other existing systems for polypeptide or protein production (e.g., Bacillus subtilis,

baculovirus expression systems using Drosophila Sf9 cells, yeast or filamentous fungal

expression systems, mammalian cell expression systems), or they can be chemically synthesized.

If the GCRA peptide or variant peptide is to be produced in bacteria, e.g., E. coli, the nucleic
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acid molecule encoding the polypeptide may also encode a leader sequence that permits the

scerction of the mature polypeptide from the cell. Thus, the sequence encoding the polypeptide

can include the pre sequence and the pro sequence of, for example, a naturally-occurring

bacterial ST polypeptide. The secreted, mature polypeptide can be purified from the culture

medium.

The sequence encoding a GCRA peptide described herein can be inserted into a vector

capable of delivering and maintaining the nucleic acid molecule in a bacterial cell. The DNA

molecule may be inserted into an autonomously replicating vector (suitable vectors include, for

example, pGEM3Z and pcDNA3, and derivatives thereof). The vector nucleic acid may be a

bacterial or bacteriophage DNA such as bacteriophage lambda or M13 and derivatives thereof.

Construction of a vector containing a nucleic acid described herein can be followed by

transformation of a host cell such as a bacterium. Suitable bacterial hosts include but are not

limited to, E. coli, B subtilis, Pseudomonas, Salmonella. The genetic construct also includes, in

addition to the encoding nucleic acid molecule, elements that allow expression, such as a

promoter and regulatory sequences. The expression vectors may contain transcriptional control

sequences that control transcriptional initiation, such as promoter, enhancer, operator, and

repressor sequences.

A varicty of transcriptional control sequences arc well knownto those in the art. The

expression vector can also includea translation regulatory sequence (e.g., an untranslated 5'

sequence, an untranslated 3' sequence, or an internal ribosome entry site). The vector can be

capable of autonomousreplication or it can integrate into host DNA to ensure stability during

polypeptide production.

The protein coding sequence that includes a GCRA peptide described herein can also be

fused to a nucleic acid encoding a polypeptide affinity tag, e.g., glutathione S-transferase (GST),

maltose E binding protein, protein A, FLAGtag, hexa-histidine, myc tag or the influenza HA

tag, in order to facilitate purification. The affinity tag or reporter fusion joins the reading frame

of the polypeptide of interest to the reading frame of the gene encoding the affinity tag such that

a translational fusion is generated. Expression of the fusion gene results in translation of a single

polypeptide that includes both the polypeptide of interest and the affinity tag. In some instances
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whereaffinity tags are utilized, DNA sequence encoding a protease recognitionsite will be fused

between the reading frames for the affinity tag and the polypeptide of interest.

Genetic constructs and methods suitable for production of immature and mature forms of

the GCRA peptides and variants described herein in protein expression systems other than

bacteria, and well knownto those skilled in the art, can also be used to produce polypeptides in a

biological system.

The peptides disclosed herein may be modified by attachment of a second molecule that

confers a desired property upon the peptide, such as increasedhalf-life in the body, for example,

pegylation. Such modifications also fall within the scope of the term "variant" as used hercin.

THERAPEUTIC METHODS

The present invention provides for both prophylactic and therapeutic methodsoftreating

a subject at risk of (or susceptible to) a disorder or having a disorder associated that is mediated

by guanylate cyclase receptor agonists. Disorders mediated by the guanylate cyclase receptor

agonists include gastrointestinal disorders, inflammatory disorders, lung disorders, cancer,

cardiac disorders, eye disorders, oral disorders, blood disorders, liver disorders, skin disorders,

prostate disorders, endocrine disorders, increasing gastrointestinal motility

and obesity.Gastointestinal disorders include for cxample, irritable bowcl syndrome (IBS),

necrotizing enterocolitis (NEC), non-ulcer dyspepsia, chronic intestinal pseudo-obstruction,

functional dyspepsia, colonic pseudo-obstruction, duodenogastric reflux, gastroesophagealreflux

disease (GERD)ileus(¢.g., post-operative ileus), gastroparesis, heartburn (high acidity in the GI

tract), constipation (é.g., constipation associated with use of medications such as opioids,

osteoarthritis drugs , osteoporosis drugs; post surigical constipation, constipation associated with

neuropathic disorders. Inflammatory disorders include tissue and organ inflammation such as

kidney inflammation(e.g., nephritis), gastrointestinal system inflammation (e.g., Crohn’s disease

and ulcerative colitis); pancreatic inflammation (e.g., pancreatis), lung inflammation (e.g.,

bronchitis or asthma) or skin inflammation(e.g., psoriasis, cczcma) . Lung Disorders include

for example chronic obstructive pulmonary disease ( COPD), and fibrosis. Cancer includes

tissue and organ carcinogenesis including metatases such as for example gastrointestinal cancer,

( é.g., gastric cancer, esophageal cancer, pancreatic cancer colorectal cancer, intestinal cancer,

anal cancer, liver cancer, gallbladder cancer, or colon cancer; lung cancer; thyroid cancer; skin
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cancer (e.g., melanoma); oral cancer; urinary tract cancer (e.g. bladder cancer or kidney cancer);

blood cancer(e.g. myclomaor lcukcmia) or prostate cancer. Cardiac disorders include for

example, congestive heart failure, trachea cardia hypertension, high cholesterol, or high

tryglycerides. Liver disorders include for example cirrhosis and fibrosis. Eye disorders include

for example increased intra-ocular pressure, glaucoma, dry eyes retinal degeneration, disorders

of tear glands or eye inflammation. Skin disorders include for example xerosis. Oral disorders

include for example dry mouth (xerostomia), Sj6gren's syndrome, gum diseases(e.g.,

periodontal disease), or salivary gland duct blockage or malfunction. Prostate disorders include

for example benign prostatic hyperplasia (BPH). Endocrine disorders include for example

diabetes mellitus, hyperthyroidism, hypothyroidism, and cystic fibrosis.

‘The term “treatment” refers to reducing or alleviating symptomsin a subject, preventing

symptoms from worsening or progressing, and/or preventing disease in a subject whois free

therefrom. For a given subject, improvement in a symptom,its worsening, regression, or

progression may be determined by any objective or subjective measure. Efficacy of the

treatment may be measured as an improvement in morbidity or mortality (e.g., lengthening of

survival curve for a selected population). Thus, effective treatment would include therapy of

existing disease, control of disease by slowing or stopping its progression, prevention of disease

occurrence, reduction in the numberor severity of symptoms, or a combination thereof. The

effect may be shown in a controlled study using one or morestatistically significant criteria.

Intracellular cGMP induced by exposing, e.g., contacting a tissue (e.g., gastrointestinals

tissue) or cell with GCRA agonists. GC-C receptors are expressed throughout the GI tract

starting from esophagus, duodenum,jejunum, ilium, caecum and colon. Human colon cancer

cell lines (T81, CaCo-2 and HT-29) also express GC-C receptors. By inducing is meant an

increase in cGMPproduction comparedto a tissue or cell that has not been in contact with

GCRA peptide or variant. Tissues or cells are directly contacted with a GCRA peptide or

variant. Alternatively, the GCRA peptide or variant is administered systemically. GCRA

peptide or variant are administered in an amountsufficient to increase intracellular cGMP

concentration. cGMPproduction is measured bya cell-based assay knownin the art (25).

Disorders are treated, prevented or alleviated by administering to a subject, e.g., a

mammal such as a humanin need thereof, a therapeutically effective dose of a GCRA peptide.

The GCRA peptides may be in a pharmaceutical composition in unit dose form, together with
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one or more pharmaceutically acceptable excipients. The term “unit dose form”refers to a single

drug delivery entity, e.g., a tablet, capsule, solution or inhalation formulation. The amount of

peptide present should be sufficient to have a positive therapeutic effect when administered to a

patient (typically, between 10 ug and 3 g). What constitutes a “positive therapeutic effect” will

depend upontheparticular condition being treated and will include anysignificant improvement

in a condition readily recognized by one ofskill in the art.

The GCRA peptides can be administered alone or in combination with other agents. For

example the GCRA peptides can be administered in combination with inhibitors of cGMP

dependent phosphodiesterase, such as, for example, suldinac sulfone, zaprinast, motapizone,

vardenafil or sildenifil; one or more other chemotherapeutic agents; or anti-inflammatory drugs

such as, for example, steroids or non-steroidal anti-inflammatory drugs (NSAIDS), such as

aspirin.

Combination therapy can be achieved by administering two or more agents, e.g.,a GCRA

peptide described herein and another compound, each of which is formulated and administered

separately, or by administering two or more agents in a single formulation. Other combinations

are also encompassed by combination therapy. For example, two agents can be formulated

together and administered in conjunction with a separate formulation containing a third agent.

While the two or more agents in the combination therapy can be administered simultaneously,

they need not be. For example, administration ofa first agent (or combination of agents) can

precede administration of a second agent (or combination of agents) by minutes, hours, days, or

weeks. Thus, the two or more agents can be administered within minutes of each other or within

1,2, 3,6, 9, 12, 15, 18, or 24 hours of each other or within 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 14 days

of each other or within 2, 3, 4,5, 6, 7, 8,9, or 10 weeks of each other. In some cases even longer

intervals are possible. While in many casesit is desirable that the two or more agents used in a

combination therapy be present in within the patient's body at the same time, this need not be so.

The GCRA peptides described herein may be combined with phosphodiesterase

inhibitors, e.g., sulindae sulfone, Zaprinast, sildenafil, vardenafil or tadalafil to further enhance

levels of cGMPin the target tissues or organs.

Combination therapy can also include two or more administrations of one or more of the

agents used in the combination. For example, if agent X and agent Y are used in a combination,
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one could administer them sequentially in any combination one or more times,e.g., in the order

X-Y- X, X-X-Y, Y-X-Y,Y-Y-X,X-X-Y-Y, cte.

Combination therapy can also include the administration of one of the GC-C agonist with

azothioprine and/or other immunomodulating agents. The immunomodulating agents may

include small molecule drugs and biologics such as Remicade, Humaira, Cimziaetc.

Combination therapy can also include the administration of two or more agents via

different routes or locations. For example, (a) one agent is administered orally and another

agents is administered intravenously or (b) one agent is administered orally and anotheris

administered locally. In cach casc, the agents can cithcr simultancously or scqucntially.

Approximated dosages for some of the combination therapy agents described herein are found in

the "BNF Recommended Dose" column of tables on pages 11-17 of WOO1/76632 (the data in

the tables being attributed to the March 2000 British National Formulary) and can also be found

in other standard formularies and other drug prescribing directories. For some drugs, the

customary presecribed dose for an indication will vary somewhat from country to country.

The GCRA peptides, alone or in combination, can be combined with any

pharmaceutically acceptable carrier or medium. Thus, they can be combined with materials that

do not produce an adverse, allergic or otherwise unwanted reaction when administered to a

patient. The carriers or mediums used can include solvents, dispersants, coatings, absorption

promoting agents, controlled release agents, and one or more inert excipients (which include

starches, polyols, granulating agents, microcrystalline cellulose (e.g. celphere, Celphere beads®),

diluents, lubricants, binders, disintegrating agents, and the like), etc. If desired, tablet dosages of

the disclosed compositions may be coated by standard aqucous or nonaqucoustechniques.

A pharmaceutical composition of the invention is formulated to be compatible with its

intended route of administration. Examples of routes of administration include parenteral, e.g.,

intravenous, intradermal, subcutaneous, oral (e.g., inhalation), transdermal (topical),

transmucosal, and rectal administration. Solutions or suspensions uscd for parenteral,

intradermal, or subcutaneous application can include the following components:a sterile diluent

such as water for injection, saline solution, fixed oils, polyethylene glycols, glycerine, propylene

glycol or other synthetic solvents; antibacterial agents such as benzyl alcohol or methyl

parabens; antioxidants such as ascorbic acid or sodium bisulfite; chelating agents such as
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ethylenediaminetetraacetic acid; buffers such as acetates, citrates or phosphates, and agents for

the adjustment of tonicity such as sodium chloride or dextrose. The pH can be adjusted with

acids or bases, such as hydrochloric acid or sodium hydroxide. The parenteral preparation can

be enclosed in ampoules, disposable syringes or multiple dose vials made of glass orplastic.

Pharmaceutical compositions suitable for injectable use include sterile aqueous solutions

(where water soluble) or dispersions and sterile powders for the extemporaneouspreparation of

sterile injectable solutions or dispersion. For intravenous administration, suitable carriers

include physiological saline, bactcriostatic water, Cremophor EL™ (BASF,Parsippany, N.J.) or

phosphate buffered saline (PBS). In all cases, the composition must besterile and should be

fluid to the extent that easy syringeability exists. It must be stable under the conditions of

manufacture and storage and must be preserved against the contaminating action of

microorganisms such as bacteria and fungi. The carrier can be a solvent or dispersion medium

containing, for example, water, ethanol, polyol (for example, glycerol, propylene glycol, and

liquid polyethylene glycol, and the like), and suitable mixtures thereof. The properfluidity can

be maintained, for example, by the use of a coating such as lecithin, by the maintenanceofthe

required particle size in the case of dispersion and by the use of surfactants. Prevention of the

action of microorganismscan be achieved by various antibacterial and antifungal agents, for

example, parabens, chlorobutanol, phenol, ascorbic acid, thimerosal, and the like. In many

cases, it will be preferable to include isotonic agents, for example, sugars, polyalcohols such as

manitol, sorbitol, sodium chloride in the composition. Prolonged absorption of the injectable

compositions can be brought about by including in the composition an agent which delays

absorption, for example, aluminum monostearate and gelatin.

Sterile injectable solutions can be prepared by incorporating the active compound(e.g., a

GCRA agonist) in the required amountin an appropriate solvent with one or a combination of

ingredients enumerated above, as required, followed by filtered sterilization. Generally,

dispersions are prepared by incorporating the active compoundinto a sterile vehicle that contains

a basic dispersion medium and the required other ingredients from those enumerated above. In

the case of sterile powders for the preparation of sterile injectable solutions, methods of

preparation are vacuum drying and freeze-drying that yields a powderof the active ingredient

plus any additional desired ingredient from a previously stcrilc-filtered solution thercof.
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Oral compositions generally include aninert diluent or an edible carrier. Such as

mannitol, fructooligosaccharides, polycthylene glycol and other excepicnts. They can be

enclosed in gelatin capsules or compressed into tablets. For the purpose of oral therapeutic

administration, the active compound can be incorporated with excipients and used in the form of

tablets, troches, or capsules. Oral compositions can also be prepared using a fluid carrier for use

as a mouthwash, wherein the compoundin the fluid carrier is applied orally and swished and

expectorated or swallowed. Pharmaceutically compatible binding agents, and/or adjuvant

materials can be includedas part of the composition. The tablets, pills, capsules, troches and the

like can contain any of the following ingredients, or compoundsof a similar nature: a binder

such as microcrystalline cellulose, gum tragacanth or gelatin; an excipient such as starch or

lactose, a disintegrating agent such as alginic acid, Primogel, or corn starch; a lubricant such as

magnesium stearate or Sterotes; a glidant such as colloidal silicon dioxide; a sweetening agent

such as sucrose or saccharin; or a flavoring agent such as peppermint, methyl] salicylate, or

orange flavoring.

For administration by inhalation, the compoundsare delivered in the form of an aerosol

spray from pressured container or dispenser which contains a suitable propellant, e.g., a gas such

as carbon dioxide, or a nebulizer.

Systemic administration can also be by transmucosal or transdermal mcans. For

transmucosal or transdermal administration, penetrants appropriate to the barrier to be permeated

are used in the formulation. Such penetrants are generally knownin the art, and include, for

example, for transmucosal administration, detergents, bile salts, and fusidic acid derivatives.

Transmucosal administration can be accomplished through the use of nasal sprays or

suppositories. For transdermal administration, the active compoundsare formulated into

ointments, salves, gels, or creams as generally knownin theart.

The compoundscanalso be prepared in the form of suppositories (e.g., with conventional

suppository bases such as cocoabutter and other glycerides) or retention enemasfor rectal delivery.

In one embodiment, the active compounds are prepared with carriers that will protect the

compoundagainst rapid elimination from the body, such as a controlled release formulation,

including implants and microencapsulated delivery systems. Biodegradable, biocompatible

polymers can be used, such as ethylene vinyl acetate, polyanhydrides, polyglycolic acid,
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collagen, polyorthoesters, and polylactic acid. Methods for preparation of such formulationswill

be apparent to those skilled in the art. The matcrials can also be obtaincd commercially from

Alza Corporation and Nova Pharmaceuticals, Inc. Liposomal suspensions (including liposomes

targeted to infected cells with monoclonalantibodies to viral antigens) can also be used as

pharmaceutically acceptable carriers. These can be prepared according to methods knownto

those skilled in the art, for example, as described in U.S. Pat. No. 4,522,811, incorporated fully

herein by reference.

It is especially advantageous to formulate oral or parenteral compositions in dosage unit

form for ease of administration and uniformity of dosage. Dosage unit form as used herein refers

to physically discrete units suited as unitary dosages for the subject to be treated; each unit

containing a predetermined quantity of active compound calculated to produce the desired

therapeutic effect in association with the required pharmaceutical carrier. The specification for

the dosage unit forms of the invention are dictated by and directly dependent on the unique

characteristics of the active compoundandthe particular therapeutic effect to be achieved.

The pharmaceutical compositions can be included in a container, pack, or dispenser

together with instructions for administration.

Compositions of the present invention may also optionally include other therapeutic

ingredients, anti-caking agents, preservatives, sweetening agents, colorants, flavors, desiccants,

plasticizers, dyes, glidants, anti-adherents, anti-static agents, surfactants (wetting agents), anti-

oxidants, film- coating agents, and the like. Any such optional ingredient must be compatible

with the compound described herein to insure the stability of the formulation.

The composition may contain other additives as needed, including for exanple lactose,

glucose, fructose, galactose, trehalose, sucrose, maltose, raffnose, maltitol, melezitose,

stachyose, lactitol, palatinite, starch, xylitol, mannitol, myoinositol, and the like, and hydrates

thereof, and amino acids, for example alanine, glycine and betaine, and polypeptides and

protcins, for cxample albumen.

Examples of excipients for use as the pharmaceutically acceptable carriers and the

pharmaceutically acceptable inert carriers and the aforementioned additional ingredients include,

but are not limited to binders,fillers, disintegrants, lubricants, anti-microbial agents, and coating

agents such as: BINDERS: corn starch, potato starch, other starches, gelatin, natural and
29
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synthetic gums such as acacia, xanthan, sodiumalginate, alginic acid, other alginates, powdered

tragacanth, guar gum,ccllulose andits derivatives (e.g., cthyl ccllulosc, cellulose acctate,

carboxymethyl cellulose calcium, sodium carboxymethy] cellulose), polyvinyl pyrrolidone (e.g.,

povidone, crospovidone, copovidone,etc), methyl cellulose, Methocel, pre-gelatinized starch

(2.g., STARCH 1500® and STARCH 1500 LM®,sold by Colorcon, Ltd.), hydroxypropyl

methyl cellulose, microcrystalline cellulose (FMC Corporation, Marcus Hook, PA, USA), or

mixtures thereof, FILLERS: talc, calcium carbonate (e.g., granules or powder), dibasic calcium

phosphate, tribasic calcium phosphate, calcium sulfate (¢e.g., granules or powder),

microcrystalline cellulose, powdered cellulose, dextrates, kaolin, mannitol, silicic acid, sorbitol,

starch, pre-gelatinized starch, dextrose, fructose, honey, lactose anhydrate, lactose monohydrate,

lactose and aspartame, lactose and cellulose, lactose and microcrystalline cellulose, maltodextrin,

maltose, mannitol, microcrystalline cellulose &amp; guar gum, molasses, sucrose,or mixtures

thereof, DISINTEGRANTS:agar-agar, alginic acid, calcium carbonate, microcrystalline

cellulose, croscarmellose sodium, crospovidone, polacrilin potassium, sodium starch glycolate,

potato or tapioca starch, other starches, pre-gelatinized starch, clays, other algins, other

celluloses, gums(like gellan), low-substituted hydroxypropyl cellulose, or mixtures thereof,

LUBRICANTS:calcium stearate, magnesium stearate, mineral oil, light mineral oil, glycerin,

sorbitol, mannitol, polyethylene glycol, other glycols, stearic acid, sodium lauryl sulfate, sodium

stearyl fumarate, vegetable based fatty acids lubricant, talc, hydrogenated vegetable oil (e.¢.,

peanut oil, cottonseed oil, sunflower oil, sesame oil, olive oil, corn oil and soybean oil), zinc

stearate, ethyl oleate, ethyl laurate, agar, syloid silica gel (AEROSIL 200, W.R. Grace Co.,

Baltimore, MD USA), a coagulated aerosol of synthetic silica (Deaussa Co., Piano, TX USA), a

pyrogenic silicon dioxide (CAB-O-SIL, Cabot Co., Boston, MA USA), or mixtures thereof,

ANTI-CAKING AGENTS: calcium silicate, magnesium silicate, silicon dioxide, colloidal

silicon dioxide, talc, or mixtures thereof, ANTIMICROBIAL AGENTS:benzalkonium chloride,

benzethonium chloride, benzoic acid, benzyl alcohol, butyl paraben, cetylpyridinium chloride,

cresol, chlorobutanol, dehydroacetic acid, ethylparaben, methylparaben, phenol, phenylethy]

alcohol, phenoxyethanol, phenylmercuric acetate, phenylmercuric nitrate, potassium sorbate,

propylparaben, sodium benzoate, sodium dehydroacetate, sodium propionate, sorbic acid,

thimersol, thymo, or mixtures thereof, and COATING AGENTS: sodium carboxymethyl

cellulose, cellulose acetate phthalate, ethylcellulose, gelatin, pharmaceutical glaze,
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hydroxypropyl cellulose, hydroxypropyl methylcellulose (hypromellose), hydroxypropyl methyl

cellulose phthalate, methylccllulose, polyethylene glycol, polyvinyl acctate phthalate, shellac,

sucrose, titantum dioxide, carnauba wax, microcrystalline wax, gellan gum, maltodextrin,

methacrylates, microcrystalline cellulose and carrageenan or mixturesthereof.

The formulation can also include other excipients and categories thereof including but not

limited to L-histidine, Pluronic®, Poloxamers (such as Lutrol® and Poloxamer 188), ascorbic

acid, glutathione, permeability enhancers (e.g. lipids, sodium cholate, acylcarnitine, salicylates,

mixed bile salts, fatty acid micelles, chelators, fatty acid, surfactants, medium chain glycerides),

protease inhibitors (e.g. soybean trypsin inhibitor, organic acids), pH lowering agents and

absorption enhancers effective to promote bioavailability (including but not limited to those

described in US6086918 and US5912014), creams andlotions (like maltodextrin and

carrageenans); materials for chewable tablets (like dextrose, fructose, lactose monohydrate,

lactose and aspartame,lactose and cellulose, maltodextrin, maltose, mannitol, microcrystalline

cellulose and guar gum,sorbitol crystalline); parenterals (like mannitol and povidone);

plasticizers (like dibutyl sebacate, plasticizers for coatings, polyvinylacetate phthalate); powder

lubricants (like glyceryl behenate); soft gelatin capsules (like sorbitol special solution); spheres

for coating (like sugar spheres); spheronization agents (like glyceryl behenate and

microcrystalline cellulose); suspending/gelling agents (like carrageenan, gellan gum, mannitol,

microcrystalline cellulose, povidone, sodium starch glycolate, xanthan gum); sweeteners (like

aspartame, aspartame andlactose, dextrose, fructose, honey, maltodextrin, maltose, mannitol,

molasses, sorbitol crystalline, sorbitol special solution, sucrose); wet granulation agents (like

calcium carbonate, lactose anhydrous, lactose monohydrate, maltodextrin, mannitol,

microcrystalline cellulose, povidone, starch), caramel, carboxymethylcellulose sodium, cherry

cream flavor and cherry flavor, citric acid anhydrous,citric acid, confectioner's sugar, D&C Red

No. 33, D&C Yellow #10 Aluminum Lake, disodium edetate, ethyl alcohol 15%, FD&C Yellow

No. 6 aluminum lake, FD&C Blue # 1 Aluminum Lake, FD&C Blue No. 1, FD&C blueno. 2

aluminum lake, FD&C Green No.3, FD&C Red No. 40, FD&C Yellow No. 6 Aluminum Lake,

FD&C Yellow No. 6, FD&C Yellow No.10, glycerol palmitostearate, glyceryl monostearate,

indigo carmine, lecithin, manitol, methyl and propyl parabens, mono ammonium glycyrrhizinate,

natural and artificial orange flavor, pharmaceutical glaze, poloxamer 188, Polydextrose,

polysorbate 20, polysorbate 80, polyvidone, pregelatinized corn starch, pregelatinized starch, red
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iron oxide, saccharin sodium, sodium carboxymethyl ether, sodium chloride, sodiumcitrate,

sodium phosphate, strawberry flavor, synthctic black iron oxide, synthetic red iron oxide,

titanium dioxide, and white wax.

Solid oral dosage forms may optionally be treated with coating systems (e.g. Opadry® fx

film coating system, for example Opadry® blue (OY-LS-20921), Opadry® white (YS-2-7063),

Opadry® white (YS- 1-7040), and black ink (S- 1-8 106).

The agents either in their free form or as a salt can be combined with a polymer such as

polylactic-glycoloic acid (PLGA), poly-(I)-lactic-glycolic-tartaric acid (P()LGT) (WO

01/12233), polyglycolic acid (U.S. 3,773,919), polylactic acid (U.S. 4,767,628), poly( s-

caprolactone) and poly(alkylene oxide) (U.S. 20030068384) to create a sustained release

formulation. Such formulations can be used to implants that release a polypeptide or another

agent over a period of a few days, a few weeks or several months depending on the polymer, the

particle size of the polymer, and the size of the implant (See, e.g., U.S. 6,620,422). Other

sustained release formulations and polymers for use in are described in EP 0 467 389 A2, WO

93/24150, U.S. 5,612,052, WO 97/40085, WO 03/075887, WO 01/01964A2, US. 5,922,356,

WO 94/155587, WO 02/074247A2, WO 98/25642, U.S. 5,968,895, U.S. 6,180,608, U.S.

20030171296. U.S. 20020176841, U.S. 5,672,659, U.S. 5,893,985, U.S. 5,134,122, US.

5,192,741, U.S. 5,192,741, U.S. 4,668,506, U.S. 4,713,244, U.S. 5,445,832 U.S. 4,931,279, U.S.

5, 980,945, WO 02/058672, WO 9726015, WO 97/04744, and US200200 19446. In such

sustained release formulations microparticles (Delie and Blanco-Prieto 2005 Molecule 10:65-80)

of polypeptide are combined with microparticles of polymer. One or more sustained release

implants can be placed in the large intestine, the small intestine or both. U.S. 6,011,0 1 and WO

94/06452 describe a sustained release formulation providing either polyethylene glycols (i.e.

PEG 300 and PEG 400)ortriacetin. WO 03/053401 describes a formulation which may both

enhance bioavailability and provide controlled releaseof the agent within the GI tract. Additional

controlled release formulations are described in WO 02/38129, EP 326151, U.S. 5,236,704, WO

02/30398, WO 98/13029; U.S. 20030064105, U.S. 20030138488A1, U.S. 20030216307A1,

US. 6,667,060, WO 01/49249, WO 01/49311, WO 01/49249, WO 01/49311, and U.S.

5,877,224 materials which may include those described in WO04041195 (including the seal and

enteric coating described therein) and. pH-sensitive coatings that achieve delivery in the colon

including those described in US4,910,021 and WO9001329. US4910021 describes using a pH-
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sensitive material to coat a capsule. WO9001329 describes using pH-sensitive coatings on beads

containing acid, where the acid in the bead core prolongs dissolution of the pH-sensitive coating.

U.S. Patent No. 5,175,003 discloses a dual mechanism polymer mixture composed ofpH-

sensitive enteric materials and film-forming plasticizers capable of conferring permeability to the

enteric material, for use in drug-delivery systems; a matrix pellet composed of a dual mechanism

polymer mixture permeated with a drug and sometimes covering a pharmaceutically neutral

nucleus; a membrane- coated pellet comprising a matrix pellet coated with a dual mechanism

polymer mixture envelope of the same or different composition; and a pharmaceutical dosage

form containing matrix pellets. The matrix pellet releases acid-soluble drugs by diffusion in acid

pH andby disintegration at pH levels of nominally about 5.0 or higher.

‘(Lhe GCRA peptideds described herein may be formulated in the pH triggered targeted

control release systems described in WQO04052339. The agents described herein may be

formulated according to the methodology described in any of WO03105812 (extruded

hyrdratable polymers); WO0243767 (enzyme cleavable membranetranslocators); WO03007913

and WO03086297 (mucoadhesive systems); WO02072075 (bilayer laminated formulation

comprising pH lowering agent and absorption enhancer); WO04064769 (amidated polypeptides);

W005063 156 (solid lipid suspension with pseudotropic and/or thixotropic properties upon

melting); WO03035029 and WO03035041 (erodible, gastric retentive dosage forms);

US5007790 and US5972389 (sustained release dosage forms); WO041 1271 1 (oral extended

release compositions); WO05027878, WO02072033, and WO02072034 (delayed release

compositions with natural or synthetic gum); WO05030182 (controlled release formulations with

an ascending rate of release); WO05048998 (microencapsulation system); US Patent 5,952,314

(biopolymer); US5,108,758 (glassy amylose matrix delivery); US 5,840,860 (modified starch

based delivery). JP 10324642 (delivery system comprising chitosan and gastric resistant material

such as wheatgliadin or zein); US5,866,619 and US6,368,629 (saccharide containing polymer);

US 6,531,152 (describes a drug delivery system containing a water soluble core (Ca pectinate or

other water-insoluble polymers) and outer coat which bursts (e.g. hydrophobic polymer-

Eudragrit)); US 6,234,464; US 6,403,130 (coating with polymer containing casein and high

methoxy pectin; WO0174 175 (Maillard reaction product); WOQ05063206 (solubility increasing

formulation); WO040 19872 (transferring fusion proteins).
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The GCRA peptides described herein may be formulated using gastrointestinal retention

system technology (GIRES; Merrion Pharmaccuticals). GIRES compriscs a controlled-relceasc

dosage form inside an inflatable pouch, which is placed in a drug capsule for oral administration.

Upondissolution of the capsule, a gas-generating system inflates the pouch in the stomach where

it is retained for 16-24 hours, all the time releasing agents described herein.

The GCRA peptides described herein can be formulated in an osmotic device including

the ones disclosed in US4,503,030, US5,609,590 and US5,358,502. US4,503,030 discloses an

osmotic device for dispensing a drug to certain pH regionsofthe gastrointestinal tract. More

particularly, the invention relates to an osmotic device comprising a wall formed of a semi-

permeable pH sensitive composition that surrounds a compartment containing a drug, with a

passageway through the wall connecting the exterior of the device with the compartment. ‘The

device delivers the drug at a controlled rate in the region of the gastrointestinal tract having a pH

of less than 3.5, and the device self- destructs and releases all its drug in the region of the

gastrointestinal tract having a pH greater than 3.5, thereby providing total availability for drug

absorption. U.S. Patent Nos. 5,609,590 and 5, 358,502 disclose an osmotic bursting device for

dispensing a beneficial agent to an aqueous environment. The device comprises a beneficial

agent and osmagent surroundedat least in part by a semi-permeable membrane. The beneficial

agent may also function as the osmagent. The semi-permeable membraneis permeable to water

and substantially impermeable to the beneficial agent and osmagent. A trigger meansis attached

to the semi-permeable membrane (e.g.,joins two capsule halves). The trigger meansis activated

by a pH of from 3 to 9 andtriggers the eventual, but sudden, delivery of the beneficial agent.

These devices enable the pH-triggered release of the beneficial agent core as a bolus by osmotic

bursting.

EXEMPLARY AGENTS KOR COMBINATION THERAPY

Analgesic Agents

The GCRA peptides described herein can be used in combination therapy with an

analgesic agent, ¢.g., an analgesic compoundor an analgesic polypeptide. These polypeptides

and compoundscan be administered with the GCRA peptides described herein (simultaneously

or sequentially). They can also be optionally covalently linked or attached to an agent described

herein to create therapeutic conjugates. Among the useful analgesic agents are: Ca channel

blockers, 5HT receptor antagonists (for example 5HT3, SHT4 and 5HTIreceptor antagonists),
34
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opioid receptor agonists (loperamide, fedotozine, and fentanyl), NK1 receptor antagonists, CCK

receptor agonists (e.g., loxighumidc), NKI receptor antagonists, NK3 receptor antagonists,

norepinephrine-serotonin reuptake inhibitors (NSRJ), vanilloid and cannabanoid receptor

agonists, and sialorphin. Analgesics agents in the various classes are described in the literature.

Amongthe useful analgesic polypeptides are sialorphin-related polypeptides, including

those comprising the amino acid sequence QHNPR (SEQ ID NO:), including: VQHNPR (SEQ

ID NO: ); VRQHNPR (SEQ ID NO: ); VRGQHNPR(SEQ ID NO: ); VRGPQHNPR (SEQ ID

NO: ); VRGPRQHNPR(SEQ ID NO: ); VRGPRRQHNPR(SEQ ID NO:); and RQHNPR (SEQ

ID NO:). Sialorphin-related polypeptides bind to neprilysin and inhibit neprilysin- mediated

breakdownof substance P and Met-enkephalin. Thus, compounds or polypeptides that are

inhibitors of neprilysin are useful analgesic agents which can be administered with the

polypeptides described herein in a co-therapy or linked to the polypeptides described herein,e.g.,

by a covalent bond. Sialophin and related polypeptides are described in U.S. Patent 6,589,750;

U.S. 20030078200 Al; and WO 02/051435 A2.

Opioid receptor antagonists and agonists can be administered with the GCRA peptides

described herein in co-therapy or linked to the agent described herein, e.g., by a covalent bond.

For example, opioid receptor antagonists such as naloxone, naltrexone, methyl nalozone,

nalmefene, cypridime, beta funaltrexamine, naloxonazine, naltrindole, and nor-binaltorphimine

are thought to be useful in the treatment of IBS. It can be useful to formulate opioid antagonists

of this type is a delayed and sustained release formulation such that initial release of the

antagonist is in the mid to distal small intestine and/or ascending colon. Such antagonists are

described in WO 01/32180 A2. Enkephalin pentapeptide (HOE825; Tyr-D-Lys-Gly-Phe-L-

homoserine) is an agonist of the mu anddelta opioid receptors and is thought to be useful for

increasing intestinal motility {Eur. J. Pharm. 219:445, 1992), and this polypeptide can be used in

conjunction with the polypeptides described herein. Also useful is trimebutine which is thought

to bind to mu/delta/kappa opioid receptors and activate release of motilin and modulate the

release of gastrin, vasoactive intestinal polypeptide, gastrin and glucagons. Kappa opioid

receptor agonists such as fedotozine, asimadoline, and ketocyclazocine, and compounds

described in WO03/097051 and WOQ05/007626 can be used with or linked to the polypeptides

described herein. In addition, mu opioid receptor agonists such as morphine, diphenyloxylate,

frakefamide (H-Tyr-D-Ala-Phe(F)-Phe-NH 2; WO 01/019849 Al) and loperamide can be used.
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Tyr-Arg (kyotorphin) is a dipeptide that acts by stimulating the release of met-

enkephalinsto clicit an analgesic cffect (J. Biol. Chem 262:8165, 1987). Kyotorphin can be used

with or linked to the GCRA peptides described herein.

Chromogranin-derived polypeptide (CgA 47-66; See, e.g., Ghia et al. 2004 Regulatory

polypeptides 119:199) can be used with or linked to the GCRA peptides described herein.

CCKreceptor agonists such as caerulein from amphibians and otherspecies are useful

analgesic agents that can be used with or linked to the GCRA peptides described herein.

Conotoxin polypeptides represent a large class of analgesic polypeptides that act at

voltage gated calcium channels, NMDAreceptors or nicotinic receptors. These polypeptides can

be used with or linked to the polypeptides described herein.

Peptide analogs of thymulin (FR Application 2830451) can have analgesic activity and can be

used with or linked to the polypeptides described herein.

CCK (CCKa or CCKb)receptor antagonists, including loxiglumide and dexloxiglumide

(the R- isomer of loxiglumide) (WO 88/05774) can have analgesic activity and can be used with

or linked to the polypeptides described herein.

Other useful analgesic agents include 5-HT4 agonists such as tegaserod (Zelnorm®),

mosapride, metoclopramide, zacopride, cisapride, renzapride, benzimidazolone derivatives such

as BIMU 1 and BIMU8,and lirexapride. Such agonists are described in: EP1321 142 Al, WO

03/053432A1, EP 505322 Al, EP 505322 BI, US 5,510,353, EP 507672 Al, EP 507672 BI, and

US 5,273,983.

Calcium channel blockers such as ziconotide and related compounds described in, for

example, EP625162B1, US 5,364,842, US 5,587,454, US 5,824,645, US 5,859,186, US

5,994,305, US 6087,091, US 6,136,786, WO 93/13128 Al, EP 1336409 Al, EP 835126 Al, EP

835126 BI, US 5,795,864, US 5,891,849, US 6,054,429, WO 97/01351 Al, can be used with or

linked to the polypeptides described herein.

Various antagonists of the NK-I, NK-2, and NK-3 receptors (for a review see Giardina et

al. 2003.Drugs 6:758) can be can be used with or linked to the polypeptides described herein.

NKIreceptor antagonists such as: aprepitant (Merck & Co Inc), vofopitant, ezlopitant

(Pfizer, Inc.), R-673 (Hoffmann-La Roche Ltd), SR-48968 (Sanofi Synthelabo), CP-122,721

(Pfizer, Inc.), GW679769 (Glaxo Smith Kline), TAK-637 (Takeda/Abbot), SR-14033, and

related compounds described in, for example, EP 873753 Al, US 20010006972 Al, US
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20030109417 Al, WO 01/52844 AI, can be used with or linked to the polypeptides described

herein.

NK-2 receptor antagonists such as nepadutant (Menarini Ricerche SpA), saredutant

(Sanofi- Synthelabo), GW597599 (Glaxo Smith Kline), SR-144190 (Sanofi-Synthelabo) and

UK-290795 (Pfizer Inc) can be used with or linked to the polypeptides described herein.

NK3 receptor antagonists such as osanetant (SR-142801; Sanofi-Synthelabo), SSR-

241586, talnetant and related compounds described in, for example, WO 02/094187 A2, EP

876347 Al, WO 97/21680 Al, US 6,277,862, WO 98/1 1090, WO 95/28418, WO 97/19927, and

Boden et al. (J Med Chem. 39:1664-75, 1996) can be used with or linked to the polypeptides

described herein.

Norepinephrine-serotonin reuptake inhibitors (NSRI) such as milnacipran and related

compounds described in WO 03/077897 AI can be used with or linked to the polypeptides

described herein.

Vanilloid receptor antagonists such as arvanil and related compouds described in WO

01/64212 Al can be used with or linked to the polypeptides described herein.

The analgesic polypeptides and compounds can be administered with the polypeptides

and agonists described herein (simultaneously or sequentially). The analgesic agents can also be

covalently linked to the polypeptides and agonists described herein to create therapeutic

conjugates. Where the analgesic is a polypeptide and is covalently linked to an agent described

herein the resulting polypeptide may also include at least one trypsin cleavage site. When

present within the polypeptide, the analgesic polypeptide may be preceded by(ifit is at the

carboxy terminus) or followed by (if it is at the amino terminus) a trypsin cleavagesite that

allows release of the analgesic polypeptide.

In addition to sialorphin-related polypeptides, analgesic polypeptides include: AspPhe,

endomorphin-1, endomorphin-2, nocistatin, dalargin, lupron, ziconotide, and substance P.

Agents to Treat Gastrointestinal Disorders

Examples of additional therapeutic agents to treat gastrointestinal and other disorders

inclode agents io treat constipation(e.¢., 4a chioride channel activator such as the bicvlic fatty

acid. Lubiprestene (formerly known as SPI-O211; Sucarmpo Pharmaceuticals, Inc.: Bethesda,

MD), a laxative (e.g. a baulk-forming laxative (e.z. nonstarch polysaccharides, Colonel Tablet

37

3411



3412

10

15

20

25

30

WO 2009/149278 PCT/US2009/046287

toolyearbophil calcium}, Plantage Ovata®, Equalactin® (CaleramPolyearbonhi}, fber fe.g.

PFIBERCON® (CalerumPolyearbophil), an osmotic laxative, a stimulant laxative (such as

diphenvimethanes (2.2. bisacodyh, anthraquinones (e.g. cascara, senna}, and surfactant laxatives

fe.g. castor oll, docusates)}, an emoallient/lobricating agent (such as mineral oll, giyeerine, and

docusates}, Miralax (Branuse Laboratories, Braintree MA}, dexloxighinide (Forest
Laboratories, also known as CR 2617 Rottapharm (Rotta Research Laboratorium SpA), saline

laxatives, enemas, suppositories, and CR 3766 (Rottapharm(Rotta Research Laboratorium SpA)

acid reducing agents such as proton pump inhibitors (e7.g., omeprazole @Prilosec®)}, esomeprazole

(Nextam®), lansoprazole (Prevacid@}, pantoprazole (Protons®) and raboprazole (Aciphex@)

avd Histamine 12 -receptor antagonist (also known as H2 receptor blockers incleding

cimetidine, ranitidine, famotidine and nizatidine): prokinetic agents including ttopruls,

octreotide, bethanechol, metoclopramide (Reglan®)}, domperidone (Motilhum®), ervthronrycin

fand derivatives thereof} or cisapride (propuisid®); Prokineticin polypeptides homologs, variants

and chimeras thereof including those described in US 7,652,674 which can be used with or

linked to the polypeptides described herein; pro-motility agents such as the vasostatin-derived

polypeptide, chromogranin A {4-16} ee, eg., Ghia ot al. 2004 Reeoulatory polypeptides 121:41)

or motilin aponists (e.g., GM-611 or mitemcinal fumarate} ar nocicoptin/Orphanin FOrecepter

modulators CUSZ00501 699 17): other poptides which can bind to and/or activate 4C-C inchiding

those deseribed in US20050287067, complete or partial SHTf2.g. SHV) SHYT2, AHTS, SHYT4)

receptor agonists or antagonists fincluding SHTIA antagonists (e.2. AG1-OOI (AGI

therapeutics), SHT2B antagonisis (e.g. PIGN LOGE and PGNI] 164 (Pharmagene Laboratories

Limited}, and SHT4 receptor agonists (such as tegaserad (ZELNORM®), prucalonride,

mosapride, metoclopramide, zacopride, cisapride, ronzapride, benzimidazolone derivatives such

as BAMft and BIMO&, andlirexapride}. Such agonists/mexiniators are described im:

EPi321142 AL WO 03/05343241, BP 505322 Al, EP 305322 Bl OS 5,510,353, EP 507672 Al,

EP 507672 Bi, US 5,273,923, and US 6,941 267) AHTS receptor agonists such as MELC-733,

and SHT3 receptor antagonists such as DDP-225 (MICT-225; Dynogen Pharmaceuticals, Ine.},

ollansctron (Calmactin®), alosctron (Lotronex®}, Ondansstron HC! (fofran®), Dolasstron

(ANZEMET®), palonasciron (Aloxi@), Granisetron (KytribR}, YMOQ6Utrameasetron; Astellas

Pharma Enc.; rarmmosetron may be given as a daily dose of G.002 to 0.02 mg as deseribed im

EPOLS&S8707) and ATI-7000 (Aryx Therapeutics, Santa Clara CA}: muscarinic receptor agonisis:
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anti-inflammatory agents; antispasmodics including bat not lamited to anticholinergic drugs (like

dicvelornmefeg. Columex®, Formulean®, Lominc®, Protylol®, Visceral®, Spasmoban®,

Bentyl®, Rentyicoi®), hyoseyarmine (e.¢. [B-Stat®, Nulev@, Levsin@), Levbid®), Levainex
 

   Timecaps®, Levein/SL®, Anaspaz®, A-Spas S/L@), Cystospax'®, Cystospaz-M®, Donnamar®

Colidraps Liquid Pediatric®, Gastrosed®, Hyco Fixir®, Hyosal®, Hyospaz®, Hyosyne®,
 

R
Losamine®), Medispaz®, Neosol@), Spacol®, Spasdek®), Symax®, Symax SL®), Donnatal (e.g.

Donratal Extentabs®), clidimtum(e.g. Quarzan, in combination with Librium = Librax},

methantheline (e.7. Banthine), Mepenzolate (er. Cantil}), homatropine (e.g. lryoodan, Homapin},

Propantheline bromide tee. Pro-Banthine), Glycopyrrolate (e.g. Robinul®, Robinul Forte@},

scopolamine (2c. Transderm-Scop®), Transderm-V®}, hvosine-N-butyibromde (e.g.

Buscopan®}, Pirenzepine tag. Gastrozepim®} Propantholine Hromide (e.g. Propanthel®)},

dicycloverine (e.g. Merbentyi®), elyvconvrronium bromide (¢.e. Glycopyrrolate®), lyoscine

hydrobromide, hyoscine methobromide, mothanthelinium, and octatropine); peppermint oil; and

direct smooth muscle relaxants like cimetropiim bromide, mebeverine (DLISPATAL®,

BDUSPATALIN®, COLOPAC ME®, COLOTAL®), ottlonium bromide foctiloninn},

pinevernim (eg. Diceteh® (pimaveriam bromide, Solvay $. 4.3), Spasfon® Chydrated

phioregiucinel and trimethyiphloroghacineljand trimebutme (ncludme trimebutine maleate

(Modulos@: antideprossants, molding but not liniited to those listed heroin, as well as tricyclic

antidepressants like amitriptyline (Elavil®}, desipramine (Norprarmin®), imipramine

(Votrank®), amoxapine (Asendin®}, nortriptyline; the selective serotonin reuptake mbhuibitors

(SSRTs} like paroxetine (Paxui®), fluoxetine (Prazac®}, sertraline (Aoloft®}, and citralopram

iCeolexa®}; and others like doxecpin (Sincquan®) and trazodone (Desyrel®)}; contrally-acting

analgesic agents such as opioid receptor agonists, opioid receptor antagonists (¢.2., naltrexone);

agents Tor the treatment of Inflammatory bowel disease; agents tor the treatment of Crohn's

disease and/or ulcerative coutis (v.g., alequel (Enzo Biochem, Inc.; Farmingsale, NY), the anti-

inflammatory pobypeptide RDPS& (Gerrvore, Ine.; Cambridge, MA), and TRAPICET-ENTM

(ChermoCentrys, Inc.: San Carlos, CA}; agents thal treat gastrointestinal or visceral pain; agents

that increase COMP levels (as described in US200401 21994) hike adrenergic receptor

antagonisis, dopamune receptor agonists and PDE (phosphodiesterasc} inbibriors including but

not limited to those disclosed herein: purgatives thet drawfluids to the intestine fee

VISICOL®, a combination of sodiumphosphate monobasic monohydrate and sodium phosphate
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dibasic anhydrate}; Corticotropin Releasing Factor {CRF} receptor antagonists Gncluding NBIE-

34041 (Ncuroerine Biosciences, San Diega, CA}, CRHO-41, astressin, RIZIGL9 Gansscn

Pharmaceutica}, CP 154,426, NGE27914, Antalarmin, DMPS96 (Gristol-Myers Squibb) CP-

SlG,31i (itzer, Inc.}, SB723620 (GSK), GWS 76008 (NeurocrineGlaxo Smith Kime), ONO-

2333Ms (Ono Pharmaceuticals), TS-041 (lanssen}, AAGS61 ONovartis) and those disclosed in

US 5,063,245, US 5,861,398, 1520040224964, 115200461 98726, US20040176400,

158206461 71607, USZ60401 LOR 1S, US20040006066, and LIS20050209253); ghicagon- like

polypeptides (glp-1) and analogues thereof (nchiding exendin-4 and (GGPTP-O10 (Gastrotech

Pharma Ajj and inhibitora of DPP-PV CDPP-PV mediates the inactivation of gip-E}; tofisopam,

enantiomerically-pure R-tofiseparm, and pharmaceutically-acceptable salts thereof CUS

2UO40229867) tricyclic anti-depressants of the dibenzothrazepine type incinding but not limited

to Dextofisopam® (Vela Pharmaceuticals}. tiancptine (Stablon®)} and other agents described in

US 6.683,072: (6-4 (1) 3bisfcvelohoxyimethyl-1 2,34-tetralrydro-2,6-diono-9tH-purin-&-

yiicinnamic acid nonacthylene glycol methyl other ester and related compounds described in WO

02/G67942; the probiotic PROBACTRIN®(The BioBalance Corporation; New York,NY}

which comtuins microorganisms usoful in the trostment of gastromtestinal disorders; antidiarrhoal

drugs including but not limited to loperamide (Imodinm, Pepto Diarrhea), diphenoxylate with

atropine (Lomotil, Lomocot}, cholestyramine (Qucstran, Chabyhar), atropine (Co-Phenotropec,

Puarsed, Diphenoxylatc, Lotfenc, Logen, Lenox, Vi-Atro, atropine sulfate injection} and

Mifaxan®) (rifaximun; Salix Pharmaceuticals Lid},P2P-20l{Tranzyme Pharma inc.}, the

neuronal acetylcholine receptor (nAChR) blocker AGI-004 CAG! therancutics), and bismuth

subsalicylate (Popte-bismich); anxiolytic drugs including but not limited toAtivan Gorazcpam},

alprazolana (Nanax®}, chiordiazcpoxule/clidininum(Librium®, Librax®), clonazepam
(KRionopin®), clorazepate (Tranxene®}, diazepam (Valium®), estazoiam (ProSom®),

flurazepam (Dalmane®)}, oxazepam (Serax®), prazopam (Centrax®)}, temazopam (Restor®},

triazolam (Halcian®; Bedelix® (Montmornblonite beidellitic; Ipsen Ltd), Solvay BLV332

fArChife Tne}, YRP (SK Pharma}, Astmadoline (Tioga Pharmaceuticals/Merck}, AGI-003 (AGI

Therapoutice) neurokinin antagonists inchiding thase described in USZ70060040950- potassium

channel modulators including those deseribed i US7,002,01 5) the serotonin modmiator

ALDTIST! (Astrageneoa Plc}: M3 musearinic receptor antagonists such as darifenacin (Enablex:

Novartis AG and zamifenacin (Pfizer), herbal and natural therapies ichiding but not lomitedte
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acidophilus, chamomile tea, evening primrose ai], fennel seeds,wormwood, comfrey, and

compounds of Bao-H-Wan GQnagnolol, honokiol, unperaterin, and isounperatorin} as in

£786923992; and compositions comprising lysine and an anti-stress agent for the treatment of

irritable bowel syndrome as deseribed in EPO 15504423,

Insulin and Insulin Modulating Agents

The GCRA peptides deseribed herein can be used in combination therapy with menlin

and related compounds including primate, rodent, or rabbit insulin including biologically active

variants thereof including allelic variants, more preferably burnan insulin available in

recombinant form. Sources of burmman insulin inchide pharmaceutically accepiable andsterile

fornralations such as those available from Eli Lilby tindianapalis, Ind. 46285) as Humulin’

(human insulin rDNA origin}. See, theTHE PHYSICIAN'S DESK REPERENCE, 55.supth Ed.

(2001) Medical Foonomics, Thomson Healthcare (disclosing other suitable human insulins}.

The GCRA poptides described herein can also be used in combination therapy with

agents that can boost insulin offects or levels of a subject upon administration, 2g. glipizide

and/or rosightazone. The polypeptides and agonistsdescribed herein can be used in
 combitherapy with SYMLENG(pramlintide acetate) and Exenatide®) (synthetic exondin-4: a 39

aa polypeptide).

Agents for the Treatment ofPostoperative Meus

The GCRA peptides described hercin can also be used in combination therapy with

agents (e.9., Entereg?™ (alvimopan: formerly cailed ade lor’ ADL &-26%8), conivaptan and

related agents describe in US 6,645,959) used for the treatment of postoperative ileus and other

disorders.

AyFypertensive Averis

The GCRA peptides deseribed herein can be used in combination therapy with an arte

hypertensive agent inchiding but not lumited to: C1} diuretics, such as thiazides, including

chlorthalidone, chiorthiazide, dichioraphenamide, hydroflumethiazide, indapamide, polythiazide,

and hydrochlorothiazide: loop drurctics, such as bumetanide, cthacryric acid, furosemide, and

forsemide; potassiumsparing agenis, such as amuloride, and triamterenc; carbonic anhydrase
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inhibitors, osmoties(such as glycerin) and aldosterone antagonists, such as spironolactone,

epurcnone, and the like: (2) beta-adrenergic blockers such as aechutolol, atenolol, betaxolol,

bevantolol bisoproial, bopindolol, carteolol, carvediiol, celiprofol eamolol, indenslof,

metaprolol, nadolol, nebivolol, penbutolol, pindelal, propanciol, sotalol, tertatolol, ilisolol, and

timolol and the ke: (3) calchim channel blockers such as amlodipine, aranidipine, arclnidipine,

barnidipine, benidipine, bepridil, cimaldipine, clevidipine, ddtiazem, efonidipine, felodinine,

galiopanul, isradipine, lacidipine, lernildipine, lercanidipine, nicardipine, nifedipine, mivadinme,

nimodepine, nisoldipine, nitrendipine, manidipme, pranidipine, and verapamil, and the hke; (4)

angiotensin converting esmyme (ACE) inhibitors such as benazepril; captopril, ceranapril;

cHazapril: delaprif; enalapril: enaloprif; fosmopril; unidapril; lisinopril losmeopril: moexiprils

quinaprif: quinaprilet: ramipril: perindopril porindropril; quaniprify spiraprik tenecapril;

trandolapril, and zofenopril, and the like; (5) neutral endopeptidase inhibitors such as

omapatrilat, cadoxatrif and ccadotril, fosidotril, sampatriflat,AVE7688, BR4030, and the like: (6)

endothelin antagonists such as tezosentan, AS08165, and YM62899. and the ke: (73

vasodilators such as hydralazine, clonidine, minoxidil, and nicotinvl alcohol, and the like; (&)}

angiotensin Hf receptor antagonists such as aprosartan, candesartan, cprosartan, irbesartan,

losartan, olmesartan, pratosartan, tasosartan, telmisartan, valsartan, and EXP-3137, FIG&2 KK,

and RINHG27G, and the like; (93 o/f adrenergic blockers such as nipradilol arotinolal and

amosulalol, and the ike: (103 alpha | blockers, such as terazosin, urapidil, prazosin, tamsulosin,

bunazosin, trimazosin, doxazosin, naftopidil, indoramin, WHE 164. and ABINOIO, andthe like;

fllj}ainhs 2 agonists such as Intexidine, tiamenidine, moxonidime, riimenidine and guancbenz,

and the like; (12) aldosterone inhibitors, and the like; and (13) angiopoictin-2 -binding agents

such as those disclosed in ¥W/O03/030833. Specific anti-hypertonsive agents that can be used in

combination with polypeptides and agonists described herein include, but are not limitedto:

diurctics, such as thiazides (e.9., chiorthalidone, cyclothiazide_RIN 2239-56-33,
chlorothiavide (CAS RN 72956-09-3, which may be prepared as disclased in US2800 104),

dichlorephenamide, hydraflumethiazide, mdaparaule, nolythiazide, bendroflumethazide,

methyclothazide, polythiazide, trichlormethazide, chlorthalidanc, indapamide, metelazone,

quincthavone, althiazide (CAS RN SS88-16-9, which may be prepared as disclosed m British

Patent No, 002,658), benzthiazide (CAS RN 91-33-%, which may bo prepared as disclosed in

US3108097), buthiazide Qvhich may be prepared as disclosed in British Patent Nos. 861 367%,
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and hydrochlorothiazide), loop dnuiretics (c.g. bumetanide, ethacrynic acid, furosemide, and

torasomidc}, potassnim sparing agents (e.g. amiloride, and iriamicrone (CAS Nomber 396-01-

O33), and aldosterone antagonists (e.g. spironolactone (CAS Number 52-01-7), epirenone, and the

hke}; B-adrenergic blockers suck as Amiodarone (Cordarone, Pacerone}, bunolol hydrochionde

(CAS RN 31969-05-8, Parke-Davish, acebutolol G:N-[3-Acetyl-4-[2-hydroxy-3-[G

methylethyamine[propoxyphenyl-botananude, or G:)~3'-Acetyl-4-]2-hydroxy-3-

tisopropylamino} propoxy] butyrantlide), acebutolol hydrochloride (e.g. Sectral@, Wyeth-

Avyerst}, alprenalol bydrochionide (CAS RN 13707-8&8-5 see Netherlands Patent Application No.

6,605,6923, atenolol @.2 Tenormin®, AstraZeneca), carteolol hydrochloride fo.Cartrol®

Fimteb@, Abbott), Celiprofol hydrochloride (CAS RN S7470-78-7, also see i US40540093,

ectamolo! hydrochloride (OAS RN 77590-05-5, see also US4)59622)}, labetalol bydrochioride

fe.g. Normodyne®, Schering). esmolol hydrochloride (¢.2 Brevibloc®, Baxter}, iovobciaxolol

hvdrochloride (2. Betaxon’™ Ophthalmic Suspension, Aloon}, levobunolol hydrochloride {e.2.

Botagan® Liquifiim® with C CAP@ Compliance Can, Allergan}, nadolol f2.2. Nadolol, Mylan},

practolol (CAS RN 6673-35-4, see also USS408387), propranolol hydrochloride (CAS RN318-

98-9), sotalol hydrochloride te.g. Betapace APTMBorlex), timolol (2-PropanoL{ab

dimethylethyaminoi-3-[[4-4(4-morpholinyl}-1,2 5-thiadiazol-3-yljoxy]-, hemihydrate, A},

CAS RN G1524-16-2)}, timolol malcate (S}1P-[(1,1 -dimethylethy]} amino}-3-{/4- (4-

rorpholinyl}-1,2,5-thiadiazel -3- yif oxy]-2-propanol (2}-2-butencdioate (1 :1} salt, CAS RN

26921-17-5}, bisoproiol (2-Propanol, i-[4-[[2-(l-mothylothoxyjcthoxyi-moethy|[phenoxyi}-3-id-

 rneth- ylethyDanunol-, t}, CAS RN 66722-44-9), bisoprelel fumarate (such as ()-1-[4-fP2-41

Methylethoxy} cthoxyImethyllphenoxy{-3-[G-methylethyamino|-2-propanol (2) -2-

butenedicate (2:13 (salt), og., Acbeta!™ , Lederle Consurnor), nebivalol (QH-1-Benzopyran-2-

methanol, ac'-[iminobis(methylenc)|bisiG-thiuore-3 4-dibydro-, CAS RN 99200-09-6 see alse

CLS. Pat No. 4,654,362), cicloprolol hydrochloride, such 2-Propanol, i-[4-[2-

teyvelopropylmethoxyjethoxy[phencary|-3-[EmethylethyDaminol-, bydrochloride, AAS. RN

53686-79-3), dexpreprancict hydrachioride (2-PropanalJ-[]-methylethy}-amina}-3-1-

naphthalenyloxy)}-hydrochlonde (CAS RN 13071-11-9), diacetolol hydrochloride (Acetamide,

N-P3-acetyi-4-[2-hydroxy-3-[i-methy-ethyjamineipropoxy| [phenyl|-, monobydrochioride

CAS BN 69796-0439}, dilevalol hyvdrechioride (Bonzamide, 2-hydroxy-3-fl-hydroxy-2-[I-

rethyl-3-phenylpropyhamimolethyl}-, monobydrochloride, CAS RN 72659-08-4), cxapralo!
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