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1

determined g5 the a.cﬁvit}»' of a posttive ST control, Cys-Cya-Gla-Lew-Cys-{

and get iy 1009,

Hueney in 24-well culture phw with g 111 mixtwre of Han
Dolbecon’s mudified Hagle's medhum (DMEM), supplomented with $% fetal cuif seram and

were gsed

at botween passages 34 and 60, Chloride ion secretion is measure

vehiele only or test artiele similar the methods deseribed in Dharmasthaphors o 2l (19881 1 Ol
Inviest 75402-471 and Barrett and Bighy {1993} Am § Pliysio! 204:0446-32, Briotly, an Ussing
chamber s modified o allow maintenance of the integrity of the cell monolayvers during the

study. The modified chaniber is designed to mainimixe turbulence oreated by the air B svstem

and to aveid sdge damage o the monolayers, 10° T84 colls are plated on 4 pormeable support
(1.98 am” surface area) and roaintained for 5-6 day belfore use. The supports are susponded sver
the bottom of g Hol-mm culture dish 1o permit “bottowm feedin g"’ by laying them on top of g laver
ot glass beads ay deseribed i Barret and Bigby supra. After cell growth, the entive ving

3

s solution (pH T4, at 37°C) that contained n millimolar):

PIOE; HOO,, 25; HhPO,, 2.4 HPO,, 0.4 and glucose, 10, Potential
difference (PO scross the cell monolayer {s measured by calomel electrodes in 3 3 EQ and

monitored with a potentiometer. Throughout the experiment, except for 3210 seconds every 3

i

win whils the PTY is being recorded, spontancouns tissue PIY is short cirouited and nallified by ax

mpomatic voltage olamp {WPL New Haven, CT) with Ag AUl slectrodes. Tissue conductange

{3} s calonlated from the P and the imposed corrent sccording to Ol s law., The magsinde

of changes in the sheat civeuit current {Ise) is used as an index of ehilord

BExanple & Elfegt on fhuid seorstion and sodivemn excration In Hested Inons rodent

48
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ercin on Hwid and sodium secretion can be assessed by injocting

<

o ur more agents described hereind directly o an tsolated loop.
ically Hgating a loop in the small intestine of & mouse. The methodology for
deseribed in London eb all 1997 Am § Physiol p.G83-185. The loop is

The loopsy we injected with a tost agent or
e

vehicle, Following 8 recovery time of 90 mrinutes the loops are excived.

al of the fluid contained therain,

¥ TORIGY

of fost apent ae compared 1o vehicle, T

thaid from the nops is collscted mnd profiled for eloctrulvie levels.

performod using ras

\\\\\ Tampie 3 Antioal Models of Hypertension

Variows snimal models of hyperiension vcan be osed to soroen the agoents deseribed horeln S
anti-hyvperionsive activity, In goncrsl, hyvportension can be indoced invats tn al Jeast four ways,

inchuding penetivaliy-induced, environmentally-induced, pharmacologiealiv-induced, and renal-

din Pinto ot al, {1998

sduoed

of rodent hyvpertension models are describe

B 39:77-88), Badyal ot al, (2003 Indian Jowrnal of Phasmacs

A variety

ular Ressarch

he reterences oited therein. One of the most wide Ey used rodent

LY CTERPTESS

¢ muodel and (4) the Dahl salt sensitive rat. Tha

fver

acetatei-sal

-

& Hypertension 710

wretn, can be administered to Dabl salt sensitive rats {Rapp and Dong 198

et
¥

Blood pressure, urine volume aad urinary sodium excretion and teff

ventricular wall thidioness {for example as desoribed in examples 4 and § horein).

ds of Labiprostone and 8§71 peptide vn Yrineoy Sodiym

1 subiecty were fomule Sprague-Dawloy rats which weighed between 200230 ¢

o

at ihe time of experimentation. Following arrival at the animal fueils

3

botiom cages i groupy of three, where they had unlimsted access to fowd and water.

54
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¥

Pernperature was maintained ot 21+ 2°C, and Hghts were onna 12012 hrovele

HO0AM

with Hohts onat

Following at least 3 days of acclimation 1o the facility prior to experimentatio

(PG} withy etther vehicle {phosphate bufTered saling) or test article, and tran

X

mdividual metabolism cages where they had access 1o food and water. The v

excreted wias recorded from 0-3 hours, and 4-8 hours post dose, In addition, 0.5-1.0mL urine

‘w

samples were faken at each of the above time points and frozen for later analbysis, Uring

3

23 for sodinm concentration using INE crosvn-ether mentbrane methodology on an

AUSAGH chemistry Immuno analyzer {Olympus America Inel,

Figures 1, 2, and 3 dumonstrate the effects of Lubiprosione and 8T peptids (8

CCBLOONPACTOOY) on wine sodivm and urine volume in this assay

¥

Example 7. 1

L agent of lefl vertricular wall thickuess in sali-sensitive and sali-

Rglt-sensitive and salt-resistant, 4-3 weelc-old male Dahl rats {Brookhaven National
S

Uptom, Mow York, UIBA} are fed with Purina rat chow with 0.4% NaCl for the first 3-4 weoks.

Thereatter sali-sensitive and selt-reststant rats are randomived into two populations receiving

§ ot g low-salt {8.4% NaCl) diet for a forther 3 weeks, Following

this, each population is sopurated Into two groups, one recelving tost agent in tap waser and the
other vehiele only, Test agent 13 given in incromental doses until systotic blood pressure ftail-

cudf msasurement) s < 140 oty

At the end of the study rals are anaesthetized with intraperitoneal sodivm pentoburbital (43

mgfkgl, and systolic and diastolic blood pressures are measuared divectly thr

o the right femoral artery, using a Beckiman R611 recorder. Blood {3218 mi} for determination

gvity (New England Nuclear Corporati

3

aldostorone concentration {Diagnastic Products Cmpomti@m fLos Angeles, TISAG is obtained by

N

decapiiation. Mearts are removad and placed in s Potrd dish, and blood and blowd

...‘

fushed out with onld saline. Superficial water is removed by blotting, The whole heat §s

S

weighed, thereafter the atris and the right ventricular free wall are dissocted from the

fec)
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interventrivular seplum. The remsining Dterventricular septum and te lefl veniricle represented
left ventrionlay weight, and the ol ventricular weight: body weight matio is aken as a messure
for lett ventricular mass or Jeft ventricular hypertrophy,
Mgthods of Treatmsat

S A msmber of disorders associated with Suid or salt retentio s b prevented or treated with

5 A RNBCRIL t & rention may be prevertod o reated with
agente that reduce sodinm absorption i the intestine andfor Incresse anion secretion {o.g., Inthe
nstesting) 1 sgents include: guanylate cyelase recepior € agonists, soluble guanylate

vyclase modulators, prosianeids including prostaglandin B and denivatives thereot, chloride
channel activators {e.g. Amitza® (Jubiprostone)), SHTY agonists, ovalic nucleotides, laxatives,
G CFTE {oystic Sibrosis transmembrane conductance regulatort modulators, agents whic

2ARIR fevelg, sod

2 1.:.
m

11 tramsport inhibitors {ep. sodium channel inhibitors snch as s

%

ahnsphodiosterase inhibitors, renin inhibitors and aldosterone antagonists, potassium, polymer

‘»”‘

o
3.

veaing, and combinations thereof desenbed herein. The agents that reduce sodivm absorplng in
the intestine anddor norcase anton scoretion can be used alone or i conthinating with one or

o~

more agents wselnl in the treatment of congestive heart fallure, andiéor one or morve Tipid oweriag

(21

agent andfoy one oY sore snt-hyperiensive agents.

Avenis usoind in the trogtroent of coneesiive heart atlure

H

The agents deseribed herein omn be administered together with one or more agents usetuld in the

P

20 treatment sf congestive hoart failure inclading, for example, nesiritide, dobotamine (bety

N

cooptor giagonia), milrinone {phosphodiesterase inhibitor), Levostmendan (Simdax®},

. o 8 rp b lad ST
adenosine, mn adenosine analog {e.g N7 -[(1,2-dhydro-t-acenaphthylenvimethylladonosineg,
dipyridamale ot fodotulerciding, an agent which increases the cellular avaiability of sdenosine,

an adenosine & receptor agonist, an adencsine transport indubitor, or an adenvsine deaminase

Lipid Lowering Agenis

Lipad Towering agents or diliptdemia agents are those agents that act divectly ov indivestly o
rediuce sevom cholestercl, Such apents include, but are not Hmited fo, bile soid sogquestrants such
30 as chedestyraniine (3 sthrene-divinvibenzene copolvmer contalning guatomary apnnoiym

3134



o
o

ek

crorh

(=2

[

(41

LEY
o
Yrat

WO 2008/137318 PCT/US2008/061205

o

cativnic grinips capable of binding bile acids, such as QUESTRAN® or QUESTRAN LIGHT®

cholestyramine which are available from Bristol-Myers Squibb), colesevelam B ydrochloride
{such as WELOHOLE Tablets (polyaliviamine hydrochloride} cross-linked with epichiorshyvdrin
and alkylated with 1-bromodecane and {6-bromohex i -trimethyviaremonium bromide} which sre

avaiiable from Sankyve), colestipol {a vopolyvimer of disthylenctriamine and 1-ohlore-2.3-

ma
;wf

epaxypropas, such as COLESTIO® tblets which are available from Pharmacia),

s

dialkvlaminoalkyl derbvatives of a cross-linked dextran, LOCHOLEST

{(SECHOLEX®, PIHAICEX

PEAR-Sephadex

gm«

LE®), water soluble derivatives such as 3, 3-iosne, No

{eyvloalkyliaikvlamines and polighsam, msoluble quaternized polvsivrenes, supotsing angd

¥

migtures thereof and those bile aeid sequestrants disclosed in WOST/11348, W

LISI0R2EDE, and USSTHIIBE. Suitable inorganic cholesterol sequestrants fuclude Msmuth

viate plus montmoriiionite clay, aluminum hydroxide and calciom carbongte aotacids,

HMO-CoA redootase inhibitors ave dyslipidentic agents that can be used in sherapeutio

conmvination with GC-C receptor agonist. s with compounds deseribed herein, Suitable HMO-

CoA reductase inbibitors for use in therapentic combination with 8 compouns 2in

netude: atorvastatin (LIPITOR®; disclosed i US4681803, LIS5383920 and P LSRG 104),

s oy g

atervastatin calemm {disclosed in USS2739935), dibydrocompactin, (disclosed in 1IS44501 714

5

bervastatin {disclosed in USSOR28509), carvastatin, cerivastatin (BAYCOL®: disglosed in

535*3239{?, and LISSIT7080), erilvastatin, dalvast

Huvasiai COLE; disclosed in USAT3I0073 and USS34

{disciosad in BPAGIUIAATY, velostatin {visinoling disclosed in 1
lovastatin fmevinoling MEVACOR® (Merck and Co.) and reluted compeounds disclosed in
UBRAZII938), mevastatin (and reluted componnd disclosed in US3983 1400, compantin {and
related comprrunds disclosed in US4804770), pitavastatin { also knows as NK-104, ftuvasts HEH
nisvastuiin, nishastatin disclosed in USS102888), pravastatin (PRAVACHOL® (Bristol fyvers

£

Squihb% and refated sompounds disclosed in US4346227), rivastatin (s

witmn T-{4-Huorophen

wibooymethylpyridin-3-yl 33,3 -dihydroxy-6-heptanoate), rosu

£y

wown ax ZD-4522 disclosed in US3200440), atavestatin,

simvastatin {M{)» HOR® (Merck and Co.j and related compounds as disclosed |

US40 7Y, sismivastating CLOST, compounds disclosed in W03

tx
Lad
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S4444784, US4637378, UIS46862

EPQRITQLS, avud BEP491226, and aptzmi or geometric isomery therenf) and nontoxic

3

pharmaceutically acceptable salts, N-oxides, esters, quaternary asmmonium §

thareol In HMG-CoA reductase inhibitors where an open-acid form can exist, salt and eater
forms may preferably be formed from the open-acid, and a8l such forms are neluded within the
memning of the term "HMG-CoA reductase inhibitor™ as used hereln, Pharrnagentically
seceptabie saits with respuet to the HMO-CoA reduciass inhibitor inclodes non-toxio salts of the

compoumls which are generally prepared by reacting the froe acid with a suitable GTREINI OF

morgase bage, particularly those formed from cations such as sodium, potassity

calcham, Lthiom, magnestum, zine and tetramethyviammoninn, as well a3 those

antpes such as ammonia, ethylenediamine, Naoethylglocamine, iysine, o

e, ornihing,

ibenzyicthylenediaming, chloreprocaine, dicthanolamine, procatne, N~

v

thylamine, D-p-chitrobenzyl-Z-pyrrelidine Pyl-methyibenaim- idazele,

diethylaming, piperasine, and tristhydroxymethyl) aminomethane, Further examples of salf
forms of HMOG-UEA reductase inhibitors may include, but are not Bmited to, avetate,
bergenssuifonaty, bonzoute, bombonate, bisulfate, bitartrate, borate, brondde, calcium sdetate,
vamsylate, carbonate, ehloride, clavulanate, cilrate, dibivdrochloride, sdetate, eshisvlate, sstolate,
suyviate, fumarate, gluceptate, glneonate, glutemate, glyeollviarsanilate, hexviresorcinats,
bydrabamine, hydeobronside, hydrochloride, bydroxynapthoate, fodide, isothionate, kstate,

lactobionate, laurnte, malate, maleate, mandelate, mesviate, me ethyisulfaie, mucate, napayiate,

uitrate, oiente, oxalaty, pamaots, palmitate, panthothenate, phosphe

polygatactwronate, salicylate, stearate, subacetate, succinate, tannat

&Sy

Mher dyshipidenic agents which can be used i therapeutic combination with a GO-C receplor

re)

HMG-CoA wu frihibitors such as L-659,699% ((BF)-11-{3'R-thydroxy-meth v -4-0x0-2'R-

oradienoic acidy and those disclosed in US3120729,

4
Fau
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cholesterol sbsorption inhibitors such as plant sterols, plant Manols andior faity acid estesrs of

plart stanols such as sitostano! estor wsed in BENECOL® margarine, stanol esters, bata-
stiosternl, and siero! glyeosides such as tguoeside, Other cholesterel ¢

14D

w’

. S TR
"}SQK?HQYE mhibitors mchude

idin-Z-ones; S-blarylvi--phenslazetidin-2-opes; S{hydroxyphenyfuetidin-d-

ﬁu'hy(*"»;s\ alkvi-2-pzetidinones; 4-biphenyi-i-phenyiazetidin-Z-ones &

Lgnes: and 4-biphenylviazetidinones,

soy comzyae A wcholestern! acyl transtorase {ACAT) inhibitors such a8 avasimibe {Durrent

Opirdon i fnvestigational Drags, 3(91291-297 (20031, effucimibe, HL-004, focianbe, DuP-128

i3
&

¥ ‘x"i’?{}ﬁ, SRP 797, CL-T77.082 (Clin Pharmacol Ther, 48(2):189-54 (19901 and the hkel and

s
7o,
o
P
joscas
i
[
s
b
~
e
t
‘».2'6
@
[
3
it
4]

in USSS10379, WO6/26948 and WO/ TO8Y,;

CETP inhibitors such ag FUT 708 identificd as in Natwre 7 €20900), troeirapib

{UP-529.414 deseritved in USZ00301 86952 and WOOHGT7164), CF S32.632, BAYH3-2148, 80
01, 80 798, and the like ir;s;‘:im}ing those described in Current Opindon in lnvestigational Urugs.
vﬁiiv }

Chem, Leti, 619511954 (1996) and patent publications USSIE2S4R, USH147

3, WOSH/ 4204, WORGA41237, WORRP475S, WOR6A 51
IS197, EPRIR4AS, DEIOTO4244, DRIOT4I08], DRIOTAI38,

25, DEISG2T430, DEIOB3215S, DEW

20033 and those disclosed tn J. Antibint, 49{81 {15318 (1996}, and Bivorg, Med.

LR

30 squalene syathetase inhibitors such ay squalestatin-1, TARAATS, and thuse disclosed in

24, URST12386 (cephosphono-sulfinates), Biller et al {1988

Chiom, 311889 {e.g. Isoprenocid (phosphinvl-methyliphosphonates), Biller et o (1980} Curvent

Chanmacentios] Desiern, 201, P Ortie de Montellane et g (197731 Med, Chem, 200242

Esiatde *

{terpenotsd pyrophosphates), Corey and Volante (1976} 5. Am. Chem, SBog, 9811

25 diphosphate analog A and presqualens pyrophosphate (PSQ-PP) analogs), Me(h

Jsﬁ‘smx':phomi‘kmes{s:»‘.a Capson, T. L., Phid digsertation, 1

Drept. Med. Chen U of Utah, Abstract, Table of Contents, pp 18, 17, 4043, 43-81, Bun

A
LA
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Op. Ther, Patents {1993) 861, and patent publications BEPOSSTO26AI,

PUGISITTAL EPGOTIT40AL EPOTOSGOTAZ, EPOTOIT23AL, and WOO6/08

antioxidants such as probucol {and related compounds disclosed in US3674838), probusod
derivalives such as AGL-1087 (and other derivatives diselosed in USHI1213 19 and USRS 1472501,
3 tocopherol, gsoorhic acld, S-carotens, selentum and vitarmins such as vitamin B8 or vitamin BI12

and pharmacentically acceptable salts and esters thereob

PPARe agonists such as those disclosed in US6028109 (Buorophenyl compoands), WOMYISINR

substituted phenyvipropionic compounds), WORR/43081 and fibric acid derivatives (hrates)

such ax heclofibrate, bS!'-‘}li-i‘?sﬁh'{’:iIE? hezafibrate (CLAS, Registry No, 418584

ol
5

Repistry No. 69047-30-§, sce BRESS4T2I), ciprofibrate {TA S,
co UIS3D48073 ), chinofibrate {C AR Ragistry No, 30209082, see

v asothyl 2-(p-chioropbenoxy)-Z-methyl-proplonase, e.p. Atromid-

< e

), cinfibrate, fonofibrate (such as Fricor® micrmnized feaofibrare {3

obenzoyi iphenoxyl-2 -—methyi«pmpanoIu‘:- acid, 1 ~l‘§.‘£8ﬁ‘1}"§f:l}}}v’}. ester; Abbott

w

1§ Laboratories} or Lipanthyl® migronized fenotibrate (Labortoire Founier, Frang bewe,
gonditroeit {such av 52, 5-dimethylphenoxyy-2.2-dimethvipentanasic acid, e.g. Lopld® abiets

o

7. BM 1 4, LY S18674 and those Bbrate and fibrate aaid
derivatives disclosed in WOUS033456, WOO3/A3 3481, WODRAGE3997, WOHR/O481 16,

4, WORFODEGS, and WOLRQRETE,

{Parke Daviay, Hitbrel, W 784

20 FXR receptor modulators soch as GW 4004, SR 103812, and the Bk
LXR receptor modedators such as GW 39635, TOOIZ137, and XTCQI79628, and those disclosed

USI0O30I2I357, WOLI 45382, WIOR/DS3332, WOO3/039874, and the ke

HAT4 and HMT74A g‘mzmm HM74A iy Genbunk Accession No., AY 148884 and mmt HMTLA iy

EMM patAROSRG24Y receptor agonists such gs nicotinge acid {niacin} and dertvatives theveof

25 {ep compounds comprising # pyeidine-3-carboxylate stroctire or 2 pyrasine-2-carboxylhae

&

structure, including scid forms, salis, esters, zwitterions snd tsutomers, where ’i\féiii»‘ii;?iii;?}

",:i‘;

meioding but not linvted to these disclosed 1n Wise et al (2003} 3. Biol. Chemu 378 25868 {eg 5

5
fagt
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vipyrageie-3-carboxylio acid and acifran {4,5-dihydro-S-methyl-$-oxo-S-phenyd-2-furan

carbexyiic acid pyradine-3-acetic acid)), as well as S-meth vimcolinio avid, nicotineric seid,

e

niceritrol, nicotiranose, acipimox {S~methylpyrazine-2-carboxylic scid d-oxide), Niaspan®

-

{ruacin exiended-release ablets; Kos) and those which can be gasily ide

ch bind to and agonize the HM74A or HM74 receptor {for
digclosed in Wise of ol (2003) 3. Biol, Chem 278:9869 (nicotine bingding and |
tal {2003) Biochem. Biophys. Res, Comm. 3033848 &
assay using the HM74 receptor which could be adapted to the HM744A receptor), Tunar e al

{2003 Natore Medicine 91352 {calctum mobilization assay using the HM74 receptor which

,,,
%
v

coulid be adapted to the HMTAA receptor) and USS420182 {PLIPR assays are deseri

3

peperaily in and may be sdapted © the HM74A or HM74 receptor);

renin angiutensin system inhibitors:
bie acid reabsorpticn inhibitors {hile acid reuptoke inhibitors), such as BARY 1453, 80435,

PHASEAOHE, 3RO, AZDTHG, and the Iikes

PPARS agonids (nvloding partiad agonistsy such as GW S8I516, and GW 590735, and those
phenols), WOGRG24395, WIDT28 148 WOOT0167,

WO 14291, WO2M461 84, WOO02/461 76, WOUAATORST, WOOR/016281, WOU/A33493,
WOOZ02TS (guinoline 3'}11&&}:'} compounds), WOOS/IS845 (arvl pampounds), WOHE316]

{1 4-disubstituted pheuyvl compounds), WOOL/G0579 (aryl conpounds), WOOL/I26812 &

L

WOO 12187 (benuoic actd componnsds), and WOR7/31907 {substituied 4-hvdroxy-

vhenylaleonic acid vompound )
starol dogyvithesis intabitors such as DMP-565;

riglyeenide synthesis indibliorg

suvrosoaal righyeeride travsport {MTTP) inhibitors, such as mplitepide, LABSRT, and

CP346086, ABGR 733, wnplitapide and the like;
37
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HMG-UoA roduciaze gene expression inhibitors {e.g. compounds that desrease HMG-Cna

p¥ v

reductase sxpression by affecting (e.g. blocking) transcription or translation of FMG-CoA
reductase into protein or compounds that may be biotransformed into compounds that have the
aforementioned sttributes by one or more enzymes in the cholosters! binsynthetic cascads iy
may lead to the s wiation of an isoprene metabolite that has the aforementisned activition

{Buch regulstion s readily determined by those skilled in the art according fo standard assays

{Methods of Unzymology, 118919 1983))) such as those diselosed in L

L

;,\

thvesy and E. L Mereer (1993) Prog. Lip. R

FHMG-CoA reductasel;

tars such as NB-598 ({E}-N-athyl-N-{6.6~dimethyl-2-hepten-d-v- nyl

wethoxy fbenzene-methanamine hydrochlovide)

rapsi

low density Hpoprotein (LDL) receptor indocers such as HOE-402 {an imidasolidinyi-pyrinmidine

dgerivative that divectly stimulates LDU veceptor setivity, see Huettinger e &l {1993 Arterioscler.

N o

Thronibh, 131008,

platelet aggrogation inhibilory;

S<LOor FLAPR inhibitor:

PPAR modalstors (nclading compounds that may have maoltiple functionality for sctivating
varions combinagtions of PPAR« PPARY, and PPARS) such as those disclose
GOWOR 12491, WOBZTEIRS, WO 2341 3 WL
WOMZ344S, WOO00/23451, WO 23633, WOMNYZ36332,

30T, WOMYSISEE, WODNE31S53, WOOSEI 150, WON0/E3196,

TEILZ, WOOOTE313, WOOL/04351, WO/ 1434
WORTABI20, WOOT/ 7004, WOOT2HIBE, WOO/2I878, WOUIA2STEL, WOnasy
WOOLRZIZIG, WODIAEM0I0, WOBLT1I50, WOU2/0R1428, WK
WOORTHIST, WODRNI6Z6S, WOOR(33453, WOOI/ 042104, WOOI43097, WOUTUESSEL.
WORTZS04E, WOOGOTIST, WL 11255, WO/ 12534, WOBG 1)

bt
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V2331 or (2-(d-{diffuorophenyi-t heptviureidojethyi]phenosya-

miacin-bound chrondum, as diaclosed in WOUI039535¢

substituted actd dertvatives disclosed tn WOD3/0401 14;

imhibitors such s those disclosed in WOOZ/G00347, W00

WOOR/OES2 T, WOO3/047573;

it

apolipoprotein

+3

Factor Xa modolators such as those disclosed in WODTO47S1T, WOLRDETS

QY4808

¥

vs

ieal bile actd cansport (MIBAT"Y inhibitors {or apieal sodium ce-dependent bie acid fransport

i
§

{"ASETT) inhibitors) such as benrothiepines (ncluding 1.2-benzothy

benzothiazepines; 1, 5-berrothiazepines; 1,2, S-benzothiadinzepines);

v
A
e
3
f2)
oo
-,
134
o
=
,»
.,
7
f4]
i
[
it

ch as discloged in WORLAA0603 (thiasole and cxazale de

SIR32.4), WOOT/IRI4S (fluore, chlors and thio phenoxy phenyl

URA093363 (non-T-oxidizable fatty achd analogues), and WOSS/481 5.

Anti-hypertensive agenty

The ageots desoribed herein can be nsed in therapentic combination with one ar more anti-

hyportensive agents, including butl not Bmited to:

divretics, such as thinzides {e.g., chiovthalidone, cyclothinzide {CAS RN 2259-96-3),

RN T2956-00-3, which may be prepared a8 disglosed in UIS2R051484Y,

Pf;t
,.,.c
w,u
b
.
g
M\
e
o,
™
5,
=
7
b
pf
pa

by

dichlorophenamide, hydroflumethisside, indapamide, polvihiazide, bendrofiumethaside,

miethvelothazide, polvth wzide, chilorthalidone, indapamide, netolazone,

v

a§n\n‘eﬁtsamn», sithiazide {TAR RN S38R-16-9, which may be prepared as disclosed in Hrilish

3, penzthigslde {CAS RN 91-33-8, winch may be prepaved as disclosed in
USZLOBOVT), buthiaaide {which may be propared as disclosed in British Patont Nos. 861,

Loy
W
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and hydrmciiorethiazidey, loop dinretics (e.g., bumetanide, ethacrynic acid, frosemide, and
torasentde}, potussim sparing agents {e.g.. amiloride, and trismterone (CAS Number 198-01-
@1 and aldosterone antagonists {o.g., spironolactone {CAS Number 53-01-7 and uctive

metsbolites thereol ingluding canrenone), epirencne, and the likel

S-adrenergic blockers such as Amiodarene (Cordarone, Pacerone), bunolol h hvdroehiosic

RN 31865-03-8, Packe-Davis), acchutolol (BN-3-Aceiyi-dg- E}ﬁiiy‘-r{.?:‘:}f‘-{%~i'“‘E.

methviethyDaminaiproporyiphenyl Fbutanamide, or (&3

{isopropylmning} propoxy] butyranilide), acebutolol hydrochioride (u.g., Sectal®, Wyeth

Ayersty, alprenoicd hydrochioride (CAS RN 13707-88-5 see Netherlands Patent Applicstion Ko,

G605 052}, tenviol {e.g., Tenormin®, AstraZeneca), custeolnl hydrochloride (e, O

Filmaiab®, Abbou), Celiprolel hvdrochloride (CAR RN 87470-78-7, also see in LIR4034008),

N

eetamolol hydrochionde {UAS RN 77590-83-5, see also US4059622), labetalo! hydrochinride

e 3

{2.g., Normodyne®, Schering), esmolol hydrochloride {e.g . Brevitloedt Baxier), lovobstaxolol

o)

hydrechioride {ev.g., Betazon™ Ophthalmic Suspension, Alcon), levobunolol hydrochionide (e,
Belagan® E..-iqtir;ii @ with C CAP® Complisnce Cap, Allergan), nadolol {e.g., Nadolol,

Corgard, Mylan}), praciclel (CAS RN 6673354, see also US3408387), propr

5.
hydrochlonide (CAS RN 318-98-9), sotalo! hydrochlonide {e.g., Belapace AF™ Berlex), timolol

-~dinethviethyviamine ‘s«:‘%u{{4—4{44}34\@:@}10}in‘yi}»l 2 S-thiadiazol-3-vhioxyl,

E..* 3

henuhydrate, (83, CAS RN 91324-16-2), timolol maleats ()

4 (é&zm}m{i’n}ii'1}-‘1}'i 2. S~-thiadiazol -3~ 1] oxy]-Z-propanol (¥

RN 26921173y bisoprolol (2-Propane!, 1-[4-[{2-(F-methyvle

Poneths yiethyhaminol-, ¢2), CAS RN 66722-44-9), bisoprolo] fumarate {sock as {8-1-144(2

{1-Methylethoxy) sthoxy Imethyl Iphenoxy F3-[{ LethylothyDamine - 2-propane! {8 -2-

butenedioate {2:1) (salt}, e.g., Zebeta™ Lederle Consumer), nebivalal 2H-1-Rerpopyran-3-

7
e
7
)

methanol, so'-{iminobis(methyiene) bis{$-fluoro-3 4-dihvdro-, CAS RN 90200-09-6 see also
U5, Pat Ne. 4,6584,362), clcloprolol hydrochloride, such 2-Propanad, 1-{4-{2-
{eyelopropvimethoxyisthoxyiphenoxy]-3-[ L-methylethyljaming}-, hydrochloride, & 48, BN
G3686-79-3 3, dexpropravciol hvdrochlonide (2-Propanel, 1+ Tmethylethyd-aming -3¢ 1=

paphthalenviexyHhydrochionde (CAS RN 13071-11-9), diacetalol ydeochionide { Acotamide,

- «

CE
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vi-cthyljaminoijpropoxyiiphenyi]-, monohvdrochloride

L

rachlonide (Benzamide, L»;nh}-'ﬁr«;}x}f‘~5~{ §-§1§s{i:‘{3x§‘“;\‘.~{ te

A}~ monohydrochioride, CTAS RN T 5}, exaprolod

hydrochloride (3« E"mpm §~{1‘3~-cy dohexylphenoxy)-3-{{1-methylethyDamine |-, hydrochloride

S %

CAS RN 58333-90-3), flestolol sulfute (Benvoiv avid, 2-Hure- 3-[[2-feninoccarhonyliamine |- -

dimethylethyl jaming }-2-hwdroxypropyl ester, () sulfate {1:1) (salt), CAS RN R8844-73.9

metslol hydrechionde {Mﬁema; gsultonamide, N-[4-{ | -hydreoxy-2-{methylaminoromd It

monohydroohloride CAS RN 77

-65-Th metoprelol 2-Propanod, 1-[4-(2-

msthoxyethyDphenoxy]- 34

~p

T3EQ-38-6), metoproled tartrate

roed

{-methylethylyamine]-; CAS RN 3

{such g8 2-Propanc), -[4-{-mathoxyethyDphenoxy -3¢ nethylethyllaminod-, eg

w R &

e

Lopressor®, Movartis}, pamatolod sulfate (Carbamic seid, [3-[4-12-hydroxy-3-1{1-

Vit ~e‘ti1‘y‘§j~5 mm’hyi ester, {2} sulfate {aalt} (2:1), CAS RN

clopentyiphenoxy-3-L 1, Idimethyie-

thylamine]l, § 3335«33&5}_, pracioio] {Acctamide, N-[4-{2~
hydroay amoppropoxy jphenyii-, CAS RN £673-35-41) tipronolnt
hydrochlonde (Propanol, 1-{{{-methvicthyliaming 13- 2-{methylthio)-phenoxyl, hydrochloride,

2ed 34, tolumalol (Benzamide, 4-{2-[{2-hydroxy-3-{2-methyiphenoxy)-

o

propyliaming jethoxyll-, CAS RN 38103-61-6), bopindolol, indenolal, pindelol {e.g., Visken),

propanciel {e.g., ndera, Inderal-LA), tertatolol, Coreg (carvediloll, sad tlisolol, and the Hke

caletum channed binchers such as besylate salt of amlodipine (such as 3-athyl-S-methd-2-(3~

amincethoxymethyly-4-(2-chlerephenyiy-1 d-dibydro-g-methyl-3 S-pyridinedicarbos

benrenesalphonate, ¢.g., Norvase®, Plizer), clenfiazem maleate {1 5-Benrothiaepin-9(38
3-{acetvloxy)-S-chlore-5-2-{dimethvlamine ethyi |- 2 3-dih ydro-2-{d-mnethaxyvphenyl]

vass

»..
M\
P

{<»2-butenedioate {1:1), coe also US4567108), tsradipine (3, 5-Pyridinedicarboxvite acid,

benrofurazenyd - La-difvpdre-2,0-dimethyl-, methy! -methvletind ester, (&3-444

benzefarazanyli- 1 A-dihvdre-2,6-dimethyl-3, S-pyridinedicarboxylate, see also
mmodipine (such as is isopropyl (2- methoxyethyl) 1, 4 dihydro 22,8~ dimethyd ~4- 3=
mitrophenyh) <35+ pyridine - dicarboxylate, e.g, Nimotop®, Bayer), felodipine (such as ofivyd
methyi -2 3-dchlovophenyi-1 4 d;hydm-" H-dimethyl-3 S-pyndinedicarboxyipte, ¢.g.

R fagh

Plengil® Extended-Rulease, Astradenvea LP), nilvadipine (3,5-Pyridinedinarbonvlic acid, 2+

Gl
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droe-emethyl-4-3-nitrophenyi -, 3amethyl 3-(1 methviothyl) exter, also see

VRATYNE34), nifedipine (such as 3 S-pyridinedicarboxylic acid, 1 4-difvdre-2 S-dimethyl-4-{ 2~
mitrophenyl)-, dimethy! ester, o.p., Frocardia XL® Extended Release Tabiets, §‘ncrt diltiazem

hydrochloride (such as 1,5-Benzothiazepin-4{SH}-one, 3 {acetyloxy)-3

3-dihydro-Z{danethoxyphenyly-, monohyvdrochloride, {+)-cis., €.
verapasil bydrochloride (such as benzeneacetronitrile, (alpha)-{13-{{2-¢3 $-dimethoxyphenyt
@ih‘}s’i}mei‘*xyia T }p oy } 3 A-dimethoxy{ aipﬁg\—{ Pnethylethyl) hvdroehlonide, eg, IRoptin®

4

Hdmethyiamino methyl ;faw{’-‘ HIEY3- {L;nam*cxh Aethoxyd3-g wui“wvgv“ Iphervilel 4

dihydro-G-methoyl-, dothyl ester, monohyvdrochloridey CAS RN 108700-03-4), betfosdil

{Phosphonte aold, {2-(2-phenoxyethyl-1,3-propanc- diyifbis., tetrabuty

o

TH-Gy, fostedd {Phosphortie adld, {{$-2-benzothiazolyliphenytlmethyll-, dethy? oxter CAS BN

TIRES-G-2Y, wranidipine, axclnidipine, bamidipine, bentdipine, bepridil, cinaldipine, clevidipine,

P

s;f%imiriiipim gallopamil, lacidipine, lemildipine, forcanidiping, monatepil maleate (1~

De-fd-fiuorophenyil-,

3

Fiperazinebutanamide, N-{6,11-dihydrodibenzob aepthiepdn- 11

&2

rers

~butenedioate {11} {-N8 1 -Dihvdrodibenzotb,ethiep- in-1 T-vD-d-{p-fluorophenyii-i -

piperannebutyramide maloate (1:1) CAS RN 132046-06-1), sicardipine, nisoldipine,

I

nitrendiping, manidipine, pranidipine, and the Hke;

o]

T-chagmel caloiom antagonists such as mibefradil;

angiotensin vonverting enzyme (ACE)Y inhibiters such as benuzepril, bunarepril hydrochioride
{such as 3-{{ -{ethoxvorrbonyli-3-phenvl-{ 1 8 )-propyliamine |-2,3,4 S ¢etrabvvdro-2-oxo-1H - 1-

3 .

{38 pbenzazepine- -acetic acid monohydrochloride, o.g., Lotrel®, Novartis), capiopri

Vrash

£
\
{28 - Fomercapto-Zomethylproplonyl - Leproline, e g, Captopril, Mylan, CAR RN 62371-48-2
andd others disclosed in US4A0406889), coranapril {und others disclosed in USS482 700, cotapril

71 {1986 40:543 (.

b3

{alacepril, Dainippon disclosed in Bar, Therap, Res. 396

{?i{}ﬁi’maz}%L.z‘:i"{s:}{:}'gi:} disclused in 1 Cardiovase. Pharmacol, $:39 (1980, in{iaﬁiay}z‘éi {delapril

frydrochloride (2H1,2 4-Beonzethiadiazine- 7-solfonamide, 3-bicyclo{2.2,  Thept-S-on-2-vyl-6-

¥ 4
§

53;13(??‘0‘;“3?Q“{iﬁi}:di‘{}«, isdioxide CAS RN 2250-96-3); disclosed in US438305 1, enaluprit

x
H

{and

<:

others disclosed in UN4373829), enalopril, enaloprilat, fosinopril, ((such g8 srans-L-prolineg, 4-

&2
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syelohexyi- -] 2-methyl- 1« T-oxopropoxy) propoxy {4-pheayibuiyl} phosphinyviiacetyvl}

sodion: salt, £.g., Monopril, Bristol-Myers Squibb and others disclosed in

fe

o

fostnopril sodiam {L-Proline, 4-cyclohexyl-1-{H{R 1S T-methyie ]« 1 -ox- © STORORYIPIOpex),

tenidapnil, indolapri (Schering, disclosed in 3. Cardiovase. Pharmacol. $:643, 65

Q

s *;mi {herek ), tostsopril, moexipel], moexipeil hydrochloride (3-Ixequinolinecarborylic scisd,
1-{ethoxyearbonyl)-3-phenylpropyliamine} L -oxopropyl-1.- 2,3 4-tetrahydro-

mopohydrochlotde, (38) CAS RN 82586-52-5}, quinapril, quinaprilat, ramip

& 2

ciosed in BP 7R012 and Cur, Ther, Res, 40174 (1986), perindopril erbumine (sueh

-

Si-t-Carboxybutyljalanyl hexahydro-2-indolinecarbonvlic acid, -

othyt ester, compoand with tert-buatylamine (111 e.g.. Aceon®, Solvay), perind ol {Servier,

disclosed in Bor J clin, Pharmacol. 31:519 (19873, guanipril {dixclosed o US4344%48),

' {'Rc%wrﬁng, disclosed i Acta. Pharmacel. Toxicol, 38 ¢ Suppf fs';,s:?.’.?i% {198,

L, §*§§s Pharmacol. Physiol. 101131 (19833}, pivopril, YR98G, tepratide {iﬁra@y&ini‘a

patentiator BPPOa CTAS RN 33

fdak
(}‘
P
e
L5
i
o
o
]
3

. [ ), BRL 35)3?3 {Smith Kline Beecham, see BEPROR22 and
EPGHOGAS ), MOVEIE {Chupat, see CA. w: TI58Ry and Jap, [ Pharmacol 400373 {18863, C
14824 f\ib»‘k}vi 5y, 3-{f Beothoxyearbonyl-3-phenyl-{ 18 -propyinmine-2,3 4 5-tetrahvdro-2 -ox-
=138 )-benzazepine-1 acetie acld HCL see UK. Patent N 2103614), 008 16617 {Ciba-
{18 -Samino-f-carboxypentvifamino-2,3 4~ Sdetrahvdro-Zeoxo-1H-1-

5

benzazepine- L-ethanole acld, ses US4473575), Ra 44570 (Hoechst, so

3E1254 {IVES ), R 3L-2201 (Meflman-LaRoche soe FERS Lott, 1632061

{Pharmacologist 26:243, 266 841, WY-14221 (Wyeth, see J. Mod. Choenn, 260394 {19830,

%

and those dizelosed fn USI0GR006922 (paragraph 28, US4337201, US44312971

{phosphonamidatesy,

4

neutral endopeptidase inhibitors such as omapatrilat (Vanlev®), CG

G4, eadoxatrl and
ecadotrtl, fesidetrt talse known as aladotri! or alatriopril), sampatriiat, mixanmeil, and
ETITORE z.f AVETEIR, ER4AG3G, and those disclosed in URS362727
%

US4749088, UISS5532397, UURES04084, U

EPGROa4, BEFHAEINZE EPOSO044, EPGSOSG10, BEPOS34362, BPS34306, BPS34447,
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endothielin antagonisty such as terosentan, A3081635, and YMS2899, and the Hke;

vasodiaters such as hydralazine {apresoline), clonidine {clonidine hvdrochlonde (1 H-Inmiduezal-

Jramine, N-(,8-dichiorophonyld, S-dihydro-, monohydrochloride CAS RN 420591« 83,

catapres, minoxidii Jouiten), nicotingd aloohol {ronfacel}, diftiazem hydrochionide {such as 1,5
Benzothwzephe-4{ SHone, 3-{acetyloxy)-5{ 2-{dimethyiamino jothyl 1-2,-3-dibydro-3 (4
smethesyphonyl)- monohydrochioride, {(+hcis, c.g., Tara est), isosorbide dindtrate (Such

a8 Lad O-Glanhydrn-D-glucite] 2.5-dinitrate o.g., Isordid® Titradose®, Wysth-Averst),
1

sorbide mononiirate {sach as 1,43, 6-danhydro-D-glucito- L S-niirate, an organic nitrate, 2.2,

fie\w Fa.\i\L‘

’i:(

Bmo®, Wveth-Ayerst), nitroglveerin (such a8 2.3 propanetriod irinitrate, ¢

Al 3.‘:‘}*’€_i§_‘{}{?§3hﬁ}1‘i(§.ﬁ {such as benzeneacetonirile, (&)-{alphua 3-

-3 d-dimethoeey-{alpha ) ¢ omethvietht

> Extended-Relegse, Searle), chromonay (which muay be propared

londtate {Asma‘mn 1870 '555‘;9 {i;'{};}:‘s:fniE&mine {which may be

Ly
¥
—n
s
o
tak
‘5«'!‘
L
fopd
T
[
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e
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2
]
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>
o
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£
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e
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o
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.
o]

VY, propatyl mirste

{which may he prepared as disclosed in French Patent No. 1,103,113} & hydroch]

{1 -Pipersincacetantide, 3-{aminocarbonyhe-{4,4-bis{4-Nuorophenyhibutyl}-N-(2.6

o

dichlorophenyly, dihvdrachlonide CAS RN 83808-67-3), mixidine {Bensensethanumineg, 34+

%

dimuethoxy-MN-{1-methyb2-pyrolidinvlidene) Pyrroliding, 2-{(3 4-dimethoxyphenethv imine -

=retiyvis BMethy-2-1 5 4-dimethoxyphenethylimino jpyrrobidine CAS RN
mndsidomine {1,2,3-Oxadiazolivm, S-{{ethoxyearbonyliamine - 3-{dwmarphelinyil, inner salt
7800}, izosorbide mononitrate {D-Glucitol, 1,4:3 6-Bandivdro-, S-niteate AR
S

313

STTY Y

Yowei

AN 1608 1-T7-7 ) erythintyl tetranitrate (1,2,3,4-Busneteirol, tetrandtrate, (IR38 el CAS

P -

Led

T207 288, clomitrate] § 2-Fropanediol, 3-chloro-, dintirate (7C], 8CL SUH CAR AN 3612 .
dipyridamole Ethanol, 2,27 27 2714, 8-di- I -pipenidinyipyrimidol 5, 4 pyrinnidine- 2.6+
diviydintiriiojtetrakis- CAR RN 58-32-2) nicorandil (TAS RN 83141 -46-0 33,

wiidinesarboxanude (N-[2{nitreoxyjothyl]-Nisoldipine3, 5-Pyridinedicarboxylic amd, 1,8

i

73

0y \

dibydre-3,6-dimethvi-4-(2

-pitruphenyl -, methyl 2-methylpropyl ester CAS RN &3

Soeds S 5

wifeddipine :>,3f~i}}’i‘iﬁiﬁ\‘:}{ﬁ,@dﬁ){_‘ix}fi eacid, 1 4-dihydro-2, 6-dimethyi-d-Zonitroptenviy, dinetingd

sator CAS RN 21829 xiline maleate Piperidine, 2-(2.2-diovelnhesylethvll-, (2832~

64
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butenedionte {1113 CAS RN 6724534, oxprenolol hydrochloride (2 2-Fropanol, 1-{{1-

CAS RN 6452-73.9,

methviethy F2-{Eepropenyvioxyiphenoxy]-, hvdrachloride

pentrimitrol {1,3-Propanediod, 2, 2-bis{{nitreoxy)methyi}-, mononitrate {e

81 verapanul {Benzeneacetoniirile, oo 3+{{2-(3 4-dimethoxyphenylk ethy

3a-dimethoxy-on{ -methylethiyl- CAS RN 52-533-9) and the like;

angitensin I receplor antagonists such ay, aprosartan, mimammi olmesartan, pratosarian,

FI6828K, RNHS279, candesartan {§ H-Benzimidazole -carboxyhic goid, Z-ethoxy- {21 H-

<.¢

tetrazoi-S-yHi ], e

'23

eoyiE-viimethyl]- CAS RN 139481 ~38-7} candesartan oflexeti ({ai b

{eyelehexyivarbonvioryithyl-2-cthog y-1- [ 2 IHtetrazol- 5 vidbiphenvi-d-vii-

»..

carbogylate, CAS RN 145040-37-5, USS703110 and 1SS! 9a444), eprosarian {

carboxyphenyhim eﬁiy‘i}-z~n-«bu{‘y.‘é*imida?:@ﬁi‘:z"'«yi}—(B-E_'hicnymmihx§ propenoie avid, 1

el

and USSHS085G), irbesartan (T-nbutyl-3- [[2{Hite ctrazoi-S-yhbuphenyi-d-viimethylil 3

dlazasspirold dnonelen-deone, UR3270317 and UKS3S82 ’?83}, fogarian {_2—3\?--§3i§{i}'§«-’i~ﬁ§"§§G‘E‘ﬁ*f}'-—

USSIIBO6S, USSISIINT and LSS ’3‘8355_}; tasosartan {3, S-dihydro-2 4-dimeth

14-yhmethyvl]-pyridof2,3-dipyrimidin- T{6H rone

1yi-2propyl-(2.6-bi- H-benzimidazol 3y

L EP-biphenyi 2+

01484, USSSR1762), milfusartan, abitesartay, valsartan

{Diovan® (Novartis), (8kNovalervi-N-{{ Z-(H-tetrazoh-5- vibiphenyb-d-vDimethyvtival

LUIBS300578Y, EXP-3137 (2-N-butyl-4-chloro-l- {2 (IH-totracol-5- ~yibiphonyled v

mdazole-S-carboxylic acid, USSI38069, USS153197 and LINZ128358), 342 Cotrazol-

yhmethyl-3, 7-dimethy-2-cthyl-3ismidarol4,5-bloyridine, 471 2-cthyl-4-

trabydroinndazoe] I 2-alpyndin-2-vi]-bensimida *f;}fwis-—}s‘i}%@'}@tﬁj&}-‘§,_.§’n

cavboxyiic acid, 2-butyl-6-( Dmethoxy- L-muthylethy] - 2-027 i etrarol- 5

X

yiibiphenyi-doylmethyvlguinazolin-4(3H)-one, 3- {2 carboxybiphonyl-d-yhmet

cyelopropyl-T-methyl 3H-imidazo[4,5-hipwidine, 2-butyi-d-chloroa-

shbphenyl-S-yimethyl imidarole-carbox viic acid, Zaiﬂ.rf.yiﬁ"%»«chif(:nm«

¥IH I 1 haphe
ester potassinm salt, dipotassiom 2-butyl-d-(methyithiod- 1 [3-{{ [{pr spyia }‘xi.3{;-‘-}C&i‘i}{}i'ﬁ}fi:§£2§3§i3‘3(’1{}
sgtfonytit L1 -phenyd-4-ylmethyl}- 1 Himiduzole-3-carboxyiate, me thyi-2-{{4-butyl-2-

o5
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taphenyl-4-meth _@};:a;\sr‘;;m dnné-g 3tpone DLL lysine salt, S-methy §-,~?1~p;0p

totrazoi-S-yibiphenyb-deyimethyl 1,2 41 trfazolol 1 3-cipvrimidin- 203 H-one, 20 -dhathyls-

3

cfiphenyi-d-ylimethyl }-SH-pyrazolof 1,551 1,2 4jtiazole potassium salt, 2402~

N A
H
i~

'fzmi‘x-“iﬁ-«’i,ﬁhdihm X e 3 iw’ { 1H-tetrazol-Sy1)4- bip? envimothyl-3 H-imidasol 4.3~

N

v

n

}~'E.:,1’~§:}§phm§y§~4~y§§nimth0 ‘s}pwz{*mx. Segthoxy- 1 {27-{Seox0-2, 53

x

¥

E,Eﬁ’e«cs»xa{}iazai(&yi}‘éﬁﬁscf A-d-yiimethyl]-TH-bensimidazole-T-corboxylie aehd, T-ING2 (1L

tetrazols wx1}hz~ﬁcnvim~viqumh\,1} N-valerolyviaminomethyhieyelopentas ane-~earbox yie geid, 7-

e
f’ 3

muthyl-2n-propyi-3-[{ 27 H-tetzazol-5-yDbiphenyi-d-yi imethel -3 Heimidazo{ 4,56 Ipwridine, 2-

U (Qeethylo 8, Todimethyl-3H-imidazo [4,5-b lpyridine-3 vhmethyl -2-quinolinyl sodhan

Dovwroate, 2-hatyi-teg 3‘?m‘{?“‘?"}}}’ﬁf{}K}*l“ﬂﬂfhyl—g-?nﬁﬁl}/‘i—g- " Htetrazol-S-yiibiphenyl-4-
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Novariis), varvedilof (aneh as (-1 -(Carbazol-d-vlony i 3-{12-{-mathoxyphenox viethy jenine -
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CAS RN 61-75-6), phentolaning mesyiste (Phenol, 3-{{{4,5
}"sphenyimmimz'§~, monomethanesulfonate Galt} CAS

ol 5-Tindoke, 7-{2-{4-

piperazinyiiotdl-, {'E'§§.§3E52}~3\‘ dihvdroxvbatunedioate {11} CAS RN

£, 1-phonyM-] 2-( Hetetrazol-5-visethyl -, monohydrochioride (8CL, 9CH
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ceeptor blockers, such as alfuzosin (CAS RN 81403

aoadroner U? (eI

pravosin hdint . iomsuliosin, bunazoesin, trimazosi, ¢
hydrochioride (which may be prepared as disclosed i

AS RN 33743-95-3), and Jubetalel hydrochionde am & combinations

0 2 aporists such as methyidops, methyldopa HCL, lofexiding, ffameniding, moxonuline,
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Tobinding agents such as those disclosed in WORIAIBGERR
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finamade, S-nwethyENGH S anethvl-2-phenyiothyl fanino e
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The agents, slone o in combination, can be vombined with any pharmaceoutis
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for some of the combination therapy ag v are found i the “BNE

dewauss
IR e

Recommended Dose” column of tables on pages 11217 of WOOY
betng attributed to the March 3000 British Notional Fororalare} snd con also be found In othey

3

standard formudaries and other drug presoribing divectories. For soune drugs, the customary

wresecribed dose for an indication will vary somewhat §

2’2
i
2,
oo,
s
N
5
Ly
i
%
£
A
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el
s
-
7

Thus, they can be combined with materials that do not produce an adverse,

% .

allergic or otherwise unvwanted reaction when adimninistered to 2 patient, The e

used oy nchude solvents, ﬁigpcrs;\ms, cogtings, absorplion promoting agents, ©
Saes F v OF Mo o~ 35 fwhich inchude starches. potvols, eranulating ¢
agondy, snd one of moes Inet exeipionts {which inchnde starches, polvels, gramsdating

cotphore, Celphore beade®l), dilnonts, Inbricants, bindars,

Py

2
distndegrating agents, and the Hke), ete. 1 desired, tablet dosages of the disclosed compostiions

Cornpositions of the presont disclosure may also optionally include other therapentic mgrediends,

anti-gaking agenis, preservatives, sweetening agents, colorants, {lavors, desiovants, plastietsers,

i
dyes, ghidanis, snti-adherents, apti-static agents, surfaciaats {wetting agenis), anti-oxidants, film-
comting agenty, and the like. Any such optional ingredient smuest be compatible wiih the

compound deseribed Berein to insure the stability of the foroulation.

The coanpesition may vondain other additives as needed,
froctone, galaotose, trehalose, sucrose, maltese, raffinose, maliitel, me

lacHiol, palatinite, starch, xylitel, mannitol, myoinositel, and the ke,

ks

N

»/A

for example

- example slanine, glyeine and betaine, and peptides and proteins

e

avndoe auids

albhomen,

Examnples of excipients v wse as the ;‘m:mmu wiically zeceptable carriers and the

A

. fillers, disintegrants, lubricants, anti-nierebial agents, and coaling

ementivned additional Ingredients fnclhade,
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5.

musla S8CE, &AW bt

bine, surbitol special solution,

crosed; wet granulation sgents (ke

5

catoim carbonate, lactose srbivifrous, lactose monohydrate, maliodextrin, mannital,

mtorsorysialline cellulose, povidone, starch), varamel, eaboxymethyleoiludose sodivm, chewy

croam Havoy and  cherry Havor, citrie acid snhydrous, citrie acid, confectioner’s sugay, B&C
S Red Noo 3%, D&C YWellow #10 Aluminwn Lake, disodiom edetate, ethy! aleohol 13%, P& O

Yellow No, 6 sluminam lake, FR&O Blue §1 Alwminuary Lake, FR&O Blue Noo 1, FD&C blwe

ne. 2 aluminum leke, FR&D Green No3, FINEC Red Ko, 40, FR&C Yellow Mo, & Slomdvum
Lake, FIR&DY

e

Wo, 8, FR&CU Yollow No 10, glycorad paliitostearate, glveeryl

W

5

mengstearate, ndigo varmine, locithin manitol, methyl and propy! parabens, moas ammonium

et
,m.

<

sl and artificial erange flavor, pharmacoutival glase, &“& xamer 18R,

P
]
.
4
,,,7
""\
ol
.,‘
’u
o
5
;w
]
4
_f ]
=4
’f.‘&
&

> 24, polvsorbate 80, polyvidone, pregelatintzed conn stavely,

pregelatinized siarch, red iron oxide, saccharin sodium, sediun carboxymethyl ether, sodiam

chioride, sodiom citrate, sodiom phosphate, strawberry favor, syst

synthetic red ron oxide, titanhen dioxide, and white wax

D Toay optionally be treated with coating systemns {e.g. Opadey® X i

coghing systern, e example Opadey® bhee (OV-LE-20821 )

40%, and black ink (5-1-81086}.

The agents olthor in their free form or as a salt can be combined with a polymer such as

§s

, poly-{{Hactic-glveolic-tartarto aoid (PLHLOT (WO
£ o Y W 3

3,773,019, polylactic agid

e oxide} (ULS. 2(3{}3(}{}6838!%} o ereate 8 sustained release
formuiativn. Such formulations can be used to implanis that relense a peptide or another agent

3% overa pasiod ofa fow days, g fow weeks or several months depending ou the pelymer, the

particle size of the polymer, and the sive of the implant {m‘: @, 0.6, U8 §.620423 (dher
sustained refease formulations and polvmers 01 use i are described In BP 487 3898 AZ, WQ

2, WO O7/40085, WO 03073887, WO GLOI984AZ, ULS, 5,932 355,
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WO ST26015, WO 9704744, and, USPONZGG 19446, In such

Hons microparticles {Delie and Blanco-Fricto 2005 Molecnle HH85-80)
ovabined with microparticles of polymer. Une or more sustained reles

intestine, the small iitestioe orboth, B 6011017 gnd W

3 BA/06452 deseribe & sustained release formuiation providing eithe

1461 describes a fo

PEG MM and PEGSG0) oriracetin, WO O304
enhancs bivavailability and provide contralled releaseo! the agen
controiied relense formulations are desortbed i U8 6,734,185, §
536,704, WO O30 0E, WO R/ 3029 ULS, 20030064105, 118, 2003013848841, U5,

3349, WO 4N T, WO 01/4824%, WO G143 L

o

po

G0 20ORG3IERTAL LS 6,067 000, WO 014

S N - ey e 20
s UL S, 5.RTT 340

The agenis can be administered, o.g., by intravonouy injection, intramuseular niection,

subentaneous jection, intraperitoneal injection, topical, sublingual, intra

15 unraderinal, buccal, ophthalmic {inclading intraocudar), in ranasaly (ine

{ntraspinally, inwathecally, or by other rowtes. The agents can be aduimstered oraily, o.g., as g

ahlet or cachet containng @ predolermined amount of the active ingredient, gel, peliet, pasie,

1-«.-4
2
o

o powder, granules, sse

vrup, bolus, electmary, shury, capsule, powder, Tyophils 8
lution o & suspension in an aqueous Hauid or @ non-agqueous hig
3 omulsion or a water-in-oil Hauid emulston, via a micellar formulati

-y

vig g Gposomal formulation (see, e.g., BP 736209 WG 895

X
b4

formulations described fn WO 03004886, via bilosome (bile-salt based vesioular systemy}, via s

dendrimer, or in some other form. Orally administered compositions can inciude bmders,

fubricants, inert diluents, lubricating, surface setive or disporsing agents, flavoring
2% hunectants, Oeally administered formulations such as tablets may optionally de o

W
~

)

oy
ooy
s
v

537

b

s
e

o

o

and may be formulated so as to provide sustained, delayed or controlied vele

also be sdministered travsdermally e

fog, thermal poration, hypodermie needles,
und or other forms of sonophoresis, jet injoction, or 8

W of the preceding wmethods {Pravsnitz of al, 2004, Nature Roviews Drug IHsg

The agents san be administered using high-velocity framsdermal particl

3
L
X
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wing the hydrogel particle formelation described in U3, 20020061336, Additienal particle
farmunlations are desceribed in WO GH/45742, WO 00/53 160, and WO O/ 13RS, &An oxampic of

e

{ formuiation vontaining ploster snd the absorptivn promoter dimetin

2 tramsdenma

B Towed in WY wrovides formulations suitable for framsdormal
adminisitration, The sgeuts can be sdministered in the form a suppostiory or by other v aginal o

%

rectal means. The agents can be administered in a tansmentbrang formulation as desert

WO T3, The sgents can be admintsted non-invasteely via the dehyvdrated particicles
described it ULE. 6.4%5,706, Tho agont oan be administered in sn enteric-coated drug

pronsiation as described in WO 0244062 1. The agoents van be admindstered intranassaly LsiE

{he formmlation deseribed i U8, 5,179,079, Formulations suitable for parenteral wjection are
deseribed in WO HYE2TEH. The agents can be administered using the sasein fomwaiation
deseribed in U, 8 20030206939 and WO 00/06 108, The agents cun bo administersd using the

particulate formulations desoribed in U185, 20020034536,

The agents, slone or in combination with other suitable components, can be administored by

a

monary rouse uiilizing severs! technigues including but not mited by intratvache

h
P
B
i

of sedution it lungs by syringe), intratraches] delivery ¢

e
o’
{ia
154
Joscyt
<
1
p:

Nt
vl

(administration of powder formuelation by syringe or any other similar devies mie the furga} and
seresol inhalation, Acrosels {e.g., jet or ulrasonic nebulizers, metered-deose inhalers (M1,

and dry-powder inhalers {DPIs)) can also be used in intranasal applications, Arroani

seanslations are steble dispersions ot suspensions of solid material and Hiquid droplete v e

poseens medivm and can be placed into pressurized acceptuble propeliants, such as

<

hydrotlureatkanes (HFAg, e HFA-134a and HFA-227, or s mixture thercof),

dichinrodifiuosromethane {or other chlorofleocarbon propeliants such as & mixture of Propeliants

S

11, 12, andior 1145, propane, nittogen, and the fike.  Pulmonary formulatons may include
pormisation enhancers such as fatty acids, saccharides, chelating agents, snzyme ahitbtioss {e.g,
protoase inhibitors), adisvants {e.g., glycocholate, surfactin, span 83, and n

preservatives (e, bemzalkoniom ehloride or chiorobutanat), and ethanol (n

2

¢ included in asroso] composidons as 1t zan

s
L

5, Dy weightd, Ethanol s common

tmprove the function of the metering valve and in some cases alst mmaprove the siability of the

¥

dispezsion. Pulronary formulations may also inelude surfactants which mmclude bat are not
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7 ard reforsnces thorein, The
- aeid salt, & bile sall a 4»33.:@5;;‘%}{}Si'pi;‘i_,,

the }g}ﬁ{ﬁi

§ 0 oonmpris

carvier and adapted for use in commrection with a dry ~g}owd er inhaler, Absorption enbancers

poseders. Agroani Romulations may include US. 5,230,884, U5, 5282499,

18 (1.8, 2003019437, UL 8. 200301654736, and W 96/40088 (which includes vegetable
aily, Sustained relesse formulations suitable for inhalation are deseribed in U5
FEHION3GARTAL, 2003023241941, and ULS. 20040018243A1 as well as in WO G/ 1388, WQ

1% Pulmonary formulations containing stable glassy state powder are desend

FOO2G14 1645 md US. 6309671, Other serosol formulations are desribed §

CLL S 3,348,730, UB. 6,430,367, WO B0, and U

6,290,987 desoribes a Hposomal based formulation that can be administ

myans. Fowder foreruiations for inbalstion are desoribed in L8, 200300539640

5 can e adpunistered intranasailyv as deseribed in

corporated into microemulsions, which generally are thermodynamically
cur dispersions of two Immiscible Hquids, such as o and water, stabilized
by an interfacial Slm of surfactant molecules (Eneyelopedia of Pharmacentival Ted nology
{New Yorks Marsel Dekker, 1992), volume §). For the preparation of microernulsions, surfbeiant

srulsifier). an ofl phase and & water phase are nocessary. Suitable

surfactants inclade any surfactants that are useful in the preparation of emulsions, e.g.,

ervulsifiors that are tvpieally used in the preparation of creanss. The co-surfactant {or “co-
emulsifer™} s generally selecied Fom the groap of polyglyveerol derdvatives, shyverol devivaiive

and fatty alcohols, Preferred emulsifierco-emulsifier combinations are generally sithough not

3 pecotssrily seleoted from the groop couststing of! glyeeryl monesiearate and p\;iw vethylene
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stucess, wopvlene L,i col, polyet }\iw{, glvonds, preferably lower molooular

8., PEG 300 and PEG 400}, andior glyeerel, and the like, while
ecompriae, for example, | acid estors, puxiified vegoiable oils,

The agents deseribed herein can be Incorporated into pharmacentically-acceptable nanoparticis,

o &

¥

nanosphiere, and nanocapsule fonmulations (Debie and Blanco-Pricie 2005 Moleouls ?(3:‘5&8{3:}.

Napocapsulog can gonerally onirap compounds in a stable and reproducible way (Henry-

,.,

Michailand of al,, 1987, Quintenar-Guerrere ot gl., 1993, Douglas et all, 1987 To avold side

cffocts due to ntrseciular polvmeric overtoading, ullrafine particles {sized around 0.1 gmij can

he dosigned using pai}-mc s able to be degraded in vive {o.g. biodegradable polyaliyi-

cles are deseribed in the prier art {Couvreur of al, 198

nhanx et al. 1998 Pinto-Alphandry ot al, 1995 and 118, Fat
The agents described herein can be formulated with pH sensifive materials which may include

those described in WOOHU41 108 {inchuding the sval and eateric costing desoribed therein) aw

wbi-sensitive coatings thet schieve delivery in the colon including those desorit
and WORBGHIAZE ribes asing a8 pH-sensitive material to oot & capsule

=3 iy

WOSH0ES ensitive coatings on beads containing seid, where the acid in

peroeated with a drug and sometines covering a pham‘ma::@uﬁaaiiy nonirs! nucleus; 8 membrang-
coated ps’:ﬁ%iei‘ comprising & matix pellet coated with & dual rmechaniam ;mS srney mixture

same or differont composition; and a pharmaceutical

Yhe matriy pellet releases acid-soluble drops by diffusi

g

Aisintegrasion at pH levels of sominally about 5.0 or higher, The agents desoribed bareln may be
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formulated in te pil giggered targeted control release systoms deseribed
agents doseribed hiveln may be mulated acm}rdimg o the ma{h{_xdﬂigg}f deseril

transinoators i

%

Inminated Soemuiation cotoprising pi-E lowering agent an

3007913 and WO03086297 {mucoadhesive systomsy ¥
44

{arnidated peptides)y; WENIS003 158 (solid Lptd suspension with pseudotropis audvr thixotropie

WOOIN3SO29 and WOLREAET {arodible, pasing reteniive dosag

%

formsy USSOOTTO0 and USSSTINEY (~=. stained relcase dossge forme) WOMITIZTH {umi

]

ontended rolease poampositions); WOUSH2TETE, WOORITIH33, and WOO207240

relense compnsitions with natural or synthetic gum); WOGSQ301EI {controlled
formulations with an ascending rate of release); WOOS04E098 (microsuuapsutation

Patent 5,583, 114 (lopolvmer); USS108758 (glassy amylose matrix delivaryy L8

very s;,-*;»;tmz comprising chitossn ¢

coharide

1831152 {describes a drag delivery system coutalning & water soluble

core {0y gzcxtmﬁw or other water-fusoluble polymers) and outer coal wich bursta {eg

hydrophobic polvmer-Hadragrityy US 6234464, US 6303130 (coating with polymer containing

<

casoin and high methoxy pecting WO0T74175 (Maillard reaction product); WOGSIG3206

Gsolubility Increasing formulationy, WOO4019872 (transferning fusion profe

deseribed herain may be formulated using gastrointestinal relention system technology
horrion Pharmsceticals), GIRES comprises s controlicdhwelesse dosage form inwide an

inflatable poach, wiich is placed i o drog capsude for oral sdministration. Up

&

the capsude, & pus-genorating sysiem indlates the pouch in the stomach whers s retained for 18-

erta dosoribed herein.

formulated inan osmotic dev including the ones disclosed
SR, US4S03030) discloses an osmotic device for

dispensing s drog to certala pH regions of the gastrointestinal tract. More particutarty, the

disclosure relates o an osmotic device comprising & wall formied of u semi-permeable pHi

sensitive compastiion that surrpunds a comparbnent sontaining 2

through the wall connecting the extertor of the doeviee with the compartn

1
)
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the drag at a contrailed rate (o the region of the gastrointestinal tract having a pi ot Texs than 3.5,

3 T oy b
it ract

and the deviee festructs and releases sl its drug in the region of the gastrointest

Gavingapiig § . thereby providing total availability for drug sbhsorption. UL 5.

Pagont MNos.

boneficial sgent o an aguecus environment. The device comprises a benefic
cargapent surrounded gt least in part by a semi-permeabls membrane, The beneficinl agent may

alse fmotion a8 the ounsgent, The semi-permeable membrane is permeable to water and

C‘/"‘

stantially impermeable to the beneficial agent and cemagent, A trigger means is atiached

25
P

e semi-penmeabls wombrane (e, g, joins two capsule halves), The rig

o
.“
".5‘
bt

COF IHeans 18 adtivi

-~ X

% to 9 and triggers the eventual, bt sudden, delivery of the beneficial agent. These

£ .3

o from

i the pHi-rigpered relgase of the beneficial agent core as a belus by gamntic
3 :
brursting,

comprising @ polymgic particie -nai‘;‘m, where each particle defines a network of internal pores,

sped within the pore network wgether with o blocking sgent haviag
ohvsical angd chemival characteristics selectad to modify the release rate of the active substancs
from the {nternal pore netweek, Inone embodiment, drags may be selectively delivered to the

i

inteatings using an enteric material as the blocking agent. The enteric material remuins intact
the stomach but dogrades under the pH conditions of the intestines. In unother ernbodiment, the
sustained release formulstion amplows 2 blocking sgent, which remains stable under the expected
conditions of the environment to which the active substance 18 to be released.

is diffioult heg

heneficial agent prior to the release siie or desired delivery ime and #1

sensitive materialy & 10 achiove site-specitic delivery

tirme lags befure release of the active ingrediont after erposure to high pi {beeause of rapid

¥ v
3

The agents may alse be formulated o a hybrid system which combines pH-sensitive materials

aned amotic delivery systema, These hybrid devices provide delaved initiation of sustained-

release of the heneficial agent. In one deviee a pH-sensitive matrix or coating dissobves relessing

Q3
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t provide sustained release of the beneficial agent see UL S, Patent Nos.
A TR, 075, 4681, 383, and 4,851, 231 A second device consists of o semipermeshle voating
made of a polvmer blend of an insolable and a p§i~aaz witive matertal, As the pH increases, the

permeattlity of the voating increases, increasing the rate of release of beneBeial agent see L8 S

Loe

The aperds desortbed horeln may be formulated in terpohamers according o 10X Patent No.

ES

3,484, 610 which diseloses terpolymors which are scnsitive © pH and temperaturs which ave

wsedul carviors for u\‘ﬁﬁiibhh” hioagtve agents ihrowih the ¢ \Nm. gmaﬂ:& of the stomach in g

protected form. The terpolymers swell at the higher physiologic pH of the intesting! fract causing

elease of

fihe blogetive spenis inte the intestine. The e rpoi} ¢ are Hoear and are mode gy of

I

729
7

{ower erifical solution temperature} properties below %::od}f temnperatures, 110 3

sensitive comaponent having s pXa in the range of from 2 to 8 whick fmetions through tonization

or detonization of carhboxyhic acid groups to prevent the bioactive agent from baing lost at low

ob but allows bivactive agent release st physiological piiofabomt T4 and &

cornponent witch siabilises helow body temporatares angd compensaie:

R

apeyt gifects an the terpolymers.

~».

Hie terpolymers provide for safe hacactive g

e provedurs e dosage form fabeication and the terpolyner funeticns g3 2

soldic enviromment of the stomach and alse protects the bloactive agents From digestive

exuryines untl the bioactive agent i released in the hdestinal tract,
The agents desoribed herein may be formulated in pH sensiiive polymess sccording to thoss

deseribed in UL S, Patont No. 6,103, 865, UL 8. Patent No. 8,103, 348 discloses pH-sensitive

polymers contabning sdfonamide groups, which can be changed in physical roperties, such a3

swellability and solubility, deponding on pH and which can be applied Tor a drug-delivery

g \i’(\qi }-“ e DTy o ‘d ."}!O_ }1\ = oyl Py ,:(t’ ) TTEE § )\g ,,} n:*,‘?;\gn; T ha 3§\¥*q€r=~\qi<-i-¥,g
R E A RN B ] afe §d\., SONSGYT, ang Ee are ang 4 p;b?d}’d O WIENROC SIEIONS. 1R § PR RRRIWYS

polyniers are mrepared by introduction of sulfonamide groups, varioos in phla, to hydrophilic

s through coupling 1o the hydrophilic groups of polymers, such a

£

acrylamide, N, N- dimethylacrylamids, aorviic acid, N-isopropylrerylamide and the ke wr

2

94
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&
o

copolymerization with other polymerizable monomers. These pH-sensitive polvmers may have

i etriee b T rmear reesd v 3 “ o e Fpes gwead : seteat ventrrele e a e
siructure of Boear polymer, grafied copolymer, hydrogel or interpensteating network polymer,

3 i

arch molocules substitpted with acetate snd dicarboxyvinte residucs. The

preferred dlemrbonyinte scid s succinate. The average substitution degree of the avetate residus
8 at deast § angd 9. 212 for the dloarboxyiate residue. The starch molecnles can have the acetats

and dicarboxyiate restdues attached o the same starch molecule backbone or attached {0 separate
stavch molecute ackbones, The present discloswure also discloses methods for preparing

stavch gotate dvarboxylates by fransesterification or mixing of starch acetates and starch

P S, iy - csae e by
dicarboxyiates vespestively.

The agents doscribiod horein may be formmlated according t

Patont Maa, 5,354, H‘?,i 788, 687, and 53;3{}6, 422 which ¢

: COITHHICHTIONS 18

wake

et A poﬁi}mmr of ydrophobic and weakly ac

nirolled release systom, Also disclosed 18 g spectfic ormbodiment in

Tl
]
=4

X

wtrebied release systent may be used, The pH-sensitive m\i}m o i poated onto &
latex catheter used in ureleral cuthelorization. A areteral catheter coated with s pH-sensitive
palymier having an antibiotic or urease inhibitor trapped within its matrix will release the active

agent when sxposed to high pH urine,

The sgents desoribed hereln may be formulated in'with bicadhesive pohmers scenrding to US

0. 6,368, 187, Bioadhesive polymers in the form of, or 48 a coating on, mi umpsz ey

o

covmaining drugs or bloactive sohstances which may serve for ther

5

in disenses of the gastrointestinal traet, ave deseribed in US6365187. The pul ynm;is

hloadhesive foree of at least 11 mNfem® (110 Nem?) Pech wndgnes for the

3

macrospheres

fabricaiio

sive micvospheres, 83 well as a8 mothod for measuring hioadhesive forves
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between miorospherey and selected segments of the gastrointestingl tract in vitvo gre alse

deseribod. This quantiiative method provides a means 1o establish & correlation belwesen the

chemmics! nature, the surface morphology and the dimensions of drug-loaded microspheres on
one hand snd bicadhesive forces on the other, sHowing the screening of the nwst promising
farge group of naneal and wynthetic polymers which, from theoretioal
18 ae 3 Fey
whi Be uked {or making bioadhesive microsphe

inilar vehicies are commondy emploved to senergte airaorosol in g
izars operate on Berpoullt's principle and employ a streem of aiv or

oxygen fo generate the spray panticles, More complex nehulizers omploy uitrascund to aronds the

et

sprray pariickes. Moth types are well knowsn in theart and are desertbod v stamdard tegthonks

T Armnerican Pharmacy and Remington’s The Dol

o for generating asrosols employ comprasaed

a7}

Bydrofluorocarbons and chlorefluorocarbons, which are mized with the medicunent and any

esstirized container, these devices are Hkowise described i standasd

i Remnglon.

The agenis can be a free acid or base, or a pharmacelogically accoptable salt 8

C"

e chssedved or dispersed immediately prioy to administration or earlier. 1

servative 1o prevent the growih of microorgamsms. The

”‘
%
joe)
2t

i
]
s
=
5
=
F\
i-‘

;<§ armecentical formy suilable for jeotion can inchade sterile aqueous o prganiv 8o

dispersio g.g., water, an alcoshol, an ergenio selvent, an ¢il or other solvert o

dispersant {28, glyeersi, propylene glveol, polyethylene glyveol, and vegetable oils). The

frrmndations may contain suttoxidants, buffers, hacteriosials, and solutes that render the

stabilizers, and preservatives, Pharmaceutics] sgents can be stentlized by Gher stertlization or by

other suitable mieans. The agent can be fused o immuonoglobuling or albumin, abumin varians
ov fragments theveof, or incorporated info a Hposome to improve halfHe Thus the agends

dusoribed hwrein may b fused diy

or prodrug

~<

Hskoey 1o albnunisy or an analog, fragment, or derfvativ

that are paet of the fusion proteins of the present disclosure may be dertved from albomin clongd

96
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cluding humnan, Human serum albomin (H3A) congists of & single non-
6

w
)
iosd
bl
7
“v

chain of 583 amino acidy with o formuda molecudar weight oU 66,5007

Chuman H8A s known | See Meloun, et al. {(1975) FEBS Lotters 381368

Fed. Prog, 34:591; Laws, et al. {1981} Nucleio Acidy
(10863 1. Biol. Chem. 281:6747, cach of which are inporporated by

~ - < e o

sriety of polymorphic variants as well as analogs and Sragments of aiby

have boon describod, TSee Weithamp, ot ol {1973) A Hom, Geng

HPF 332,084, varioug shorter forms of HSAL Some of these fragments
mehuding HESA{L-373), HEA{1-328), HEA(L-389), HEA(I-369), and HEA(T-415) and fragments

iy

albumin fragments that inclode HEAL 1T and

g
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et
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e
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ston proteins can be found In US '?,(}St’?,'?{}l, Us &,,9334,85?, Us {'éﬁ}»%ii‘:@,'i 34, Uk 0268
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s for pegyiation and addiionat
formulations contattung PEG-conjugates {Le, PEG-based hydrogels, PEG modified Hposonues)

cart be found in Harris and Chess, Nature Roviows Dirug Discovery 25 214-221 and the refercuees

2

therain, Agoats can alse be modified with alkyl groups {e.g., U1-C20 strai

e

; and combinations of PEG, alkyl groups and fatty
118, Patent 6,309.633; Soltern ¢t al., 2001 Innovations in Pharmacoutical Technology 1086110,
The agent can be administerad via a nanocochleate or cochleate delivery vehicle (BioDelivery
Sciences loternationad ). The agents can be delivered transmacosally {Le. acvoss & mucosal

surface such as the vaging, oye of 15} us:img formulations such gs that deseribed in ULS.

bre formulated in s

apanoemulsion

Foand ULS, 0,493,128, The spent can be delivered using

bed in WO G1A1T28AR,

a

fornuintions de

Controlled

2
¥

in geveral, one cun provide for controlled relesse of the agemts deseribed herein through the ase

of 8 wids variety of polvmerie carrers and controlled release systony inclading grodible and

§7
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water-swellable, srodible, or solable polviner, which mayv generally be described as an

2 (&. oF

\,.s

et o water-swellable polyvmer. Rach polviiers muay be linear, branct

wrosslinked. The polvimers may be homopelymes or copobymers. In centain smbodimenty, they
- PO S : WY A p ) i SN i ; ceayr bayt s R Ty B et g v NP NI, S e
may be symthetic polymers derived from vinyl, acrylate, methacryinte, urethane, oster and oxide

monemars. I other ambodiments, they can be derivatives of nutorally securring polvmers such

a5 polysaccharides {o.g. ohitin, chitosan, dextran and poilulan; gom

Raraya, lovost Bean gun, 2w irsgecanth, cgrrageenans, g ghaﬁi, guar gum, santhan gum a

sclerpglucan), starches {e.g. dextrin and malodexiring, bydrophilic solloids (e g pucting,

shosphatisdes {o.g lootthing, slpinates (e, anmonium slginate, sedium, W

alginate}, pelatin, collagen, and cellolasivs.
g}{}ﬁi}-‘a'isr ihat has been maditied by reaction of at feast a povtion of the hydroxy! groups on the
saccharide repeat unts with g corapound o form an ester-linked or an sther-linked subsiitvent,

For example, the cellidosio othoel cellulose has an ether Hoked ethyl substituent sttached to the

an ester hnked segate

»/

saccharide ropeat unl, while the oo liuimzu cetlulose
subsiituont, In cortain embodiments, the u.ﬁ hulosics for the erodilile matriy Comprises agBEous-

¢ ang agueous-erodible collulosics can include, for example, othyl cellulosy {80

vt cellulose (MEQY, carborymuethy! celinlose (CMO}, CMEC, hydro

cyethvl cellulose

vadroexypropyl cellulose (HPO), cellulose acetate (CA), callulose propronate (TR},

e butyrate {028}, celludose acetate Dutyrate {CAR), TAP, CATY, hydroxypropy! methyl
cellulose HIPMIOD), HPMOP, HPMCAS, hvdroxypropy! methyl cellulose acetate timeliftate

oy
23
(’}
4
ol
gt
i
)
ot
ot
-“
sy
b
frm
~
s
3
£

{HPMOATY, and ethvibvdroxy ethylcellnlose (BHECY. In cortain smbeodi
comprises various gradex of low viscosity (MW less than or egual to 53000 s‘ia.‘sr:‘_sms, for

& Dovw Methooel  serfes B8, BISLY, BSOLY and KIDDLY) and high viscoshy (MW

¥ asevtesy HFMC, Other commercially av iabimypa& of HPMC includs the Shin
Eisu Metolose SUBH seres.
The choize of mateix material ean have a larpe effect on the max

atfained by the devier as well ax the mamtenanse of a high drug coneentration.

suaerial can be g seneeniration-enhancing pelywer, for examplie
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Qiher mgterinds useful gs the erodible murix material include, b are not Hmited to, pulhslan,

o

pobrvingl |y atoohol, polyvinyl scotate, givoero! gty acid esters,

]
H

pelyvacrytamide, palyacrylic acid, copolymers of sthacrylic acid or methaeryiic

{EUDRAGITO, Rolun Ameries, Inc,, Piscataway, Noew Jersey) &

2 ,,z

such as homopobyers and copolyvmers of butvimethaervlate, methyvimethaorylate,
Efn{:thacz‘yiam cm}fiam}i'ﬁw, {(Z-dimethylaminoethyl} methacrvlate, and

yv-)'
'-.L.v
2
'.Z
e
u.-
23
o3
o)
ki
gt
ia
o
«-4
a,a
.)
1..2
]
oy
4«
et
[
A
{'.‘
Z’J"
L.-.A
te]
y-v
B
w

N

dible maairix polymer may contain a wide varioty of the same types of additives and
excipienis known in the pharmaccutical anty, including osmopolymers, osmsgens, solubility-
snlmnoing or-rofovding ngents and exciptents that promote stabilily or processing of the device,

pa-]

Alternatively, the agents of e prosent disclosure may bo administered by or incorporated into 8
non-crodibie matrix device. In such devices, an sgent desoribed hervetn 1 dstributed in an nen
insion ﬁ}r{mgh't}m mert matrin, Examples of materials

o plastics {g.g methyl acrviate-methy! methaorylate

o + .¢

nyl chiluride, polyvethylene), hydrophilic polymers {eg otivl cellslose,

sellulose seetate, crosslinked polyvinylpyrrotidone {also known as

compords (e carmmndas wax, microorvstalline wax, and nglycerides). Such devices are
deserihed further in Remington: The Science and Practios of Pharmacy, 2(th odition (20003

¥ . 1 -y

*atrix controlied velease devices may be prepared by blending an ageni deseribed herein and

i
et
b,

@

,
,
ot
e
bt

sthor exciplents togother, and then rming the blend into a tablet, caplet, pill

[

¢ forees. Such compressed devices may be formed gelng any of & widy

3

1w fabrication of pharmaceuiical devices, Bxamples faviude single-

panch presses, rotary fablet presses, and nultilaver rotary ablet presses, all well ¥nown in the

,M
o

art. See for example, Remingtoss The Science and Practice of Pharmacy, 20th Editon, 2004,

compressed device may be of any shape, including vound, oval, oblong, oylimiviceal, or trlangaia
The vpper and lower surfaces of the compressed device may be flat, round, concave, or convex,

{y cortain emboduments, when formed by compression. the deviee has a strength of' @

R
3

; . o
Filoponds (Kpdom® (b sxample, at leust 7 Kp/om©). Sirength i the fracture foree, alsn kntwn

et
fod
(S
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%

a8 the tabiol bardnoss required to fracture # tablet formed from the materialy, divided by the

3.

naximum oross-sectional arca of the tablet normal to that force. The fractare force may be

o
:’Cv
=
b
]
&
ok
o
R
22
,.,
[y
e;}
|52}
4]
ol
|9
[
o

44
1253
At
ol

g
[}
P
ol

stet Hardoess Tester, Meodel 60 The compression force

reguired 1o achieve this strength will depend on the siie of the taliles, but general

greater than about 5 ¥ ont, Prishil ity iz 3 well-know megsure of 2 devies's resistance © aurface

L

shrasion that measures weight loss in percentage afler subjecting the device to & stanstardized
agitation procedurse, Friabilivy values of from 0.8 t0 1.0% are z‘&g:‘zr;,iei.‘i as constiluting the upper
ot of acceptability. Devices having a strength of greater than 3 kP/om” generally are very
robust, having a fnability of tesy than 0. §%. Other methods for feming matrix controlled:

refease devices sre well known in the pharmacestical arts. See for example, Remington: The

Science and Practive of Pharmacy, 20th Fedition, 2000,

Asg noted above, the agents deseribed herein may alse be incorporatad into an osmotic contenl

¥ =y N
H

wrally include a core containing one or more agentys aa dosuribed hereln

and & water puxmenble, non-dissolving and nos-eroding coating surrounding the core whish

sontrols the infiax of water into the core from an aquecus environment of use 80 8% o canse drug

refesse by exivusion of some or all of the core to the environment of use. In coedain

ewmbodiments, the coating iz polymeric, aqueous-permeable, and has

I.'j«
o
el
o
&
>
¥
™
[
('.‘{
et

The core of the esmatic devies optionally includes an csmotic agent which acts to i

&

12

from the surrounding onvirpament via such a semi-permeable membrane.

v N N

contained i the core of s device may be an agueous-swellable hyvdrophil

be an osmogen, alse known as an osinagent. Pressure is generated within g

forces the ageni{s) vut of the device via an ovtfice {of a size designed ® minim
diffusion while preventing the build-up of o hydrostatic prassure head).

Osmedic sgenis oraate a driving foree for transport of water from the environment of use it the

nts inclode but are not Hmited to water- swellable hydrophilic

polvmery, snd osmogens { agens) Thus, the core may include water-swellable hyvdrophilio

polymaers, both fonde and nordonie, ofien reforred 1o as osmopolvmers and hydrogels. The
amonnt of water-swellable hydrophilic polymers present in the core may rangs from about 8o

shout B0 wilé {inclading for cxample, 10 to 50 wi%} Nonlimiting examples of core materials

of

tand acrylic polvmers, polysaccharides such as caletom alginaie,

inchude hydrophilic vingt
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xide {PEQ), polyvethyiene giveol (PEG), polypropyviens glyeot (PPG), poly -

rexyethyl methacrvistes, poly {aorviic) acid, poly {methaoryvlic) acid,

ay! aleohol (PVAYL PYAPYE copoly

.v

osslinked PVP, poly
vithy hydrophobic monomers such as methyl methaoryiale, virgd see

sphilic pelvursthanes containing large PEO blocks, sodium croscarm

R

rydroxyvethy! eellulose (MECQ), hvdroxypropyt celiulose

SR
&
s

£
)
pasiss
£
et
o]
b’
v
o

(HPEMO), cavboxymethiy] sellulose ({CMCh and carboxvethyl cellud

A

sodivm alginate, polyearbophsl, gelatin, xenthay gum, and sedivm starch glyeolst

materials include hydrogels comprising interpenetrating networks of polymess that may be
formed by addition o 3"%},\;:‘ condensation polvmerization, the components of which wmay comprise

Water-swetiablo

tened Himited to FREO, PEG, PVP, sodiun oo

anch as those just mentioned,

12

oryiic acid and crosslinked versions ormy

The core may alse mehnde an ssmogen {ov osmagent). The amount of osmogon present . the

core may range fom about 2 to about 70 wi%h (including, for example, from 10 to 50 wile)

o water-soiuble organtc geids, salts and sugars that are

srchy effect an osmotic pressure gradient across the barrier ot the

surrowrding coating. Typical usehul osmogens include bat ave not imited to magnesiv

chioride, calehwm chloride, sodium chloride, lithium chloride, potassinns sulfate,

1

sudium carbonate, sodium sulfite, Hildum sulfate, potassium chloride, sodivrn sulfide, munnitod,
33

xyitbol, wres, sorbitel, mositol, ralfinose, suorose, glucose, fructose, lactose, oo aoid, suoamie

soid, tartarie soid, amd mikiures thereoll In certain embodiments, the ssmogen v glucose,

lactose, sucrose, mannitod, xylitol, sodivm chioride, including combinations thereof

4',—4-_,

The core may ivohude 8 wide varfety of additives and excipients that enhance the porlormuance ¢
the dosgge S o that promaote stebility, tableting or processing. Such addittves and exaipients

Ry

include tableting aids, swrfaciants, water- solehle polymers, pH modifiers, fillers, binde

pigments, disintegrasts, antioxddants, ubricants and fovorants, Monlimitng sxamples of

whude ot are not imited 1ot ¢ elsewhers herein a8 well

ay miferocrysialline ceBlnlose, metallic salts of acids (e.g. aluminum stearate, caloilan stearats,

g:/;
& ré
TML
o
[44
71
&
Z
i
/nf
et
%
prs
1)
P
s
kel
o
Lo
frtogs
o]
&%
o
@
i
f'\
7.‘.(;
53
b9
o
L

rate}, pH control agents {e.g halfe

132
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¢ acid salts, organic and inorganic bases), fatty acids, hydrocarbons and fatty

tev
i

id, Hquid paraffin, steary! aleohol, and palmitod), fain

carates, trighveerides, glycenyv! {palmitiostearic} ester,

sorhilan cslors in;. orbitan moncsiearate, saccharose mopostearate, saccharose monopalmitate,

5 sodiomg steary! fanarated, polvoxyethylene sorbitan esters), surfhotants {o.g. allovl sulfams {e.g
sodium fauryl sulfete, magnesiom laaryl sulfate}, polyvmers (e.g. po
polyoxyethviene glvcols, polyoxrvethylene, polvoxypropyiens ether

ot
tumna

thereol}, pobyletrativorostlyiene), snd tnorganic materials (e ¢

b

evciodexiring, sugars {o.g. lactose, wylitol}, sodivm starch glveolate) Nonl

[t

s

¢ disintegrants ave sodivm starch giveolate (e, g, Bxplotad CLV, tmicrocrystaliing celiniose (.

L . P g . oy TR s . P
@, Acvigel ), microorystalline silicified cellytose (eug, ProSolv ), cruscarmeliose sudhan (e g,

13 i

Ac-Di-Rot ) When the sgent deseribed herein is 8 solid sinorphous dispersion forme

7
£
e

e
23

< 5o

solvent procesy, such additives may be added directly to the spray-drying solution when fosming

an agent desoribed herein/concentration-enhancing polymer dispersion such that the additived

aa (Lf—ﬁ

ek
i
o
fussid
s
b2
*
feiw
v

ad o suspended i the solaion as a slurry, Altomatively, stuch additives mas

following the spray-drying process o aid i forming the final controlled reloase doviee,

an osmaotic device consists of one or more drug

vas a solid arvorphous drog/polymer dispersion, aud o sweller layer

X} that compriges ¢ water-swellable polvmer, with a coating swrounding the drug laver and swellos
taver. Bach laver way contain other excipionts such s tableting aids, osmagents, surfactands,
B T e TN VTS xrend ] o vy RNy
water-soluble polymers and water-swellable polvmers.
Such esmotie delbvary devices muy be fabricated in various geometries including bilayver
25 corg comprises a drag laver and g sweller layver adinesnt 1o cach other), trilaver

eove gomprises & sweller lover sandwiched between two drug layers} and concestris

he core comprives s central sweller agent surrounded by the drug laven). Thee

of such @ tablet comprises a membrans pornweable to water but substastially impermeable

»
and exopients contained within, The conting containg 0ne or MOTe eXil PASSEELWAYE O
3 communitation with the drog-contmning laver(s) for delivering the émg agent, The drug-
contatining layeria) of the core condains the drug apent (neludin
103
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a difficult-to-coat region on the tablet by use of special

The osmotic devige van alse be made with a homogeneous core surrpunded by a semipermusble

A
e,
i

nenrhrane voatiy

LA

. aw i US3848770. The agent desoribed herein can be fncorponsied o a
tabiet core and 8 semipermeable membrane coating van be applied via conventional tablel
woh as using 8 pan coater, A drug delivery passageway can then be fomed &

& role in the coaling, either by use of a faser or mechanies! mzans.

eway may be Ramed by rupturing o portion of the costing or by oreating

N

at is difficalt to cont, as desoribed

mnt

¥ g orogion on the tab shove. In one embodimnent, an osmote

o

device comprises: £a) 8 single-aver compressed core comprising: (1) an agens desoribed herels,

(it} a hydroxy {‘3}"33&:&&1&3\‘:& angd {111} an camagent, wherein the hvdroxyethvicellulose s prosemt
1 e cove From abowt 20% foabont 35% by weight and the osmagent i3 prosent from abou

18%% to about 7% by weight] () & water-permeable Taver sorrounding the core; and(

bN

IS ome passageway within the water-permeable laver (b} for debivering the drug to a fhapd
BIR A o D . B D g g S i erede s Eeg Viven -‘-:,n. o8 B . ¥t
envirement swrroambing the tablet, In cortain embodimenty, te device ix shaped such that the
b i "i o
atio {of a water-swollen tablet) s greater than 8.6 mm™ {ncluding, for
example, greater than O mm™), The passageway connecting the vore with the fludd ¢
can be sttuated along the tablet band ared. In certain embodiments, the shape (s ang
30 where the ratio of the tablet woling axes, i.e., the major and minor axes which defing ¢

N

of the tablet, are between 1.3 and 3 {inciudir &, for exampie, botween 1.5 and 2,53 o one
subodiment, the combination of the agent deseribed herein and the osmagent have snaverage
duetility from abowt 100 fo agbout 200 Mpa, sn average tensite strength From about 9.8 to aboot

A, und an sversge brivtle Fracturs index less than shout €.2. The sin j'e«ia\'cr COTE MIEY

25 optiopelly inchide w distndesrant, ¢ bipgvatlability enhancing sddittve, andior 8 pharmacowioally

coptable excipient, carrier or diluent,

o

B cortain envhodinments, ontrainment of particl]

e

o8 of agents deoscribud herein in the extruding Thad

able, For the particles to be well enwwained, the

1 osmotie device 18 deg

31 agent deug foom e dispersed in the Huid bedore the particles have an opportunity fo settien the

tabrlet eore. Une mesns of acvomplishing this is by adding o distntegrant that serves © broak up
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csged Core indo s particulate compenents. Nonlimiting examples of standard

erials such as sodiwn sturch glveolate (e.g, BExplowad  CLV),

2

1se (e g, Avieel ), microerystalline sificified cellulose {o g, Pro

e e R . .o ¥
soium {2, 8., Ac-Di-Sol ), and other disintegrants known to these s

4

the st Diepending upon the particudar formulation, some disintegrants work better than othors,
Several disintegrants tend o form gels as they swell with water, thus hindering drug Js:hm

evive. Mop-gelling, nor-swelling disintegrants provide amore rapid dispersion of the

drug particles within the core as water enters the core. In certain x:mi:*(:sdimemsg i ziwg g

L
=
"3
et
o
.
ot
5
3
&y
7
%5
o]

swilling disintegranis ave resing, for example, ion-exchange resing, In one emb
. N P R . )
& Amburiite  IRF 38 (svailable from Rolun and Haass, Philadelphia, PA) When used, the

disintegrant {8 present i amounts ranging from about 50-74% of the cove agent.

Water-sotudle polymaers are added to keop particles of the agent suspended inside the devies
before they can be delivered through the passagewayd(s) {o.g., an ortfice). High visvosity

polymers are useil in preventing settiing. However, the polymer in combination with the agend

is exiraded through the passageway{s) under relgtively Jow pressures. At a given extrusion

prossure, the oxirusion rate typically slows with incressed viscost

cornbination with pardt ¢ agent dexcribed herein {brm

but are still capable of boing extruded from the tablets with a redatively low foree
polyniers having a low weight-gverage, molecular weight {< about 300,000} do not form
sufficiently viscous sohutions inside the tablet core to allow complete delivery dug o pzmi:;:ic
settling, Setiling of the particies is @ problem when such devices are prepared with no polyme

:

added, which leads to poor drag delivery valess the fablot is constantdy agitated to koo the
— g k

particles from setiling inside the cors. Scttfing iy alse probiematic when the purticles are large

&

anddor of bigh donsity such that the rate of setiling Ing

In ceriain embodiments, the water-soluble polymers for such ssmotic devices do not interan

with the drag. Iv corfain embodiments the water-soluble polyimer 1s 8 non-lonic polymer. A

noniuniling examplz of @ nop-tonie polymer forming solotions having & high viseosity yet sl

b PR "y : "y
trudable at low prossiges is Natrosol 250H (high molecular weight

available fromm Hercules ncorpons

106
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>

this olass of sustaimed release devices may also be multilayered, as desoribed, for examply, in

T \'% e A YN
RN el
Ll; 3 b SR,

When an agent deseribed heretn is a Hguid or oil, such as g Hpid vebicke Svomlation, fox
example as deseribed fnn WOGS/A0 11634, the ssmotic controlledirelease devive may von
soft-gel or gelatin capeule formed with g composite wall and comprising the Hagu

whern

the wall comprises a barnier laver formed over the external swrface of the caps

3

expandable layver formed over the barrier laver, and a somipemneable aver formed over the

expandable laver. A delivery port conmects the Hguid formulation with the agusons ase

guvironment Such devices are described, for example, tn USH4IH982, U

URGG72830, US4ASITES0, 184203440, and US309363 1L,

The csmotic controbied release devices of the present disclosure can alse comprise @ ceating. in

coriain embodiments, the sstnotic controlied release device coating exhibiis one or more of the
following features: is wal -«pumca‘%k has at fogst one port for the delivery of drug
dissoltving and non-eroding during release of the drug formulation, such that drag s su

entirely deliversd Swough the delivery port{s) or pores as opposed o delivery primarily vis

permestion through the coating material iself. Delivery ports inchude sy passageway, oponing

or pore whether made mechanically, by laser drilfing, by pore formation sither during the coating

process or fosife during use or by ruptwe during use. In certain embodiments, the coating s

present i an amowd renging from abont 5 to 30 with (including, for example,

rolative o the core weight,

One form of costing 18 a semipermesble polymeric menrhrane that hax the portfs}
gither prior 0 or during we. Thickness of such 2 polymeric membrane may vary botween abost

L e I

20 and 804 @ (reladiog, for cxample, between about 100 1o 500 pm). The diameter of the

(3.1 1o 3000 gm or greater (inchuding, for
exarnple, from about 30 10 3000 gro in diameter). Such port(s) may be formed posteoating by

mevhanical or laser drilling or may be formed i size by rupture of the coatings: such rupture

may be controliad by ntentionally incorporating a relatively small weak portion fnto g

.
s
%
Q
b
P
22
Fou
o
ot
i
g
5

N 4.

Trelivery ports may also b formed @2 site by erosion of a plug of water-soluble matenal or by

\

ruptere of a thinner pordon of the coating over an indentation W the sere. Iy addition, delivery

108
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ports may b

¢ formed during coating, as i the case of asymmetric membrane coatings of the type

ad

098220, The delivery port miay be formed in site by raptore of

olosed 3 LSS

-

11

o coating, fov exmuple, when g collection of beads that may be of essentially identical or of s

3

1y released from such beads biimving wupturs of the

.
o

a varubie sgent, the agont may be chosen such that the beads rupture st

cadminisiration, resuliing in the overall release of drug heing sustained

av be dense, microporous or asymmetrie, having a denser vegion supported by g thick

ion such as those disclosed in USA612059 and USSER3220, When the eoating {s densg

ut be composed of & water-parmeahie material, When the coating is porous, i way

b <
E‘

composed of either a water-permeabie or 8 water-img

g 8

/

crrneable material, Whan the couti

fmpermeable matertal, water permentes through the g
v a vapor. Noalimiting examples of csmotic dovies tha

5031 aud US3R437T70. Such dense coatings are permesbi

{haid such as watsr and may be composed of any of the materials mentioned iy these pe

atso be porous as disclosed, for example, in USS634003 and UISS4SE887 o

from weterresiatant polymers, USS12034R deseribes srother suiable process

s from g nuixture of & water-insoluble polymrer and s teachable waterssoluble

addrtive. The porous membranes may also be formed by the addition of pore~-formers as

dizclosed in US4S123008. In addition, vapor-permeable couatings may even be formed from

extramely hydrophotue materials such as polvethyiene or polyvinlidene diftuond
dense, are ossentislly wter<impermesble, a3 long as such costings ave porous. Materials usefnl

el

in foraing the voaling include bat are not Hmited to various grades of sorvlie, vinyls, vthory,

polvamnides, polyvesters and cellulosic derivatives that are water-permeable and water-insohubde at
mhrvsiciogically relevant pHas, or are susceptible 1o being rendered water-insoluble by chomdeal
allgration such gs by crosslinking. Noplimiing exanmples of suitable pobvimers (o crosslinkad

versions) nsefud i i

ing the opating inchade plasticized, mipiastf iotzed and retndorred cellndose
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acetate butyrate (UARY, CA ethyl cwbamate, CAP, CA methyvl carbamate, UA suveivate,

vetitate {CAT), CA dimethylamineacetaty, T4 sthyl sarbonate, CA
chioroacetate, TA ethyl exalate, CA methyl salfonate, CA butyl sulfonate, CA picluene

sulionste, agar acotale, amylose triacetate, beta gluvan acetate, beta glucsn triscotate,

acetaldehvde siime‘ih}f‘i acetate, friacetate of loonst bean gum, hydrodated sihylene-vinyiacetats,

3, PPG, PEGHYPPG copolymers, PVP, HEC, HPC, CMO, CMEC, HPMC, HPMOP,

FCAS, HPMCOAT, poly {aorvhic) acids and esters and poly- {methsoryhio) acids and osters

snd copolymers thereof] starch, destran, dextrin, chifosan, collagen, gelatin, polvalkenes,
polyethers, polysuifones, polvethersulfones, polystyrenes, polyviny! halides, pobyvinyd &

cthars, natural waxes and synthetie waxes, In various exnbodiments, the coating agent comprises

%

a cellulosic polymer, o particalar cellulose ethers, eeliulose exters and cellulose ester-cthers, L,

celudosic dertvatives having s mibxtore of ester and ether subsittuents, the coating materials are

celluiosic m»;ﬁ}«ﬁ:mr and ?E\_ﬂs? the c.s:}ating comprises caihulose acetats and PEG

s

1 conventional fashion, typically by dissolving or suspending the conting

l-?
£
&

(4
Z

Coating s conda

material in @ solvent and then voating by dipping, spray costing or by pan-couating, In vertain

S

entboduments, the coating solution vontains 310 13 wits polymer. Typlead solvents wseful with
the cellulosic polymers mentioned sbove include but sre not limited o acetona, methyl aceiate,
ethyl avetate, isopropyd acetate, w-butyl acetate, methy! isebutyl ketone, methyl propyl ketone,
ethylene glyeol monoethy! ether, ethyiene glyeol monoethyl acetate, muthvlene dichioride,
sthylene dichloride, propylene dichloride, nitroethane, nitropropane, tetrachloroethane, 1.4-

dioxane, erabvdrofiren, diglvme, water, and mixiures thereof. Pore-firmers and non- sobeenta

in any amount as long s the p\:ixmm remains soluble at the spray wemperature, Pore-formuers and

<

their use in fubricaling peatings are described, for example, in USSBI205%. Coatlngs may also

A S R A S y - RS- S
HHed with 8 gas ond are

b hydrophobie mtoroporous fayers wherein the pores are substantially

net wetled by the agueous mediom but are permeable to water vapor, as disclesed, for example,
wvdrophobic but water-vapor permeable contings are typivally composed

of hyydrophobic polymors such as polyatkenes, poalvacrylic soid derbvatives, pol
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polysulfones, polyethersalfones, polystyrones, polyvinyl halides, polyvimy! esters and sthers,

N

nabural waxes and synthetic waxes, Hydrophobic microporous coating materials inchude but arg
pot Hmited to polystyvene, polvsulioues, polvethersuliones, polyethylene, polvpropyiong,

3

polyvinyl chivnide, polyvinylidene Suonde and pelvietrafluorocthylene Such hvdrophobic

3 cosfings can be nade by bnewn phase inversion methads using any of vepor-guench, Buud

%

&, thermal processes, leaching soluble material from the costing or by sinlering woating

X

varbicles, In thormal processes, & solution of polyvmer i g latend selvent 13 brought o Hauid-

yd phase separation in g covling step. When evaporation of the solvent is not prevented, the

resulting menswane will typically be porous. Such coa mig processes may be conducted by the

18 processes disciosed, Yor example, in US424749%, UIS440043 1 and US4744006. Oemotio

controlisd-refease devices may be prepared using procedures kaown in the pharmuceutical arty,

See for sxample, Remingtore The Science and Practice of Pharmaey, 20th Edition, 2000,

As further noted above, the agents desoribed herein may be provided m the fiwm of

ia

micropartcuiates, generally ranging in sire from shouot 18pm to sbout Zmm {includmg, for

sbout 1001un o fmmin diameter). Such multiparticulates may be packeged, Ky

Ed

apsule such as a gelatin capsule or a capsule formed from an aguesus-sohubie

N, HPMCO or starch; dosed as a suspension or slosryin a Bguid | or they

, capiet, or pill by conpression or other procusses known i the art,

=4
e

uch nntipariicuiates may be made by any known process, such as wit~ and dry-granuiation

processes, extrusionspheronization, roller-compaction, melt-congealing, or by spray-cot

seed vores, For exatmple, in wet-and dry- granulation processes, the agent deseribad heretn and

2

optional] excipienis way be granalted to form moltiparticudates of the destred wize. Other

excipients, such as a binder {e. g, microcrysialline cellulose), mayv be blended with

fed

o forming the multparticulates, In the case of wet granulation,

¢ may be included o the gravulation fluid to mid &

miliipartioulate: Soe, for sxample, Remington ¢ The Science and Practice of Fharmagy, 20
Sditton, 20000 Ioany case, the resulting particles may themselves constitute the therapeutic

smpesition o they may be coated by various film-forming materiale suck ay srverie polymers

or waler-swellable or water-soluble polymers, or they may be combinesd with oth

¥ SRUipHents or

Py
o
-
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Sutlable pharmaeeutical compositions in accordance with the disclosurs will generally v ingiud

33

amount of the active a,smpmmdi\s\ with an acceptable pharmaceutical dila

28 ¥ stortie aguenas solution, to g

ive g range of final concentrations, depending on the
wse, The techaigues of preparation are generally well kniown in the st as exempli

Remington's Pharmaceutical Sctences (18th Edition, Mack Publishing Company, 19951

The agents described heretn and combination therapy agents can be p ackaged ns & Kit that

Teverd s b oveverbes ¢ wvyi i : vin o W S I S
includes single or multiple doses of two or more agonis, each packaged or formulatos

vw
/w
for
st
pord
e

inéividu;:ﬂi}-‘, or Séﬂg, o mnitiple doses of two or mors agents packaged or formuln
Us, 0T OF M0rE agents can be prosent wn st contamer , and the kit can
{isgt:ienaii}! inctade one or more agents in & second vontainer, The container or conlainors sre
aced within a package, and the package can optinnally include admirdstration or iimsag-a
festrustions, A kit een include additional components such as syringes or other means fir

«ofl as diluents or other misans B formulation.

Thas, the kits can comprise: 8} a pharmaceutical composition comprising sn agent deseribed

herem sid & pharmasestivally acceptable carrier, vebicle or dilpent; and b)Y & conttainer or

packaging. The kits may optionally comprise instructions desoribing a methad of osing the

pharmaceutical compoesitions in one or more of the methods deseribed herein {o.g, disorders

assoctated with fluld and sodivm retention (such as diseases of the electrolvie-water/elecirolvie

e

transport systom within the kidoey, gut and wrogenital system, heart fatlure {o.g songestive hear

fmilore including heart fallure at sny of stages IV according to New YVork Hears Association

p=

{MNYHA) Functions! Classifieation), hypertension, salt dependent forms of high hlood prosew

ey dizease, polyoystie kidney diseuse) and gastroing

ulity disorders, chvonic intesting] psondo-obsiructic

&, duodenogastric reflux, dyspopsia, functionad dyspepsia,

pahan feus.

112

(83, 0 dorc

gastroiniestinal disorder, funciional heartburn, gastroesophageal

syndrome, post-operative Hew, nlesrative
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ey
and s
s

constipation ass withy use of opiate pain kyllers, post-surgical con
constipation associated with nearopathic disorders as well as other conditios

described hereing) The kit may optionally comprise @ sevond pharnuweatice

i;’-i’?i'i‘“ﬁl%li“‘ DRI OF IS AER0T

cents including bui not Hnvited to thos
agents, an sgent used o treat howt fadlure {Dhureties (oo, furesontide sy}, bametanide
{Bumex), ethaerymie seid Hdeorny, torsemide (Demadex), anulonde (Midamor), spironslactons
{; ‘\h}.d*%mm}? canvenone, chortiazide {Diunl), metolazone {(Zavosyivadl Anglolension-
oaverting Enayme {ACE) inhibitors {o.g captopril {Capotan), enalopril (Vasoten), Hsinowit
{Printvil, Zestril), ramiped] {Altace)), Beta blockers {e.g. carvedilnl {Coreg) and Inotropes {e.g

s 2 - .

dottainuing, depaming Milrinone)), a phosphodiesterase inhibitor, an agent used o

real gastrodntestingl and other disorders (neluding those deseribed horein), an agent used o treat
comstipation, an spizdiarrheat agent, an msulin or related compound (noluding these deserihed

heveu), an anti-hyperiensive agent, an agent useful in the treatment of respiratory and other

o

.

diserders, an ant-obosity agend, an anti-diabetic agents, an agent that sctivates soluble guanylate

cyclase and & pharmaceutically acceptable carier, vehicle or dilwent. The pharmacsutics!
COIMPesition comprising the compound desenibed hevetny and the second pharmuacentioal
compostiion contamed in the kit may be optionaltly combined in the same pharmaceuticsl

composition.

Ak includes s contginer or packaging for vontaining the pharmaceutical composttiony and may
slso include divided contaipers such as a divided bottle or g divided foil packet.
san be, v cxample @ papsr or cardboard boy, & glass or plastic boltle or {ar, a8 re-seal:

3

{for example, © hold 3 "rofill” of ablets for placement indo a different contals

pack with individual doses for pressing out of the pack sccording to g therapeutic schedule. Itis

toastbie that more than one container can be used together in g single package o markst & single

1

aze form, For example, tablets may be contained in a boitde which is o tum contained within

o~ A g 3o

A exampde of a4 kit is a so-ealied bhister pack, Blister paclks are well knowas in the packeging
£2 W pe

wmdustry and are being widely used for the packaging of pharmaceutical unit dosage forms
{tublets, capsules, angd the like) Blister pucks generally consist of a sheet of relativels
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waterial coversd with s foit of g p‘szfcmhiy frauspavent plastic materisl, During the packaging

Proveas, recesses sre formed 1o the plastic fl The recesses have the sive and shape of in

tubiets or capsules o bo pucked or may have the size and shape to accommeods

e
f oo
o

¥
w5
&®
>4
1w

o
pei
L)
[
ot
%
i
-
r
%
o
&
5

5
%
j

anilor capsules to he packed. Next, the tablets or caps
i

et of velatively stiff materiad is sealed ggainst the plastic fofl at the face of the foil
sily sealed or collectively sealed, ay desired, in the recessss
ferably the strength of the sheet is such that the tablets or capsules

van be removed frons the blister pack by manually applving pressure on the receases whereby an

opeaing s fonmed m the sheet at the place of the recess. The tablet or capsule can then be

s o provisde & written memory aid containing information anddor Instractions

for the phys

<Y

v, pharmarist or subject rogarding when the medication {8 to be tabon. A “daily

dose” can be g ungle tablet or capside or several tablels or sapsaias to be taken on 8 given day.

can consist of one tablet or capsule while a iiaii}f d{ES" of another one or MoTe compoyiiom

(

ceral tablets or capsules, A kit can take the form of a disponser designed

o dispense the daily doses one at & time in the vrder of thelr intended use.

eguipped with & momory-aid, so as {o Rerther facititate compliance with the regimen. An
exammprie of such & memoryv-aid is o mechanical counter which indicates the wanber of daily

2

dagses that have been dispensed.  Another example of such 2 momory-aid is 8

1 3

micra-chip memory coupled with & Hauid orvstal readout, or audible reminder signal which, fur

example, reads out the date tha the last daily dose has been taken andfor reminds one when the

nextdose s 1o beaken,

Tethods o incrgase chemieal andfor plivsical stability of the agents the desoribed hergin are

ound i ULS, 6,341,600, LLS. 6,668,830, US, 6,124,261, LS

LB, 20030068182 {rin the additon of nicetinamide), U

L LLS 2002004

ection in which the recesses were formmed. As a rosult, the tablets or
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W OF/0T4304, WO R/G0ISZAL, WO SB/O0ISTAL, WO SO/12029, WO O0/04380, and W

QIAMTES, WO 97/047948 and the references cited therein.

¢ Woavatiability of the sgents deseribed herein arg foand

ULR, 20030108618, WO 007013

10, WO 0468, WO D943

ate can also be used as an absorption enhancer {see, e.g.,

WO UN00306 disvusses Ulex curopacus T {UBAD and UBAT mimetics which may beused 10

target the apgents deseribed herein fo the G tragt, The bicavailability of the aponts deseribod

&

erein can alse be incrased by addition of oral hicavatlability-enhancing agents such ay those

TN

eacrfbed in ULE, 68 IR61S including but not Himited to: eyclosporing (ncluding evelosporing A
strough & as defined in Tablo 1 of ULSL 6,818,613}, for example, cyciasport

svelosporin B ovelosporin T3 dihvdre ovele
sygiosporin ¥, oyolesporin D dilydeo oycios

sporin A, dibivdro cvclogponn

Me-He-di-oyclosporin (8D2-NIM 8111} {both from Sandoe Pharmacentical Corp),

peptides produced by species in the genus Topycladinm); antifungals ncleding
bt not lmited o keleconarole; cartinvascular deug inchuding hat not Hmited to MR-208

S, 2 & S

{BASF}, amiedarone, nifedipine, reacrpine, quiniding, nicardipine, cthacrynie acid, propafenene,

reserpine, amdloride; anti-nrigraine natural products inchuding but ret Hmited {o orgot alkalolds;
antibiotios molading but not mited to celoperarone, tetracycline, chloroquine, fostmyve
antiparasitios including but ot Hmited 1o vermecting multi-drug resistance roversers ingdluding
but not himited o VX710 and VX853 {Vertex Pharmaceutical Incorporated); tyrosine Rinese

a 32

hibitors moluding

i
s

P

rot not imited to genistein and related isoflavouncids, guerceting px‘uiﬁiﬂ

b

fnase U inhibitors including but not limited to calphosting apoptosis inducers inchding

hmmited 1o oo re'ﬁ'ni(ies; and agents active against endorphin receptors including but not Hmtted o

tused 1o a modified version of the blood serumy protein

wansterrin, LLE, 20030231201, U8, 20040023334, ULR, 20030236155, W 84020454, and

WG4/ 019872 discuss the mamfscture and use of transforss

et

fuston proteins, Transforrn

fagion profeios may improve eircolatory half life and efficacy, decrease undesiveble side effects

angd allow reduced dosage.

ped

3197



gyiena
LOome

)
Ea

¥

Ty

g

& O 18 vi

acteria.

L

33

i
£

PCT/US2008/061205
gl in

aily, musesall

it

P

inant

ity reot

b

ered o

X
&

r’-

5
¥

irast

111 he adm

ad hergin can be reto
K]

ov agoaisis ¢

side

¥

&y
Py

c o~
L LIl

WO 2008/137318

o
e rrs el ) s
e g v s e, ks
. s 4 b =% ; .. o
% . % B el sho o B LB Sx L W g
o e PR = S T P AR oo S Y -+ A+ B
ot Ay \V <44 * o~ i IS ad, H ns ..zu f\.w
P N - & . . e . ey e 4
- s “ . o £ 4 -, y no po heasd o, e
[ pd b = fsod kS o hed o i, i~ by L) P
pire o) - s L] St R, et il pr s e 5 o, (e ey
b e pien s ot a0t ket =¥ ot o ] L Leed e
g 2R - % 4, s 7 e P e ey e
b [ o 2 et - Yy pras; o b - s [ -,
i . S g 2 on 5 o T e £
& . 5 £ i ey Pad - i = = , -
o . . Wy o o 7 A o vy B wR 5 .
3 & o, - Wt L P ke GEL e, - T, S Y
k1 M ) 5 R = et w2 enr e, N S S iy e
I PR ‘ K =W o R R e v oo
K] s RAEEE A — s e o [ et P TR en,
o P T - B P O VIR S o S e
o ooy o] s oy . ~he A Wi b s S RV A
3 5o e Bow oot o 2o oo oM UOEF
% by - ot B2 - N Ve s gl o b’ 5 . i
(5 oo 4 s i v » oy ) R Gge v I
B 5 g I B R~ B G oy Y e £
] s ] ] ¥ = % P T S R =
i o bl & gy g ot R [ e @
E oo wy oL BEE e 5 e B < T - - S
: : . ‘ ; X - > o
s R e I TR A S i [ 7 ) S T A A S
o 4 o ‘ot Losd P . [ s e, af o~ Lo i < e
Pl P ] o i A, st g o - ol - T e MU e
(sl o e - = [ I T > 42 o) g [ PR %
) Yy e i, R g s . Fera e an, Nt ot .- w4 £ -
hind B T G e T B e L2 WM B3 up W PR~ 1]
B o ) o~ R &4 Lo L. g L v - =S
Z ) RS FAA . S~ I~ B A B o L 5 e TR LTI
s L S A T A e 4D oY Lz PP S - CE
= & A1 o s K = % 3 e o] : [ [ R =
e i 55 i 5 o i ool o o} = < -~ . 5 vy Skl el oy P Vo)
(¥ <] “ plag = ; R R« - 3 A A o B o I -3
¥ - wuu S o= } P v Tem G o] gy s
p . Vi ] o * > i - fw) L) f
3] M s a7 ¢ o e w..... “3 3 = xM.v Yy e = =T N = :ﬂv‘ [
o S [ R A b T T R S « o ! I R A S R I
P S ¢ B ¥ i -~ e A oo Bl Lh R g s B
s <o, TR Lo R em e o A N A W [ A
o I =2 R o o ] » o o i . [l T ek Port fond 5 o
2 7 oo K A 5 oz B 2 z o vy o P T T s S Gz uD
ek [ oy “ E¥3 o 4 o~ 7 s ; faw] s i L e o~
=5 B oy % 4 b R Z L BE e 22 H o g o= A
P A o 7, il . ot p e pas) el v = = T adod ” ety £ 3
RS - S w D . B om w -T R e B oa ZE Y
o] % 3 . poes R 4 P yourt 5 3 -~ Py o Lot - 3
= s 2 b = oy o.ﬂ =, P = b b paec) Lo = i ot o o6 =
. et . " b P P = i ; - A W
e wd Nsm i o m «\%M i~ e o 3 W\Y ped uWunu Rt <o ot m..t\\.v ney o Py o
o) Wt =t ¢ 5 o] X i & = gy et ~ 2o ofy - w -
! sl = o o o - . ¥ 4] oy o ot = 15 ’ a2 e
O R B I Lo 2 = o= B & 2 &% 2 0% 2 X4 o 7 L
2 i o L3 [ a o] b o EJ.\\“ - ek ..\U - d o 127 ) P fa sl 7 7y
2o & E w P~ 2o A T e R I e
] * o ; ) 5 N fapee e oo ) fae) ; / ;
IR I B S L8 B o 5 a = o o7 oS o& 2 & B
o bl = mw o m o] o e PR ) ~ [} £y e il [ o~ Sh e
L 0B oB 8 o # R S A o R S w28, R
bl - At T (] grog [} ¥ o &3 P s fone? =0 "ae?
N < £ N -~ e ? - = . Gas [ Fow] P = ey Y A P o
2 fod o h, o o 5 st e - u»m D el wo o~ ol . gl T b -l o}
g} ] e R B s ¥ Rt oy M b4 = ) o ) P & . ] .
o A A I N o R e o L S WA PO
R R w5 o oD on oW e om 9 R St FE < T (-
m...w v < m.m P w - .m &k uﬁ m %2 =i _mwa ol W.U o [ o
i Y el i - Ve ' by - ~ b b e Sos
T T < S S R e A @ - BT B9 g oo ok mom e e &
o i o u.m R\w o : 5B % 87 74 P EE) mm o e . o e o fvs o 7
a4 Jies foer 7 ¥ 2 b hog o P 5 ; = = 2 - . -, -,
g w5 & s 8P BB O£ 2 o B W SO g T &R A o & e
. rn e e vt o 3 " s et Lo P el o e P et e e s o
= OB oom X I T S RN . S = et I PR B &
o D o e [T 7 pos] o 3 o] o TR ek - -, oot a1 s Pt
s Py ko P s . . “ ¥ o, i et e -
g2 F 8 5 4 g e owm E o2 2oy B I B =S R
200 8 m A5 m L m G & & R B S S~ G S
% mooR RS o e R . ” . O T - B S S}
s ¢ [ Y o ] 5P e froc s n el s oy L - N b a
P S A O & =2 om m B n e BT e
L 2 g g B E 7L o% g g oo S 2 & T od 2 Ty
o) ] Y S §2e v w0 e 45 e et S0} VH L e g7 gen oy WL ALy
# -y o 1 B4 o ,.i..m st o Py ) Pl [l i3 m.u s - =3,
ot 7 y g o Ll ) 2 5 ¥ - s 4 .
I - S Y PR IR S S R T = N S S -
vio e [ o oI % 5 o oo o . o . oS hr MY o
R R A S oy g o 2 B M g I B v S v S i e
pal ad - bl s . 4 ¥ et i n Foe! St tn, s .. e oy
n . % o % R ey T o fei [y % = w0 T - "
ié 3 b ShE LD e = oW LS p e “ v e o 5
O S A s S pit L - B KNS SN S S Z
P bR I oo - w3 ¥ ¥ri Py . o ot o i) , fc’s s34 (224 Bt oy et
sl N T ot & “u o 5 g > b Ry nh b b
o Sh Rl fan e = . d D e i et o i, s e, o, o,
* - by et 1wt e s . Lo v w o s 3 foir] s ot
R~ B R S S o7 % B oY w5 on A A T T ! i
btk % p P = . - - > o 229 I =
v T w4 2 W e o) .1 44 b D=4 v & . R - A ] 3
f x ' 75 Y ] b ) ; 1] iy oy & i &5 o o o
o>} o w5 fod R ot oS e bpnd e} o (e s o ~4 17 by A LG 4 w3 ye 0
= s . bé 3 o B et & P o
g n g 3 3 o= & 8oL 2 g 5 &mow R oo BB b ¥y
s v 5 e i iy + S ) S ot = wnu vid 17 e 2 o - i s b k4
A < S I~ T ol IV < B / w G DR O
o . ~ H el J i 5] Y Py
2R B S A 3 3 2% s v
- o i g
ey % et 3 £y
3208 o ook [ o

3198



PCT/US2008/061205

WO 2008/137318

2. 3
L s o
b - & P4 oz >
2 o G e AR PR Wy Gt gt
- T oy PO - -5 B E o b W 4
A\w % 7 r R PR~ SO ;. o
< o B e P P afy o
=23 5 P o I, Z -,
[ R e B e “y 1 e Gy o
o e, e - il 3, e, oo o, .. 1 U
v ) L b ¥ gied { Lt < pre bes
g %] Wk g PR e S S S € £ -
& W S o Do e O 1 oo
Lo 5 Siooh W o 3 i e L. Oy e
=t =4 E A A i I
it g e A i bl £ e
L5 7 s, Lo o ) P et e il s, 4 L
Ukt i - A S v v
b b o o Oy SRR > I o] o5 5B
T s S AT e B S o S oo 7 el
o Y m T ook & & & G oo et P
ot Y trt & ) e ) K 5 > B e - fans? i
o o vy y . " - -
L € s i Porl o - nww uw.w P [ f14] MMW mm. 3
e 4 : e - - ¥ -
o ] o S 22 T =y
SO S 'y %] r o Wy e D = wf  wf
) e o) My iy P -~ . ot il
g R e i W e 47 Lo L o) . s fro: =
o L T 5 2 B W L o B o=
[xat} i " bos . . i et ks ! v
Loowh sk - NS -~ R~ . N “ = = & £
¥ i i o Py o s ool o) i o e P jael et >+
o ~ s Lo’ Lot w7 pove = oy et =
p i, P oy s for fond o e, ) i 951
ol o S “emat St b (¥ . oo & ™ Nt st
oo S S TR TR e B S o N P o - - <
[ B - e ~ o~ S8y Wy . BS BD wh R
A e = “B M . woowe B 4
Pk g ke o5 et -t S w5 [ TR oy = =% o =
AT P b 2 s g o o) 43 P 3 Py B!
o ! - ! vy ey e’ = e o ] o 3
[T« T A = A o S v B e T TN ' B o -y Ay o &
A . 2 = s . , . bt o s ¢ ] 9
S og 2w 2 et g ooz oo o 2
Yt fowd o Powd L N o o s o ot T . 4 5 ¢, o
W o v D P T B> S o R A e oh - “ s
[T o 5 =t O =5, z\m‘ =, oy ™ o/ ) - =5 sf %
. PR o , e AR e , . s by s
o S T L S o S S e N = = B Wy O M e
Roted =i k. ! o~ o) Py £ 54 Y] “fant -anet 2 2k e
=0 o~ -~ = o o Wy g 24 o - (I = T o o oy b
BB g BB A s e B oo & . & & & 4
S L AN PR L T b TR T o S 4% S e g & — R T
(T CHEa P e oy ) L e B - 5 e rey  Ta
[ ] WA e 55 ek 4 P . huW g k !
- P b : . % o) . X .
P B> I S U < S o< | PN o o 5 sh o« B
&£ e . I e - 4 b5 oS- -~ e ity 2 ~
- mw S ) ey o Cot s (\J.\ ol o - T et . ey o, =5 Tt
B A S T S T~ S~ S A = S S 5l oo B v e S A
L B T byl P W sE e I b oS o b
- o 7y oy Et ) 21} w e a o e : N £ at
=R - - S G S N T S - S o e A
G oy o« S B N R A RS T s B~ B w oS G s
T 5 = P -~ ) L - 7 o o, - Sond i ]
AN A S S . S 4 S 151 I T
- Nm.‘: ] J L " B R S WY o LD w2 ofi f\b A
ot - (4 el gl W A Wy 4 L2 B P - e o - e m«iU
[SPCRE v TR U T T o T s B 6 T o A B - s | P - g g o
TR Y s Rt P -~ T« ot T ] - e fon
- [V, et it ot i S g e : ” L s e LA
o U A Ty e~ E -t o 4% P ik ).m. o g I £
e 2 R B B~ - - R b W uh vt b e
o, o £y o fan Po) - e P P il it B . .
g toal “rat fort fori Yo o Ly e Fapn e 7 L 3 S o
G e L Ne e oo ms ek R ng oag of uh 7
Ty Os o5 L) 5 PR R T o o e ®ooos, H WU
o a1 - , i = e b =,
PP o ] o [k - £ [ Wy o, b 7 Do . ; o \.
P TR .&v oA S « R 4 P R AR T A A
‘HW\A i M.M» .w.,\m e sk, el e it ol ~d 5% 1 1y N\_% Y TS
Y : -, Y e o, e " » . p
=5 ] poe R o [ a4y e e O o L e
o mw. (RS T 1 S T B ey S e B f
e 2 o, s Py Aeafy o 1 o,
i - Gooord e b o G gn own 2 o S ST SR iy
2 DELT A0 SR LR o S G = B | L5 5 5 L ol v i
PR - o o P T e Liy oo o RRDD =4 S TR A
S - o At o / L/ ixl A=, =L s .
Pt Yy Pt Ry St Pory P Py . P o wide >N b ) o e, o e
e e e T I WIS b, o em o
b VR S S S o3 [ Jo Gy el w 24
D on o G G R hoaf oy P A S A =2
r ot sy s e ey . o for) e prcs 74 e e ) s [ 20
P Y OO T < I T R .
[ ) o7 S I TR S bt I o TR 45 P 5 I T S guc 0%
% o ECU - A M N E R T T T ¥ =,

3199

%
3
g
NI

3

1y

ay,

a4y, wit
VATIOHER

&

£
N

iX

Fehes 3
the d
K3

i
A0 &

I
<

BRIALCH,

N

Tree i
nally comprize of

i
§ B

fow tat

at anyt

3

Y

TG

£
g can opho

dosage

&

day, without

33

513, af bedtme aftera
ii7

Fthe
da
v, Tt

A

e o
sith breal

1
¥

niinistered once & dav,

3

it 18 ad

L

fimess day,

ad ot anvt

o~
1Y
by

H

Tes g Gy, $i1x

3
11

RE{RR NS A
i

Vg

s
1

it J'()

3

e
unes g d

.
3

bog

4

fit iy administersd with

3

FAT

{
i

e
L3



PCT/US2008/061205

WO 2008/137318

\3.
ol
e 24 P v B Y
. & A gy # e e =
. oo, . ; i h
e e ) A i e P b4 Y ot ¥ af
[ oo v, e ; s o 4 pos R 5 P . ! s
,HM Nen? e ,...Aw Bl 25 o toat o hed L o [T CO &8 . t,.w_ L 3
{ : s [ S 5 e nt il afd T (-} Coed! = e o e e ¥ :
s N ; “ - S L Y = o P oo Lu o
AR (S £ A S A A % PR - B R~ W v
& A ,u..w« e I L T AT S H ~ o 5 “p vt W\.w & [t gl et
] P - o e P % ’ 5 s, o .
o e B 4 [ T T A e e A A - -
B T Py R L A S N S I R .
2 n B W@ = S e A A S S
: % ] - Sk el oy s s / . .
SR = R S R AR RN S B & SR
{5 e o o S m S i (el - I M w5 o
bl A 4 o 4 B 245 e e, oo vy ¥ i
ke i o) [ RV S 41 nf . ; (SR gy et PR SR 2N
wred ML e ey - “q - B Fic) et fisd = Fan e bt
oL : , " . Z % % g f
Hoomooan - W . B o VA &0 W & .
z, L e o s 3 e " o iamn s
¥omo. & = ho M o S g ®OS T g
B b 6 bl R [ S eV S B A ’ .
iy e “ ). % e, e . g Y i Eo) . 2
[T 1 a4 L L e o P 5 Mv\ W¥ o BL e
Yol o o . o iy o A PR I A R
A~ R =R < e A A TR T - S S
st v ‘o 2% s 2 hd o weiy =, o e wed, - [
P N o : [ T g g Wy 02
ros i p=d 3 e o o o yoo L ey o o4 .
O S ol o A SR o J ) Lxoowh e N 7l L et ooty
wr v = ~ o ot W . = -3 o o B SR =
o e ] e ) e’ ’ -, (o [ e i R .
PR o " P o .z W DA A 5 S S
o X, wand P 2y ] P 3 foind = a4y o o o o . & g
- P B ety w 2002 %Wk oo 3w
di & sh o o, s e o5 v T g A I O -
4 pes 4 e [0S 2 ] o s P R o e
PR V2 T ) PO R = ] oo S v A e & ©
i o s I < : oo B e S oo Vo Qo s S - sh
C - V ) s -, d P 3 ) . oty
=B B & o e & H wowe B B 2 e
s “+ o & Rt o . ~ ) PO N o B
- b ol £ 1 G [ Sert z: . o~ oy . -
o v [T i = oo e Bl o) b nfy T e 4 . p-4
“©“ v o~ (e R s T A e EOW om owh e
iz ) & = ol o] [ o Y i s o 2
s Y ) h - = & B IR B S
ES) e o £ = 5] mwﬂ.. o gy s o i =, o, ot Fos) P o £ U.D
. 1 ot ek foped 3 Ry & - PR =4 - b song b 1}
oo At Pt ¥ b L By o o S . = =
= o ui s, P Tt} % nf wf SR s [ -od s =
wl R em P ¢ oy =R 5o e mm o W m em 4 =S R oy A e
s b o e 3 e ol - - - i ) ! 47 !
e P} . 24, o b - s 7~ b - ] i) ¥
i« P e - (38 T 4 g } o~~~ P / rd 4 o, s 4
2 52 9 @ o= = 5 oo PR - G4 = 2 8 = <.m e TR A A
B — - -, 4 P 4 v b ; i .
R - R shoosh = = 20 R DR & - K T S S
Y >4 e , =4 ; . M =
e R S w\.m,. N * =M ey b M.m.w L Y ) = s A i w o
o A A T SR = o ) o - v Ve A P o] =
2 L) e e - n.:w ot s e o o - [ ) ) 2 S-S wh e
o LOOMY e e e £ 2 o ] i 2L g e B e
o} et Bt bt - . T el ors e kol fy o . [at s - T -4
zZ = o B & L oo w s o it = =L . N e N ®OT &
o P i H P : * - > - e o - . ut peoc ey , - '
P o] L g ok ) Poc Soand v} Fived [ Raii s “ -4 b, L] S e o, 3
= ) . ~ . - o -~ o o7 Cned o o pes o 1 Ly
85w ! P A L e R g S A - R B o SR~ T o g
£ p= - B = iF P o TS M vy P T T B by o ks
P o o bt 2l -, st 1y PO 24 4 P v £ ‘. E B e B
gt o S e R R S B P e wp wh o3 R~ B+ B S 5 SO PO By
R TG B < R4 - : & # o ¥ o B LT oz ¥ wnooo;:
e Py o St g Ay [ St oy E o . g o ) -, L Prm )
- A = SR« (o oo &b b e o R
X I St R i - g A j B Y : 5
s sk et " nf} e oy w5 - o M ne, faesd fe! o
P E 2 g 0o 7 - wy o rd 0 .o B ™
S T A G4 4 o B L R o . m
W e [ Bt S w0 SR v 5o om0 . o~ g et P v Fa
aHomm T EooE E S e e et oo i} Bt &
o £ sr e 4 i Peowy e el g L R I - Y 1
] ) | KR —t ] - o e g oo, s eyl piav s 7% b od
=B N P 2 e o= TR L )
o3 , § " bk e tuhio] g o, ) . [
o~ : - . D e w3 . 4 7 ; i Lo i -
2 L = o5 B2 e ou & L o= & w5 SER R P
b L v =heoo. pa’ L B2 i} A ey - - P e = 3
g 4 7 g oz w3 R T A K - S
: mfy ; A ) v Fonh P = i3 I o <
% e o S [ F w G WE E 4 s e ot
3 b p \m.v e - [o3 (R PN e . o o o P \.v - = &,
5 el fond o F P s o o 7 o) batv2 et s, (A Lo
Eotd &7, o Y o, i g w oy e — o P b i . i o
SR e o] < e s “5 Wy Ll i - - weed e X
g . DA e - e S . i SRS 255, i btged e . ry
L2 om o8 o8 & owmog - - T S
o B A e N AT A A A A oz
5 P soi, st oo, e b ; " By ” 3 = o 2 o)
A SR I b 4 O A T o hGd e N1
91 vy eed e o P o ey et w5 sf o o
-t et . ; o, ] ‘o Y Pt ot o, o) L Ll el o
d s Fond! s T o Kot 5 &t : coeny Lo =y z . By T o, i et
p L I (- S =5 g T & - ST e &)
] P i - e “. o .. ot -, Tt Pliy e ) = R
~f et e e, bt L5 % o 5 p} ] VSR S o rees N ) w 0% &
- i =, P - e ! i o ey L] s Ps
o P T4 C T s S oo S iy - e - - oo W : & of 24
¢ - a, ¢ . 5 mE \ X ] i g
S Ew S o SR S O o . L e [/ VR o T o (VI b il
8D e T P b o A5 R S BV G 4
P PR A T f o Wi ok e
- ! [ VI i~ L R A P T §
< 2w B OE E & & o
T ’ - g 26
P e £}
-, o 7
.. [cd rosis
W pooss

3200

138



Pt
Caes’

14y

£l

30

WO 2008/137318 PCT/US2008/061205

Re, 2400 g, 2450 pe, 2500 g, 2550 ge, 2600 pg, 2650 pg, 2700 g, 1750 sy, 2800 gg, 2850

N o. - S5y seew . IO 3 o
f, DOED up, 300G ug, 30

fi
15
u 13
o
=
2]

ag e ey e AREMY e ATTER
3500 g, 3750 g, 4000 gp, 4350 gg, S pg, 4750

>
Fater

sg, 3000 xg of an agont that reduces sodinm absorption in the intesting oy Increases aniey

The precise amopnt of gach of the two or more getive ingredivnts in s dosage v

the desired dosage of ench component, Thus, # can be usefnl to croate a dossge
shen admivistered according to a particolar dosage schedale {e.g, » dosage sehedule specifying
f units and a particudar tming for adminisiration), deliver the same dasage of
axwonld be admimistered 1f the patient was being treated with ondy & single

her ciroomstances, it might be desirable o ereate & dosage wnit that will deliver

more coraponents that is fess than that which would be ndovintstered (fthe

s\,ﬁmnf wasg b

< ondy with a single component. Finally, i might be desirable 1o crepte &

dosage wnit that will deliver a dosage of one or more components that is greater than that whick

would be sduninisered T the pationt was being treated only with o single component. The

pharmaceutical vomposition can inclade additional ingredionts including but sot imited to the
excipients deseribed herein, In certain embodiments, ong or more therapeutio ageuts ot the

dosgge unit may exist in an extended or control releass formulation and addifional therapeutiv
agerts may not exist in extended relense formulation. For example, an agent described horam

raay exist in a controlisd refesse formulation or extended release formudation in the same dos

al nay or miay not be in either & contrelied reloese or extanded reloase

g

Thug, n vertain embodiments, i may be destrable to provide for the immediale

refeage of one or move of the agents described herein, and the controlled release of one o movre

Gt certain embodiments the dosage unit and datly dose are equivalent. In certa

the dosage endt and the daily dose are not equivalent. o various embodiments, the dosage unit is
sdminigtered Degnty minutes prior to food consumption, twenty minuwtes aftey food comzumphion,

with tood ot anytime of the day, without food at anvtime of the day, with &

o

fast {og with breakfasty, ot bedtime after a low fat snack. In various embods

ot
[
R~
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unit is adnnnistered once a day, twice a day, three times a day, foor tmes a day, fve times & dav,

’A'

SR finyes a

dav.

When two or more active ingredients are combined in single dosage form, chemical interactious

o

)] 3 o * At - -
pebween the sctive mgredionts hay oecur. For exampie, seidhe and basic active ingradients can

renct with each oiher and acidic active ingredients can facifitate the degradation of acid Iebife

substanees, Thus, in cortain dosage forms, acidic and basic substances can be physically

separated as two distingt or {solaied lavers in a compressed tablet, or in the cors and shell of'a
S 3

press-cogted tablet. Additions! agents that are compatible with noidiv as well as basic substances,

have the Nlexibility of being placed in either laver. In certaus mmbtipie laver compositions af loast

o

Ry

one active ngrediont can be enteric-coated. I cortain embodimanis thereol at sast one active
iz‘;g;;:-;::déeﬁ‘i cmit be prosented in a controlied release form. In cortain embodiments where 8
combanation of three or more active substanees are used, they van be presented as physically

wsolated segroents of & compressed muthilayer tablet, which can be optionally film cogted,

The therapeutic combinations described herein can be formulated as 2 tablet or capsule

$v e

comprisiog a plurali

v of beads, pranules, or pellets. All active ingredionts inchuding the

vitmmnins of the combination are formlated W granules or beads or pellels that are frther
coated with o protective coat, an enlenie coal, or a ilm coal o aveld the possible chiemical
teractions. Gramalation and coating of granules or besds is done using technigues well known

o o prerson skilled i the art. At least one active ingredient can present in & coutrolied release

i g 3

fonm. Finally these coated granules or beads are Ailled int Tard gelatin capsules or compressed

The therapontic combinations described herein can be formulated as ¢ capsule comprising

S 15

mrorotablets oy minttablets of all active ingredients, Microtablets of the individual agents can be

prepared wsing well known pharmaceotion] procedures of tablet making like diveot comprassion,
dry grannlation or wet granulation. Individual microtablets can he Giled into hard gelutin

i dosage form may comprise one or more microtablets of esch individual

{;{»

soponent. The microtabiets may be filnr coated or entoric coated
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The therapeutic combinations deseribed herein can be formulated as & capsule comprising one or
o muerotablets and powder, or one or more microtablews and grarulos or beads. In order &

X

avoid Interactions botween drugs, some active ingredients of a safd combination canhe

o

formulated as niicrotableis and the others fitled

into capsules g5 & powder, granules, or beasds.

~

he microtablets may be film coated or enterie coated. At least one setive ingrediont can be

B

Yes.

TEOCLOTI O 10 Croyet iy Fengd T nchi
orasented in contralisd relegse form.

combinations deseribed heroin can be formulated whereln the active ingrodients

The therapeutis
are distributed {n the inner and puter phase of tablets. In an sttermpt to divide chemically

\

m

i".
g
o
<
%
4
,-.

incompatible comwponants of proposed combination, fow intorscting components are

s using well known pharmacawticn] procedures in prior art. The prepared
gravales or beads nner phase} are then mixed with onler phase comprising the

recients and at least one pharmaceutically accoptable excipient. The mixtwre thus comprising

N

- phiase v compressed into tablets or molded into fablots, The grzs;m'i gs of beads

a0 be controlied release or immediate release beads or granules, and can further be costed using
ary SIeric Pelyimer I an AGUetUs of nom-aguenns system, vsing methods and minterials that are

Tnorwn i the ary

basd

The therapeutic combinations described herein can be formulated as tingle dosage wait

A

comprising suitable bulfering ageni. All powdered ingredients of said combination are mixed

srd & suitable quantity of one or move buffering agenis is added to the blend o minimize

alone orin combination, can be combined with any

S

pharmaceutically accepiable carrier or medium. Thus, they can be combined with materials that

do net prodece an adverse, allergic or otherwise unwanted reaction when ad
patient. The carviers or medinms used can nclude solvents, dispersanis, ¢

promoting agents, controlled reloase agents, amd one vr more inert exolp

s, and the ’Eik‘e‘_}, eto. I desired, tablet dosages of the disclosed compositions

ey be coated by staadard aguesus or nonaguecss techniques.

3203



L

[

ok

WO 2008/137318 PCT/US2008/061205

Whans provided as a single dosage form, the potential exists for a chemival inferaction between
the ceambined active ingredients {for example, an Hpid lowering sgents and @ GO aponiat), Por

e

ilus reason, the preferred dosage forms of the combination products of this dise

hooy
o
4
2.
Pl
o
¥
e
ot

2 RIS
torplated such that although the active ingredients are combined in a single dosege form, the

physical contact between the active ingredients s minimized (that s, reducsd).

o order o minimize contact, one embodinment of this dsclosure where the produst s ovally

2 £y %
g

Imirdstered provides for g combination produet whersin one active ingredient is enteric coated.

b2
[
5

By enteric coating one or move of the active ingredients, i is possible not only o minimize the

comtact betwsen the combined active Ingredients, but also, #s possible w control the release of
one of these components in the gasiromtestinal tract sach that one of these components is not
olaanoel 11 e stodnaonh 3 S S S : 3 ¢ onf il
relossed in the stomach but rather is released inthe intestines. Another cotbodiment of this

e

disclosure where oral administration s desired provides for a combination p

he achive ingredients is coated with ¢ sustained-release material which off

tinal fract and also serves o mindmize phyyvsics

T
<
£ 23
2
&
=,
w
s
Q»

the combined gotive ingredisnts. Furtbermorg, the s adreleased component can he

&

-
coated such that the release of this component coours amly i

{,3,

<
#on
i
99
ol
)
o
et
Sor
T

St} another appreach wounld tavelve the formulation of 8 combination prod

comporient x coated with g sustained andfor enteric release polymer, and the atherco

ner such as g Iow-viscosity grode of ivdroxypropy! me

sate masteriale as known in the art, in order to furthey sep

or goating serves fo form an additional barrier

Desage forma of the combination products include those wherein one active Ingredient s enferic
coated can be in the form of tablets such that the enteric soated component and the other active

ingredisnt are blendod wopother snad then compressed into 1 tabist or such that the enteric comted

component 1s compressed indo one wblet layver and the other active Ingrediont is ¢o

o

an sdditional {ayer, Optonally, i order 1o further separate the two lavers, one o morve pla

(/

inyers may be prosent such thet the placcho layer s botween the layers of astive mg

[
9]
bl
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addition, dossge o of the present disclosure can be in the form of capsulex whereln one

particlos, gramt

mucrotabiots,

54

et i compressed into @ tablet or in the form of 8 plombity of mivrotabless,

3

des or non-perils, which are then enteric coated. These enterico voated

particles, gramules or non-perils are then placed info o capsule ov compreased into

capanie siong with a granulation of the other active ingredient,

i separate K

e prosent disclosure, whether administered in g single dosage form or administered

olf an other ways of minimizing contact between the componants of combination

4

b

s bt at the same time by the same mamer, will be readily apparent io those

b

ent disclosure.
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P
o
i

be method of elaim @ wheretn the chlorude channel gotivator s Tubiprosions.

11 The wethod of claim 3 wherein the sgent is a SHTS sgonist,

$ wherein the agent i3 a ovelic nucieotide,

13 The method of glaim 3 wherein the ageat i g sodium fransport inhibiior,

ot olabm 13 wherein the sodium transport inhibitor is amileride,

ol olaim 13 wherein the sodivm transport inkibitor is an NHEZ inhibitor,

16, Themethod of eladm 5 wheran the agent 158 a laxative,

,,
)

; TP oy MRS U S R S ey
3 LY 5& £ DGEIs rapsmem theane conductan

{8, The methoed of clahn § wherein the agent 1 an agent that alfects cAME level.

{8, The method of olaim § wherein the ageat is o phosphodiesierase inlubiion
200 The method of elatim 3 whersin the sgeat is a renin inlubitor

21 The metiod of elaim 5 whorein the agent 18 an aldosterone antagonist,

22, § wherein the agoent s potassium.

23 fhe method of oladm 3 whereln the agent 18 a polymer resin,

RES Themethod of ¢laim 11 whersin the SHTY agonist s &

e
LAy
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The pharmascestical conmposition of claim 2536 wheretn the second agent reduvey sodium

3 The phasmaceutiond composition of clair 256 whereln the second agent fnoreases andon
seoretion fnthe msstine,
The pharmacontical compoesition of clatim 256 whorein the soeond ggent both reduges
sodivm shsarption inthe intestine and increases anlon seoretion i the infesting.
2688, The pharmaceutical composition of elaim 256 wherein the second agent i3 sclested fram
&) a guanyiate ¢ coeptor O agonist, b} a soluble guanviate cyolase modulatay, ¢} g
s chanusl activator, e} a SHTY agonist, 11 a ovelis nucleot
) & laxative, 1) a oystic Hbrosis transmsmbrane conductance regalator
i L iban ggent that affects cAMP levels, &) a phosphodiesterase inhitntor, Il a
vend inhibitor, ; aldusisrons antagonist, ny potassiwn, and o} 2 polymer resin
361, The pharmaceutical compoxttion of elaim 260 wheretn the second ags
ey
262, The pharmaceutical composition of clalm 260 wherein the second agent is w soluble
guanylate ovelase modulator.
3683, The phermaceutical composition of elaim 200 wherein the second agent &5 @ prostanoeid.
a5
264, The pharmeceuticsl compoaition of cluim 260 wherem the second sgent I & chloride
channel activalm
265, the pharmacsutical compesition of ¢latm 260 wherein the seeond agent s 3 SHTE
M agonist

[y
A
e
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aecutical veanposition of any of elatms 256276 wherein the antil

ypertensive

ant a divretic, an mbibitor of angiolensin converting eneyimne, i angiotensin

tst, @ calcium channed blocker, a beta-adrenergio antagonist, aipha-adrenergic

iddbitor, and an aldosterone antagonisy

278, The phasmeceuticad composition of any of claimys 856-276 wherein the composition
comprises two o more anti-hypertensive agents wherein the two or more sntthypertensive agas

ave wxlepondontly sclectnd frony & diuretic, an inhibitor of angiolensin converting sueyme, an

wiensin 1] receptor antagonist, a calcinn: channel blocker, & bete-adrensrgic antagonisi,
Py Ry E
alpha-adrensrpie antagonist, 4 renin inhibitor, and an sldosterone antagonist,
The pharoweentical cowpoaition of clam 277 wherein the ani-hypertensive agontis g

IR0 The pharmacentical composition of clatm 279 whevein the divretic 1s selected from the

foop divretie, a thiazide, a potasstm sparing agent, and ¢

1
¥

281 The phavmacentical composifion of claim 279 wherein: the divretic is » loop diaretic.

The pharmacadical composition of claim 279 wherein the diuvetic is furosennde,

The pharmacentical composition of elaim 279 wherein the diuretic I8 5 thiszide,

The pharmacaatical composition of clatm 283 wherein the thinmde 18

bendroflamsthinxide, hydrochlorotiazide, tdapamide, chiortulidone or metelazone,

The pharmaceotical composition of clatny 279 whereln the diuretic is 2 polassiam spar

]
[
¥ ;,’,

st
4
Ly

3235



PCT/US2008/061205

WO 2008/137318

; o
ol
=4 4
2l ] h
3 %3 | o o
i b i E3) “
W fs I w2 <3
e phort Gl 3 o
o ] i fe3) b 3 i
Z f I oy , s T
., I 7 P [} T
i ] L Tea e med o] 15
oy e e o A ; wood =
g < P G st 22 o La b ot}
[ e 2] ] ! W s
. : ; X : ool g ;
@ z 2 A 7 2% -
v % 45 ot e BN fiss fa P i
e 1% P " 2 - z =
L9 ~ - b eI o R -
VoA 2 - Eheed b b ] B o (2] T
£ i i Z wA L %] CEC %
x o . o A ey @ e i oed
7 “ poe] % s ey e A W %5
o « Fed Pieh ot n jos’] P ey e ) o
v x ot el =5 e N [ Fa o e
v b . s peot . e = &

y 53 Pro $3 e = h . b
£y (¥ A b o~ 3 ¥ &
ho pond oA e st e baeet] £ 5 ; mets

0 i G = VRS R b W@ s
- >, Al 7 : > 4 ~ ) v
“ P4 A R A 7 = o
- jgee] N " i3 " : o ot
=% el P o W/ H P oot &y s
- o yA P B4 b oy o P
i 25 joad et 3 et o (A ot
3 [ G B o B = LEE 1 i
; - [ 43 2 wndk a7
%3 2 2% ay et o & P k2 ! T
e & i o B g . Y % - oo
vt proei o] it Eo) 2t - a2 gaors fos] o
et s el ’ A
] 4 ] - = em 23 Fasd o]
& 2 Z g & &g g 2 h=
b e zL : A . ook %5
3 &y G &; B 1 Sty res w o= ca
p s e Py o o] s = 5 P
< 7 < : ; %
o 1) % 2 a4 5] " 154 2% o
o ek 45 R | 2 = e A L
= = Z s % v = i~ A &=
' Fren T~ oS wﬂ non e C . . [
= .. by S S £ - 7 -
[ e 95 ] b e e o = o
4 o &4 S ¥ IS o~
St L R iraid # oy F((
o [} o L] ~ = Poel ot o = o
- gt o] } b _— ’ ¥ ! s
Moo foud Now) i et o m o] % P
3 Tk 3 “ T S+ = ] ) )
= 23 i GO A Ay i R o]
14 R (24 i e £ &4 S Vg o
B, L g 4 £ e . ot s o Firnt
, : bg o —
s e ] - L2 ’ n S, - o . L
N .t Pl il "

; o~ A o [ . por P
& % o B R R = R EH woow &
for] P [ Rl pod [t % Fs) “ ] ] 3

i) e s il it 7 o m.v b5 ) i =
hr o oot Br-ov B A ; ) iR < ek
% 0 (7B g R ML s % %
jo S Tas T e . D " Lo
Fors %! Pt s [ s , i . jove oo o]
bee e ] 5 oz ] e > e 1991 7t s
= = ey % “ P 5] ot el = < ot
st bt oo Er O~ R = “ ®5 L) 5
3 j% < naf 3 i B 5 o ¥ 3 ]
o - i - \\« e o} = s - - -
s it e o o} ot [x1 ﬂ\ pod Bn) e ] e
i b5 b iAo £ 5 R Wy epa = ke e 4
¢ . w2 b W 3 R ) s Y P4 o 29 o
I - . 7 P L . % & .
Gt i Pt s e} b e K (&3 ot e . E
) [ - ] “iy [ P Ties P tork el el
bt 7 n = Z R e %
o =@ i 2o @ B el oo #
b [ [ T S i3 v 5, ot bt X
ad e - . dant Y py e 4 44 =4 £ 775
ol o b 25 Y ba " s T P et vt ]
i s 5 i 0! Pl el o Pt Pz} 5 e o
s o] el fed e e ) Yed oy [oed oo G -
e 7 g L - et b o Ko [ g “o o
o & 1 [ wooo e % i @ 5
~ e, s o) g p T P Tt 73 54 Sk v (et
,r@ e 5a P g vhx T et e ...“\n» o e o
., Y - % e ol ot
) o i £, 0 £ e A o Th w o £
el v Rl F oo .
7= £5 A 7 ¥ ’ Feed i 2 ” e pe %
5 % 8 B A 2w 2w & P
wx 3 ] . s = W o PR 4 L v
o [ s Jos 7= [ T 4+ borg e ben ik o bors
4 s o 3 - i b - 09 - o o2 .
v fine] = 7 o, o o
= = Po ™ o B o
2 % = e . @ u
s . ’ . . oy : 7 . 7 .
T P (2 b e S O i 72 Ea D S [y’
P jos1 - e ety o o, na 14 Ao, Pt . A o Py
foce] ] b A A e [y st ot 9 £ L pse] . L5
o~ s [ P [ pd o] i bk 4 Ch i A (]
o, o o
L] ot W end

qoeei Py ~%

3236

anel |

an oha
ine (e

&

A

itrendip

v
H

3
K3

n the calet

{Plendil), N

LIl

sth
we {Sular)

pin

N

dipine

on of claim 293

T

5

1

me {(Nimotop), Nisold

3

Al compos
odips

rmasendie

2y

¥

3%



L

Yrepd.

rws

43

[

WO 2008/137318 PCT/US2008/061205

and Lag Lercanidipine { Zanidip), Verapumil {Calan, opiin}, Gallopami

¥

P4
.
)
ooy
)
:53
(93
b,
st
"t
pe8
)
v
pa
[
4” :
et

o

{D600). vldazem {Cardizem}, and Merghol {mint oil)

2850 The pharmaceutical composition of claim 294 wherein the caloium chanae! blocksy is

(NG, The pharmacputical cempesition of oladm 277 wherein the sntihypertensive agent s

297, The *}E@aﬁ“sm‘memigaﬁ composition of elaim 206 where

%

protsoprenaiine, Fractoiol, Proncthaclol, Alprenolnd, Curteslol

%

epindoict, Metipranolol, Nadolol, Oxprenoiod, Penbutsl

cebutelol, Atenolol, Botaxolol, Bisoprolal, Esmoial

Carvedilol, Celiprolol, Labetalnd, and Butoxamine.,

The pharmacentical composition of claim 277 wherein the antihypeniensive sgentis an

alpha-adronergic antagonist,

29% The pharmaceutics] composition of claim 298 wherain the alpha-adrenergic antagomst i3
solected fromy Doxavosin {Coardural, Prazosin {Minipress), Phenoxyhenzamine, Phontolamine

{Regitine}, Tamudosin (Flomaxira Flomax ), Alfurosin (Uroxatral}, and Terazosin (Hytriny,

3 The phanoaceutieos! coraposition of claim 277 wherein the argihvpertensive sgent iy y

anin inhibitor,

301, The pharmtacesical compositdon of clabm 300 wherein the renin inlubiior 15 selected

skiven) and SPPH3S,

3. The pharmacentieal oomposition of claim 277 wherein the antihypeartensive agent is an

oalerond ainsonist,

e
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312, The pharmaceutical composition of clam 308 whersin the second ggent s a chioride

F 0 313 The phanmaceutival composition of claim 308 wherein the second agent is » SHTY
sgomst
314, Thephammaceuiion] compoesition of oladm 308 wherein the sevond sgent v a oyalic
nucleotide
19
AT
318, The pharmeceytics! composiiion of olaim 308 wherein the second agens 18 8 sodium
wanspot inhidbtioy
316, The pharmscontical composition of claim 308 wherein the second sgunt is 2 laxasive,
317, The pharmaceutical compesiyion of claim 308 wherein the socond agont iy a systic
fhrosts tansmondhrane conductance rogulator {CTFRY modulator,
318, The pharmaceutical compasition of claim 308 wherein the second agent s an agent that
3G alfects CAMY fovel
319 The phavmascoution! composition of olaim 318 whoerein the seoong agent inoregses cAMEP
laved
25 3280 The phanmaccutical composition of claim 308 whereln the second ageni 8 a
shosphodiesterase inhibitor,
The phermwcention] composition of elpim 308 whereln the second agent s 8 renin
rthiibvitos
38

wh
L
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ceatical composition of any of claimy 135, 1536, 177, 198, 214, 243, 268, and

stive is selected from dexloxiglomide, psyllium husk, docussie sedinm,

|
F

343, The pharmeacontical composition of any of elajroe 143, 164, 183, 206, 227, 376, and 334

b2
e
i
w1
(/
e
=
]
v

the polymer resin 18 selocted fram peyvlbivm, hipid lowering polymers, nonshsorbed

polymerresing, and sodium binding polymers
r -

344, The pharmaceuniionl composition of claim 343 whereln the polymer resin s paviliam,

345, The pharmaceutical composition of colaim 343 wherein the pelymer restn is g lipnd

346, The pharmaceutical composition of claim 343 wi

3 . "
nesmabeorbed polvy

7. The pharmacsutics! composition of claim 343 whevein the polymer resin s a sodinm

binding polyvmer,

&

The pharmaceutical composition of claim 345 wherein the lipid lowering polymar s
g g, Sevahuaer, Cholestyramine,
349, The phammaceutical pomposition of claim 346 wherein nonabsorbed polymer resin e

i hyshironic acid, polvearbophil caloium, pobyi

1.

aceutical compuoaition of claim 347 wheroin the sodiuee-biading polymer is
sobyvinyvisulfamate pelvmer, No{bis-phosphonic-athyl}

sodyece-acrylic acid polymer, poby-ce-fluoroseryhic

polyvinylphosphoramidic polymer, polyvinyisultamate polymer,

T

i6i
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vinyiphosphonate/c-Huoreacryiic acid copolymer, vinylphosphonate/o-fHluoroacrylic acid

copobyvmer, of vinyiphosphotmieg/acrylie acid copolymer.

1
4
$3

Lyd

51 The pharmaceutics! composition of clam 350 wheretn the sodium-binding pobymer s

sdministered as a core-shell compostiion which further comprises u semi-permeablie shell

o

2,
o0

polvaliviamgne/polyalyrene sulfonate polymaer,

A phermacestical composition comprising miseprostol and psyiliwm,

3184, & phermaveutival composition comprising psyllium and 2 peptide that activates the

-~

The pharmacentical composition of claim 354 whereln the peptide

&
e
[
£
%

3
o
o
w
&

%
%:;
&,
%
{/

3 Ada Cys Thr Gly Cys Ty

Cws Cva Glu Low Ovs Uys Asn Fro Ala Cys Thr Gly Cys Ty
Cys Cys Gip Phe Oys Oy Asn Pro Ala Cys Thr Gy Cys Ty
Cys Cys Glo Trp Cvs Cys Asn Pro Ala Cys Thr Gly Cys Tyr,
Cys Cys Glu Tyr Oys Ovs Asn Pro Ala Cys Thre Gly Cvss

Thr Gl Cwsg

A

va Asn Pros Ala Cys

&sry Froe Ala Cys Thr Gly Cyst
Ovs Oys Glo Trp Cys COvs Asn Pro Ala Cys Thr Gly Cysg
A-Cys Cys Gl Tyr Cvs Cws Asn Pro Ala Cys Thr Gly Cys Ty

Asn Prer Ala Cys Thr Gly Uys Ty

= Asn Fro Ala Cys The Gly Cys T

\

]
St

Astt Pro Als Cys Thr Gy Uvs

')‘}

2

Asu Pyo Als Cys Thr Gly C}"S;

B2
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v Cys;

Hy

*ro Ala Cwys Thr
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Arg Leu Gy Phe Val Ala Ala Arg Ala Asp Lea Cyy Gla 2 Ala Ala Cys Thr Gly

—

o Agn Met Ala Ceg The Gy Ty

Phe Gln Val Asn Lo Asp Ser Val Lys Lvs Leu Asp Lys Lau Len

i Len Arvg Ghy

Phe His His Oin Met ¢

’Z‘:

e A ¥ & 1o ¥ oeovy Peey gy
gr Asp Peo Als Lou Fro S

Hy Asp Gln Arg Asp Pro Ser He Loy Cys S

and
Cys lu Asn Sor Gl Adg Val Asnlle Phe Arge Al Low Arg Tyr He Asn Gln Gla Glu Oye Gly

S
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International application No.
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A. CLASSIFICATION OF SUBJECT MATTER

A61K 31/4706(20006.01)i, A6IK 31/675(20006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

1PC 8: ALK

Minimum documentation searched (classification system followed by classification symbols)

Documentalion searched other than minimum documentalion Lo the exlent thal such documents are included in the felds searched

Tlectronic data base consulted during the international scarch (name of data base and, where practicable, scarch terms used)
eKIPASS(KIPO internal), Delphion, Pubmed (sodium absorption, guanylate eyclase, salt retention, hypertension, psyllium)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category *

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X/A Hypertension 37(2 Part 2): 467-471 February 2001
Sze introduction & result

Sze abstract

See abstract

Sze abstract

Sce abstract

T Assoc Physicians India. 2007 Feb;55:135-139.
See abstract

X/A JP11240841A (INISSIN FOOD PROD CO LTD, UNIV KYOTO) 07 Seplember 1999

A CA 2522895 A1 WARATAH PHARMACEUTICALS, INC) 11 November 2004

A Vallon V et al., The salt paradox and its possible implications in managing hypertensive diabetic
patients. Curr Hypertens Rep. 2005 Apr; 7(2):141-7.

A Sica DA. Sodium and water retention 1 heart failure and diuretic therapy: basic
mechanisms.Clove Clin J Med. 2006 Jun; 73 Suppl 2:S2-7; discussion S30-33.

A Sahay M ct al., Sodium transporters in kidney role in health and discasc.

123-352/353-355

353-355/123-352

123-355

123-355

123-355

123-355

x Turther documents are listed in the continuation of Box C.

See patent family annex.

* Special calegories of cited documents:

"A"  document defining the general state of the art which is not considered
to be of particular relevance

"E" ecarlier application or patent but published on or after the international
filing date

"L"  document which may throw doubts on priority claini(s) or which is
cited to establish the publication date of citation or other
speeial reason (as specified)

"Q"  document refzrring to an oral disclosure, use, exhibition or other
means

"P"  document putlished prior Lo the international filing dute but later
than the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflic: with the application but cited to understand
the principle or theory underlying the invention

"X" document of particularrelevance; the claimed invention cannot be
considered novel or cannot be considered 1o involve an inventive
step when the document is taken alonc

"Y" document of particularrelevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

"&" decument member of the same patent family

Date of the actual completion of the international search

08 OCTOBER 2008 (08.10.2008)

Date of mailing of the international search report

08 OCTOBER 2008 (08.10.2008)

Na1}1§ and mailing address of the ISA/KR

Korean Intellectual Property Office
Government Complex-Dacjeon, 132 Sconsa-ro, Sco-
gu, Daejeon 302-701, Republic of Korea

Facsimile No. 82-42-472-7140

Authorized officer
CHO, Kyvung Joo

Telephone No. 82-42-481-8287

Form PCT/ISA/210 (second sheet) (July 2008)
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Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A Fordtran JS et al. The mechanisms of sodium absorption in the human small intestine. 123-355

JClin Invest. 1968 Apr.47(4):884-900.
See abstract

Form PCT/ISA/210 (continuation of second sheet) (July 2008)
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INTERNATIONAL SEARCH REPORT Tnternational application No.
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Box No.II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.. 1-122
becauge they relate fo subject matter not required to be searched by this Authority, namely:

Claims 1 (o 122 pertain o methods (ot treatment of the human or animal body by therepy, and thus relale (0 @ subject matler
which this International Searching Authority is not required, under Article 17(2)(a)(i) ot the PCT and Rule 39.1(iv) of the
Regulations under the PCT, to scarch.

2. Claims Nos.: 42-44, 46-50, 52-78, 80-90, 98-105, 114, 119, 120
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful intemational scarch can be carried out, specifically:

the third sentences of Kule 6.4(a).

3. [X] ClaimsNos.: 38-41,45, 51,79, 97, 106-113, 115-118, 121, 122

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Said claims are unclear, since they refer (o claim 38-41. 45, 51, 79, 97, 106-113, 115-118, 121, or 122, which does not [ollow

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Scarching Authority found multiple inventions in this intcrnational application, as follows:

1. I:I As all required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:I As all scarchable claims could be scarched without eftort justitying an additional fee, this Authority did not invite payment
of any additional fcc.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. I:I No required additional scarch fees were timely paid by the applicant. Conscquently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest I:l The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of & prolest [ee.
The additional search fees were accompanied by the applicant'’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation
I:l No protest accompanied the payment of additional search fees

Form PCT/ISA/210 (continuation of first sheel (2)) (July 2008)
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WO 2004-096853 Al 11.11.2004
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20081512577 A2 I 00000 00 O TR

WO

3254



10

15

20

25

30

WO 2008/151257 PCT/US2008/065824

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
prevent or treat inflammation, cancer and other disorders, particularly of the gastrointestinal

tract and the lung.

BACKGROUND OF THE INVENTION

Uroguanylin, guanylin and bacterial ST peptides are structurally related 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 normal functioning of gut physiology.
Therefore, any abnormality in this process could potentially lead to gastrointestinal disorders
such as 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 mucosa can be divided

into three distinct zones based on the proliferation index of epithelial cells. One of these
1
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zoncs, the prolifcrative zonce, consists of undiffcrentiated stem cclls responsible for providing
a constant sourcc of ncw cclls. The stem cclls migrate upward toward the lumen to which
they arc extruded. As they migrate, the cclls losc their capacity to divide and beccome
differentiated for carrying out specialized functions of the Gl 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 mucosa is regulated by continual maintenance of the balance between
proliferation and apoptotic rates (&).

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 expansion of the proliferative zone (10). The proliferation
index has been observed to be much higher in 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 development in the colon and may
constitute a treatment of colon cancer. However, recent data also suggest that uroguanylin
also binds to a currently unknown receptor, which is 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
cancer and anti-inflammatory activities of uroguanylin and its analogs are mediated through

binding to one or both of these receptors.
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Inflammatory bowcl discasc is a gencral name given to a group of disordcers that causc
intestines to becomce inflamed, characterized by red and swollen tissuc. Gastrointestinal (GI)
inflammation can be a chronic condition and often leads to Gl cancer (14). Examples of such
inflammatory bowel diseases (IBD) include Crohn's disecase and ulcerative colitis (UC). It1s
estimated that as many as 1,000,000 Americans are 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 decades of life.

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 intcstine arc 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 GI tract is involved,
Crohn's disease may be referred to as ileitis, regional enteritis, colitis, etc. Crohn's disease
and UC differ from spastic colon or irritable 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
process of 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 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 movement to the villus. It has
become increasingly apparent that the control of cell death is an equally, if not more,
important regulator of cell number and proliferation index (19,20). Reduced rates of
apoptosis arc 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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prolifcration indcx of intcstinal tissuc (20), which may lcad to GI inflammatory discascs and
canccr.

Uroguanylin and guanylin pcptides also appcar to promotc apoptosis by controlling
cellular ion flux. Alterations in apoptosis have been associated with tumor progression to the
metastatic phenotype. While a primary gastrointestinal (GI) cancer is 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 discase, IBS does not cause the serious
inflammation or changes in bowel tissue and it 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 inflammation, albeit low-grade, in IBS, and of symptom overlap between IBS and celiac
disease, this contention has come under question. Acute bacterial gastroenteritis 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 shown that
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.
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SUMMARY OF 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 enzymes present in the
stimulated human intestinal juices and human gastric 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 can be increased by
enhancing intracellular production of cGMP and/or by 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 (¢.g., bronchitis or asthma) or skin inflammation (c.g., psoriasis, cczcma) .
Lung Disordcrs includc for cxamplc chronic obstructive pulmonary discasc ( COPD), and
fibrosis. Canccr includcs tissuc and organ carcinogencsis including mctatascs 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 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. Eyc disorders includce for cxamplce incrcascd intra-
ocular pressure, glaucoma, dry cycs retinal degencration, disorders of tcar glands or cyc
inflammation. Skin disordcrs include for cxamplc xcrosis. Oral disordcers includc for
example dry mouth (xerostomia), Sjogren's syndrome, gum discases (e.g., periodontal
discase), 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: 2-54 and 57-98 and to 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 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 amino acids from a peptide of SEQ ID
NOs 2-54 and 57-98 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, 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 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 of peptide present should be sufficient to have a positive therapeutic
effect when administered to a patient (typically, between 100 g and 3 g). What constitutes a
"positive therapeutic cffect” will depend upon the particular condition being trecated and will
include any significant improvement in a condition readily recognized by one of skill in the
art. For example, it may constitute a reduction in inflammation, shrinkage of polyps or
tumors, a reduction in metastatic lesions, ctc.

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-PDE inhibitor include

for example suldinac sulfone, zaprinast, and motapizone, vardenifil, and sildenafil. In

6
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addition, GC-C agonist pcptides may be uscd in combination with inhibitors of cyclic
nuclcotide transportcrs.
Optionally, anti-inflammatory agents arc also administcred. 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 measuring its ability to stimulate cGMP synthesis in T84 cells. Following the
incubations, samples were used for their abilities to stimulate cGMP synthesis in T84 cells.
The ¢cGMP stimulation 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. The data 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 SGF at indicated times. The major peak of SP-304 did
not change following incubation with SGF, indicating that the peptide was resistant to SGF

digestion. The arrows indicate the elution position of SP-304.

Figure 2A is a bar chart showing Cyclic GMP synthesis in T84 cells by SP304 samples after
incubation with simulated intestinal fluid (SIF) for the indicated times. Following the

incubations, samples were used for their abilities to stimulate cGMP synthesis in T84 cells.

The ¢cGMP stimulation 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

percentage of 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 *. Arrows indicate the position of SP-304.

Figure 3 is a schematic representation of the possible degradation products of SP-304.
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Figurc 4 shows stimulation of cGMP synthcsis in T84 cclls by the truncated peptides of SP-
304. Thus, SP-338 has thc samc peptide scquence as SP-304 cxcept that it lacks Lcu at the C-
terminus. Similarly, SP-327, SP-329 and SP-331 havc Lcu at their C-termini deleted rclative
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 shows stimulation 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 cGMP levels. Results are expressed as an average of triplicates + SD.

Figure 6 shows stimulation of cGMP synthesis in T84 cells by SP-339 and other peptides.
T84 Cells were exposed to the indicated peptide for 30 min and cell lysates were used to

determine intracellular cGMP levels. Results are expressed as an average of triplicates = SD.

Figure 7A shows stability 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 used to stimulate cyclic GMP synthesis in
T&4 cells. The cGMP stimulation activity at 0 min was taken as 100% in each set. The data

is average of triplicates + SD.

Figure 7B shows stability 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 STF. 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 cGMP stimulation activity at 0 min was taken as 100% in each set. The data

is average of triplicates + SD.

Figure 7C shows stability 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 cGMP stimulation activity at 0 min was taken as 100% in each

set. The data is average of 3 determinations + SD.
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Figurc 7D shows HPLC analysis of samplcs of SP-304 at 0 and 60 minutcs following
incubation with STF. Arrow indicates the clution position of SP-304 peptide. The data clcarly
shows that thc SP-304 pcak cluting at 14.3 min complctcly vanished and two ncw peaks
emerged at 7.4 and 10.3 minutes. These new peptide peaks represent the possible

degradation products of SP-304.

Figurc 7E shows HPLC analysis of samplcs of SP-332 at 0 and 120 minutcs following
incubation with SIF. Arrow indicates the elution position of SP-332 peptide. The data shows
that the peptide SP-332 cluting at 14.8 minutes was not changed following incubation with
SIF, suggesting that SP-332 is not sensitive to proteolysis by protcases present in SIF.

Figure 7F shows HPLC analysis of samples of SP-333 at 0 and 120 minutes following
incubation 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 shows stimulation of cGMP synthesis in T84 cells by the peggylated analogs of SP-
333. T84 cells were exposed to the indicated peptides for 30 min and cell lysates were used
to determine intracellular cGMP levels. Results are expressed as an average of triplicates &

SD.

Figure 9 shows stimulation 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 puM). T&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 shows stimulation of cGMP synthesis in T84 cells by SP-304 (0.1 or 1.0 pM)
either alone or in combination with incremental concentrations of phosphodiesterase (PDE)
inhibitors, as indicated. T84 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 11 shows stimulation 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

3263



10

15

20

25

WO 2008/151257 PCT/US2008/065824

were cxposcd to various trcatments, as indicated, for 30 min and the ccll lysates were used to

dcterming the intraccllular cGMP levels. Results arc expressed as an average of duplicates.

Figure 12 shows stimulation 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 cGMP levels. 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 and by 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 cGMP in 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 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 human intestinal juices and human gastric 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 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 causes an 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 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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§P335 | C4CL2, | dAsndAsp ™Gl ™Cys ™G’ -Len™Cys -Vl ™-Ase’- Vel ™ Ala™Cys ™ T Gy ™ Cys"“-dLen® Il
CTC13

P36 | C4C12, | dAsn™AspGlr’Cys™GlLen®CysVal™Asn™Val™Ala™ Cys ™ The™ Gly ™ Cys ™ Leu'® 12
(1013

SP337 | C4C12, | dAsn-Asp -Gl -Cys"Ghr-dLen”-Cys -Val“As-Val Al -Cys Thr"Gly™-Cys -dLen” 3
715

SP-338 | C4CL2, | Asn-AspGhr-Cos™Glr™Len"Cys -Val “AsVal Al Cys-Thr"Gly™Cys”~ 14
TC15

$P34 | C4C12, | PEG3-Ast-Asp™Glr-Cys -Gl Leu™Cys-Val™Ase Vel ™-Ala™Cys ™ Thr -Gy "Cys e PEG3 | 13
715

SP-343 | C4CL, | PEG3-dAsn -AspGlr'-Cys™Glr-Leu™Cys -Vl -As -Val -AlaCys Thr-Gly"Cys -dLen PEG3 | 16
(7:C13

SP-344 | C4C12, | PEGI-dAsndAsp-Glu'Cys™Gr-Leu"Cys -Vl As’ValAl™-Cys - Thr"Gly™"Cys “dLen PEG3 | 17
C1C13

SP347 | C4C12, | dAsn-AsyGhr’Cys™Glr’-Leu'Cys -Val"-Asr -Val ™-Ala-Cys ™ Thr Gly "-Cys"-dLeu " PEG3 18
(1:C13

SP-348 | C4:C12, | PRG3-Asn -Asp-Glu-Cys™GhrLen™Cys -Val At -Val ™Al -Cys -Thr"-Gly™Cys -dLen” 19
CL5

SP-350 | C4C1, | PEG3-dAsn -AspGlu'Cys™Glu-Leu™Cys -Val™As-Val AlaCys “Thr™-Gly " Cys dLey” 2
C7C13

$P352 | C4C12, | Asn-Asp™Glu'Cys™Gl’-Len'Cys -Val'-Asn’Val Al -Cys"The"-Gly ™ Cys "dLeu“-PEG3 il
CT:C13

SP-358 | C4:C12, | PRG3-dAsa™dAsp-dGh™Cys Gl Lo™Cys-Val-Asn™-Val"™Ala"Cys “Thr™Gly™ Cys™dLeu *PEG3 | 22
C1C13

$P359 | C4CL2, | PEG3-dAsn-dAsp™dGh’Cys™Glu Len®Cys-Val-AstrVal ™ Als™Cys Thr™ Gly™.CysP-dLen® 3
CTC13
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SP360 | C4CL2, | dAsn’dAsp™0GI™Cys Gl Len™Cys'Val™-Ase’- Vel ™ Ala"-Cys ™ Thr - Gy ™Cys"-dLen PEG3 4
CTC13

SP361 | C4CL2, | dAsn™dAsp™Ghr-Cys™Ghn’Len™Cys'-Val™Asn’Val'™ Al Cys™ Tar™ Gly™ Cys " dLen™ -PEG) %
(1013

$P362 | C4C12, | PEG3-dAsn -dAsy™-Glu™CysGlu™Leu"Cys -Val™-Ast™-Val Al -Cys ~TrGly -Cys ™dLen %
(7C13

SP-368 | C4C12, | dAsn-Asp™Ghn’Cys-Gl™-Leo”Cys -Val™-Asn™-Val "Ala"-Cys - The-Gly™Cys -dNel 7
(1013

SP369 | C4C12, | dAsn-Asy-Ghr-Cys-Glr™-Leu"Cys -AIB Ast’-AIB - Ala-Cys - Thr -Gy ™Cys -dLeu” %
(7:C13

SPAT0 | C4C12, | dAsn-Asy™Gh’Cys™Giu™-Leo® Asp[Lactam] -Val™Asn -Vl Al"-Cys “Thr "Gy Orm "-Lew” 29
715

SP371 | C4C12, | dAsn-Asp™Gly™Cys™Ghr-Tyr™Cys ValAsn™-Val - Ala"-Cys The"Gly™-Cys L © 30
(7013

SP3T2 | G412, | dAsn-Asy-Gh’Cys-Glr™-Ser™Cys -Val™-Asn-Val Ala-Cys - Thr -Gl ™Cys -dLen” 31
(7:C13

NI | C4CL, | PEG3-dAsn™AspGlu™Cys'Glu-Tyr'Cys -Val-Ast -Val ™Al -Cys -Thr™-Gly -Cys ~dLeu PEG3 | 32
C1C13

N2 [ C4C12, | PEG3-dAsn“Asy-Ghr-Cys™Gh-Tyr'Cys -Val-Asn - Val™-Al™Cys™ Thr™ Gl Cys dLev” iE
(7C13

NS C4CL, | dAsnAsplCys'Glr-Tyr"Cys™-Val™Asn™ Val ™ Ala™-Cys ~Thr Gy ™Cys™dLex ® PEG) 3%
715

Ne | C4CL, | PEG-dAsn’-Asp-Glu™Cys'Glu-Ser’-Cys -Val-Asn™Val " Ala"-Cys™ T Gly ™ Cysdleu”* PEG3 | 35
(1013

NS | C4CI, | PEG3-dAsn’™Asp™Ghr'Cys™Glr™-Ser”Cys -Val™Asn ™Vl Ala"Cys ™ Thr™ Gly *Cys™dLev* %
(1013

N6 | C4CI, | dhsn'-AspGe'CysGlr-Ser'Cys'-Val™Asn -Vl ™Al -Cys ™ Thr Gly"Cys -dLen” -PEG3 31
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NI G412, | AsAsy™GIrCysGIr-Len"Cys -Val'-Ast’Val A" Cys - The™ Gly™ Cys"-Ser" 3
CT:C13

NS | C4CI, | PEG3-Ast-Asp™Glu'-Cys™Glu’Leu™Cys-Val Asr’-Val -Ala"Cys - Th".Gly"Cys “8e"PEGT | 39
(7015

NO | C4CL, | PEG-Ast-Asy-Glu-Cys™Ghy'Ler™Cys'-ValAst’Val ™Ala"Cys™Thr " Gly"Cys ™Ser” 4
(7:C13

NID | C4012, | Asn-Asp ™G Cys™GrLen'Cys -Vl Asn-Val" Al Cys”-The Gy ™ Cys ™ Ser-PEG3 4l
C7Cl5

NI | C4CL2, | PLGS-Ast™-AspGh-Cys Gl Leu™Cys - ValAsu’Val "-AlaCys Tar -Gy Cys ™-dSer PLG3 |42
(70138

N [ C4CL, | PEG-Ast-Asp™Glu-Cys™Gh'-Leu™Cys-Val-Asr'-Val ™ Ala™Cys - ThrGly Cys"-dSer" 2
(113

NI |41, | Ast-Asp™Glr™CysGlr’Lea™Cys -Val™-Asn ™Vl AL Cys™The™ Gy ™Cys S -PEG) 4
C7C15

Formyla | C4C12, | Asa-Asp-Glu-Cys™Xaz -Xaa -Cys -Xaz'-Xaa -Xea -Xea -Cys -Xaa -Xaa -Cys -Xea I

I (7:C13

Formula | C4:C12, Xaaqﬂ-Cys4-Xaaj-Xaaﬁ-Cysj-Xazf-Xaag-)(aal']-Xaal1-Cysl2-XaaB-XaaH-Cysl5-Xaang16 46

I (7013

Formula | 412,7:1 | XaayMaa™ Gy -Xaa'Maa -Val-Asn-Val Al Maa"Thr' Gl Maa - Xaay, I

I 5

Formula | 4127:1 | Xaa,; - Maa*-Xoa™Xaa' Man Xao™Xaa™-Xaa™Xaa'- Maa ™ Xea"-Xaa ™ Maa "-Xae,p BN

N3

Formula | C4C12, | Asn'-Asp™Asp™Cys'Xaa™Xaa'Cys'Xaa' Asr'Xaa"-Xaa -Cys™Xaa™Xaa "-Cys ™ Xaa" 49

VoS

Formula | C4C12, | dAsn’Ghr™Ghr'Cys'Xaa'Xaa"Cys X3 Asn'-Xaa -Xea' -Cys"Xan -Xaa""-Cys--Xan* 30

vl 715

Formula | C4C12, | dAsn'dGhr™-Asp-Cys™-Xar'XanCys -Xaa -Asn -Xaa -Xaa -Cys -Xen -Xaa -Cys 0-Kaa'" il

i 715

LETTIST/800T OAA

FTV8ES90/800TSMN/ LA

3268



PCT/US2008/065824

WO 2008/151257

Sl

. i i fbﬁ TLOWO

8¢ -2@6-:3@- ) H-ﬁﬁ@-:ﬁ?io&- USY- SA)-, SAD)- 105~ ]D)- %%UA?O-%&-E@« ‘90:e0 £6e-dS
€160
¢Ddd-, KL ‘01020

LS - oS80, A1D-| (L~ SED- B[V~ 01d-, USY- 8- SK)- IAT - n[D)- sA)- s£)-¢DHTd ‘9010 6r€-dS
€160
. ) '010:20

96 mm\,o-sbw-:ﬁh-zm%o- LIV-,01d- hnm<-%>o-mmmu-¢§ 1- mEO-mm\AO-%mU ‘99110 Ore-dsS
€160
‘019:20

cG zbﬁl-mﬁmzo-z\ﬁ@-ﬁﬁEH-oﬁ.iQ-%E-moﬂ.hnma?%xo-mmxu.mzh-m::u-mio-%»u ‘9910 6cc-dS
spuoq
SpymsI(q

'ON 1 OdS ampnng | Jo woysog sweN

sopndod w0 'II 919BL

STOLD X1

7S G PEXP m\ﬂo-iﬂdm-mgumw M@mu.ﬁ [eeX-) veX- Qbm I wﬁdm-nm»u- JEEX- X~ wm\AQ- JIOP- NOP- USYP | TIDipD | gnuuog
(MEN)

) SIDNUD IA

€S o BX P SAD-, eeX- v, $KD- veX - weX- JA] - BeX- SA)- eeX- peX- SA)- MEO@-N%/%;%% TIDWD | emuog
(MEN)

SIDLD A

49 5 (BUX-D- SAD-, BBX- BBX-  SAD-  BEX-) BeN- USV- BeX- SA)- peX- BBX- SAD-N[D- dSyD- usyD | T[DipD | e[umiog

3269



PCT/US2008/065824

WO 2008/151257

91

GLLO )
, LSS0 | gopy | OHEdS
L9 A UL SED- | BIV- 014~ USY- SAD- SAD- M1 - N[D- SAD- SAD- 9Ug- usyp ‘80:€0
GL:LO )
. o AIP- 6D ‘TLOHO BLEdS
99 A1 UL SKD- | BIV - O1d- SV~ 8AD)- SAD- L - N[D-,5KD- S4)- 04 - USY ‘80180
GLiLO .
o HALP- K0 TLOPO LLeds
59 o A0 L 8D BIV~ OFd- TS V- 84D~ SAD- 195~ D)~ 8AD- $4D- 974~ USYP ‘80:£0
G120 .
o TAL- S50 ‘2100 oLEds
79 D= UL 8D BV O3-S V-84~ 84D~ 19G- N[D)- $KD- SAD- 27 - USyp ‘90:e0
G120 .
) ) o ALP ‘TLOWD sLEdS
€9 | S0 A1 ML SED- | oIV - OFd - US V- 8K~ 860,108 - N[0~ 8D~ SA)- - usY ‘80:€0
GLLO .
) B O B AR5 2o rLeds
79 - AID- UL~ SAD- BV~ 0Id- USV-SKD- SAD- WL~ NID- s~ SA)- 2yd- usy ‘80:€D
€160
‘01020
19 | AL 380~ A1) HUL-) SAD- IV 04d - USY- 34D SAD- JAL- 1D~ sED- sED-eDdd ‘90110 LSE-dS
£1:60
) ) ) ‘01L0:20
09 o ALP-¢ $AD- AID- UL SAD- RV -, 01d- US Y- SAD- SAD- AL - N[D- SAD- SAD ‘92110 §ce-ds
6129
o FAL AN 28]
66 | =S80, AID-¢ JUL-, SAD- | Bl OLd- USY-SAD- S£D- 00 d- ND- SKD- K. 0 d- USY ‘80:€0 7C€-dS

G140

3270



PCT/US2008/065824

WO 2008/151257

L1

GL:L0
EDHd AL K0, AID FARON 28]

9L ~ ML, SAD- B1V =, 01~ USV - SKD- $4D- 195~ N[D- SAD)- 84D~ Ud- USY -£DAd ‘80:€D LIN
£1:60
) ) ‘010:20

SL EDHd ¢S4, A1 FUL- SA)- BV -,08d- US Y- ,SAD- SKD)- 1AL - N[N~ s£)- 5K ‘9010 9IN
€1:60
‘01020

bl SR, A1~ 1= SAD- 2TV~ 01d- USY- SAD)- KD~ IAT- N0~ $6)- SAD)-¢0Ad ‘90:L0 SIN
€160
£0dd ‘01022

£L =150, A1D- U1~ SAD- TV~ 01d- USY - SAD- SAD- IA T - n[D)- s~ sAD-¢0dd ‘90110 vIN
€1:60
. ) '010:20

7L | €98d-, JAL- SAD-, AID- JUL-, SAD- BV~ 01d- USY- SAD)- SAD- JAT - N[O~ SAD)- 8D ‘90110 y8¢dS
Gl:LD
o FKIP- KD ‘TLOP0

1L - A1 UL, SAD- | BIV-( 01~ USY - 8K~ SKD- A - N[D-,SAD)- S4)- a1 g - TSy ‘9060 £8¢-dS

G20 .

o AL~ KD AN 0] cyeds
0L - A0~ L=, KD BIY - 01d-US Y- SKD)- SAD- Qyd- 1)~ SAD)- KD 2y (- usyp ‘80:€0
G1:L0
) oI SED | 2100

69 - A1~ WL~ KD~ BIV -, 01d- USY- SK0)- SAD)- 00 d- Nf)- 8K0)- K- oY J- USy ‘80:€0 18¢-dS
G1:L0
. S.H.%,Hmvnmﬁm%u .NFO..VO

89 o AL~ UL, S8 BV~ 03d- USY - 88D $AD- 1 - n[D)- 8K~ 84D~ 904~ USyp ‘80:£0 08¢-dS

3271



PCT/US2008/065824

WO 2008/151257

8L

c8 Ebm L SAD- sb@. L %mo-%?-xoﬁ- JUSY- %xu-mm\ﬁo- JOS-¢nD- %»O-%%U ‘97:10 97N
GL:L0
. mwm..m-ﬁbﬁl-ﬂmmo THOPO

78 -EEU- UL smmo- 81V, 0L~ USY- mmmu-hio- @& L- D %%u-mm\»o- AYd- usy ‘90:€D SIN
G1:LO
o ) oL 36D AID | 210D

£8 = UL~ 88D BIV -, OLd - US Y- SAD)- SAD- I - ND- SAD)- $K)- OUd- ISV -£DTd ‘800 PIN
GL:LO
 €0dd, AL 880, AID ‘ZLO0

78 = L~ SAD- | BIV- OXd - USY- SAD)- SAD-IAT - MO~ SAD- $K)- OUd- USY -¢DTd ‘80'€0 £IN
GL-LO
€0dd-, AL-SD | '2HOW0

18 D g ML S8 PV~ 03d- ISV~ 6D SAD- PYd- D~ S8~ SK7- 94 d- USY ‘80:€0 N
GL:LD
. 3 oL S8, A1D ‘2LOv0

08 ~o ML 880 BIV -, 07 UV~ 84D- 4D U~ NID- 880 840 04d- USY -€DAd ‘80ED IZN
GL:Lo
. 0y KL SO, A0 | 21010

6L - UL, KD~ BIV - 01d- OSV- SAD- SAD- 00 d- N[D- SLD- $4D- dYd- USY -¢DHd ‘969 0ZN
GLiLD
. €0dd-, KL~ 4D ZLOH0D

8L -, A1D- ML~ SAD- B[V, 01d- USY- %»U- h@G. 20S- WEG-%S- mm\mo. AUd- Usy ‘9760 6IN
GL:LO
) oML 88D, A1D AN 28]

LL “er ML SAD- (BIV - O - US Y~ SO~ $4D- 198~ MiD)- SAD- SAD- 91 d- UsY -€Ddd ‘0:€D 9IN

3272



PCT/US2008/065824

WO 2008/151257

ol

61 ¥EX5AD FAJe5%0) X

€6 | 20X~ peX -, SAD oY - veX- eeY - SAD)- 84D Oyd- eX - 8- 8AD)- oy - usy ‘a0:80 BINULIO |
LZ:€L0
) PBX- SAD-( BEX - BRX - SKD-, BRX- BRY- PRX .m 1D:0LD

w0 - 580 88D -,,0Ud- BBX- 86D SK0-, 91 - USY- bEX- BEX- EEX- BEX PEX- EEX 71960 | IX pnwiog
12€L0
. R TR QUL QNN UILL QL QR ¢ 810:0L0

16 - :W%O- :@G-ﬁb» L~ eeX- Emzu- %%O- wbm L - USY - veX- PeX- eX-PeX PeX- BEX ‘$19:60 | X enuoq
€LG

06 - A1D-| T~ USd- B[V-,01d-, US Y-, U0J- U3~ JAT {1 D)- UB]- US] 0129t TEN
e

68 o AL - A1D- | T L~ URd - B[V~ 01d- USY- Ud - Udd- IAL-EN[D-Udd-udd | ‘01 ‘9’1 0EN
£1:60
‘019:20

88 580 A1D- UL KD~ BV - 0Id - USY - 86D~ SK)- oud-gn[D)- SA)- SAD) ‘90°'L0 6IN
£1:G60
i ‘010:20

L8 -S40~ A1D-, L~ SAD- PIV-0Ld- USY- KD~ $AD)- 10§-¢n[D)- sA)- 4D ‘90110 8TN
€1:60
‘013:20

98 AL 58D, A1D- U L~ SAD- B[V - 01d- USY - SA)- SA)- DU d-eNH)- SE)- 56D 92110 LIN
€160

'010:20

3273



PCT/US2008/065824

WO 2008/151257

0¢

“eex €16 IAX

86 | ¢ PPN~ PBX- | PBX -, PRIA- BEX- BB X~ BBX- BRIN- PRIN- BEX- mmmvn-mmmz.ﬁmmz.mqmmx ‘01:2 ‘9:1L B[OULIO ]
€Lg IAX

L6 - BN A1D- T L BB BTV (01~ USY- BN - BRI - BeX-¢ND- BEN- RN | ‘0112 '9') BJNULIO]
€16 AX

96 SSH.QQE-SEU.Hﬁﬁr_‘.o%wz.mﬁarwoﬁ- SV EEIN- BEIA - BBX-CN[D)- BRIN- BE]\ ‘01:Z ‘91 B0
56 - (BBX B8Nl BB - BBX " BEX - BBN BBy BEX - BBX - BB BBIN- SUd - USY ‘CLiv ‘e B[OULIO ]
o PEX ;58D G0 111D¢

b6 | 88X~ BEX -TTSAD. BeX -, PeX-eX - U] SAD-,9UJ- LY -,SA)- U9d- 9] - USY AN A 2TOULIO ]

GL:LD

3274



10

15

20

25

30

WO 2008/151257 PCT/US2008/065824

The GCRA peptides described hercin bind the guanylate cyclasc C (GC-C) and stimulatc
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 morc intraccllular cGMP comparcd to naturally
occurring GC-C angonists and/or SP-304. The tcrms induccd and stimulated arc uscd
intcrchangcably throughout the specification. The GCRA pceptides described hercin arc more
stable than naturally occurring GC-C agonists and/or SP-304. By more¢ stable 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 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), 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 (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 discase (COPD), and fibrosis. 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
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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. bladdcer cancer or kidney cancer); blood
cancer (e.g. myecloma 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 cyc inflammation. Skin disorders include for cxamplc xcrosis. Oral disorders include for
cxamplc dry mouth (xcrostomia), Sjogren's syndrome, gum discascs (e.g., pcriodontal discasc),
or salivary gland duct blockagc or malfunction. Prostatc disordcrs include for cxamplc 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
compounds that 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 and stimulate
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 where certain 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 (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 known to facilitate administration and/or enhance uptake. Other formulations, such

as microspheres, nanoparticles, liposomes, and immunologically-based systems may also be used
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in accordance with the present invention. Other examples include formulations with polymers
(e.g., 20% w/v polycthylene glycol) or ccllulosc, 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 cGMP levels, 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 concept is that the rclcasc of arachidonic acid from membranc
phospholipids, which Icads to the activation of cytoplasmic phospholipasc A2 (cPLA?2),
cyclooxygenasc-2 (COX-2) and possibly 5-lipoxygcnasc (5-L.O) during the proccss 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 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 means of treating 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 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, eczema). Lung Disorders include for
example COPD and fibrosis. 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 (e.g., melanoma); oral cancer;

urinary tract cancer (e.g. bladder cancer or kidney cancer); blood cancer (e.g. myeloma or

23

3277



10

15

20

25

30

WO 2008/151257 PCT/US2008/065824

leukemia) or prostate cancer. Cardiac disorders include for example, congestive heart failure,
trachca cardia hypcertension, 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 disecases (e.g., periodontal discase), or salivary gland
duct blockagc or malfunction. Prostatc disorders include for cxamplc Benign prostatic
hypcrplasia (BPH). Endocrinc disordcrs include for cxample diabetes mellitus, hyperthyroidism,
hypothyroidism, and cystic fibrosis.

Without intending to be bound by any theory, it is envisioned that ion transport across the
plasma membrane may prove to be an important regulator of the balance between cell
proliferation and apoptosis that will be atfected 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 shown to 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 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), 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 inflammation such as kidney
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inflammation (e.g., nephritis), gastrointestinal system inflammation (e.g., Crohn’s disease and
ulccrative colitis); pancrcatic 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), and fibrosis. 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, gallbladdcr cancer, or colon cancer; lung cancer; thyroid cancer; skin cancer (e.g.,
mclanoma); oral canccr; urinary tract cancer (e.g. bladdcr cancer or kidncy canccer); blood cancer
(e.g. mycloma or Icukcmia) or prostatc cancer. Cardiac disorders include for cxample,
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.

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 E. 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 onc aspcct, the invention provides a GCRA peptide. The GCRA peptides arc
analogues uroguanylin and bacterial ST peptide. No particular length is implied by the term
“peptide”. In some embodiments, the GCRA peptide is less than 25 amino acids in 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-amino acids, or a combination

of both. For example, in various embodiments, the peptides are D retro-inverso peptides. The
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term ‘‘retro-inverso isomer” refers to an isomer of a linear peptide in which the direction of the
scquence is reversed and the chirality of cach amino acid residuc is inverted. See, e.g., Jameson
et al., Nature, 368, 744-746 (1994); Brady ef 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 scquence of the invention may be madc into an D rctro-inverso peptide by
synthcsizing a reverse of the scquence for the corrcsponding native L-amino acid scquence. For
cxamplc a GCRA peptide includes the scquence of SEQ ID NO: SEQ 1D NO:2-54, and SEQ 1D
NO: 57-98. In various embodiments, the GCRA peptide includes the amino acid sequence of
SEQ ID NO:45-54 and SEQ 1D NQO:87-98 where the peptide induces cGMP production by a cell.
In various embodiments the GCRA peptide of the invention includes the amino acid sequence
according to Formulas [-1X (e.g. SEQ ID NO:45-54) with the proviso that the GCRA peptide is
not SEQ ID NO:1. In further embodiments the GCRA peptide 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 induces the production of intracellular cGMP. Intracellular
cGMP is measured by methods known in 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., programmed cell 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 1D
NO:1), SP-339 (SEQ ID NO: 55) or SP-340 (SEQ ID NO: 56). By more stable 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 uscd hercin, (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; M,, is a Cysteine (Cys), Penicillamine (Pen) homocysteine, or 3-mercaptoproline;
Xaay 18 meant to denote an amino acid sequence of any any natural, unnatural amino acid or
amino acid analogue that is one, two or three residues in length; Xaa,, is meant to denote an
amino acid scqucnce of any any natural, unnatural amino acid or amino acid analoguc that is
zcro or onc residuc in length; and Xaa,; is meant to denotc an amino acid scquence of any any
natural, unnatural amino acid or amino acid analoguc that is zcro, ong¢, two, three, four, five or
six residues in length. Additionally, any amino acid represented by Xaa, Xaa,;, Xaan,, or Xaanz
may be an L-amino acid, a D-amino acid, a methylated amino acid or any combination of
thereof. Optionally, any GCRA peptide represented by Formulas I-VII 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 polymers thereof.

In some embodiments, GCRA peptides include peptides containing the amino acid
sequence of Formula I, wherein at at least one amino acid of Formula 1 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 Formula I is a d-leucine or a d-serine. Optionally, one or more of
the amino acids 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 I is a D-amino acids or a methylated amino acid. Preferably,

the amino acid at position Xaa® of Formula | is a leucine, serine or tyrosine.

In alternative embodiments, GCRA peptides include peptides containing containing the
amino acid sequence of Formula II, wherein at least one amino acid of Formula I1 is a D-amino
acid or a methylated amino acid. Preferably, the amino acid denoted by Xaa,, of Formula I1 is a
D-amino acid or a methylated amino acid. In some embodimenst the amino acid denoted by
Xaay, of Formula II is a leucine, d-leucine, serine or d-serine. Preferably, the one or more of the
amino acids denoted by Xaa,; of Formula II is a D-amino acid or a methylated amino acid.

Preferably, the amino acid at position Xaa® of Formula I is a leucine, serine or tyrosine.
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In some embodiments, GCRA peptides include peptides containing the amino acid
scquence of Formula III, whercin 1) at at lcast onc amino acid of Formula I is a D-amino acid or
a methylated amino acid and/or 2) Maa is not a cysteine. Preferably, the amino acid denoted by
Xaan, of Formula II1 is a D-amino acid or a methylated amino acid. In some embodiments the
amino acid denoted by Xaan, of Formula 111 is a leucine, d-leucine, sering or d-serine.
Preferably, the one or more of the amino acids denoted by Xaa,, of Formula I1T is a D-amino
acid or a mcthylated amino acid. Prcfcrably, the amino acid at position Xaa® of Formula 111 is a

lcucine, scrinc or tyrosinc.

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-amino acid
or a methylated amino acid and/or 2) Maa is not a cysteine. Preferably, the Xaa,,; of Formula [V
is a D-amino acid or a methylated amino acid. In some embodimenst the amino acid denoted by
Xaa,, of Formula IV is a leucine, d-leucing, 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 amino acid.
Preferably, the amino acid denoted Xaa® of Formula IV is a leucine , sering 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-amino acid 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 amino acid at position 16 (i.c., Xaa'®) of
Formula V is a d-leucine or a d-serine. Optionally, one or more of the amino acids at position 1-
3 of Formula V 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 V is a D-amino acids or a methylated amino acid. Preferably, the amino acid denoted at

Xaa’ of Formula V is a leucine, serine or tyrosine.

In additional embodiments, GCRA peptides 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, VIII, IX. is a leucine, serine or tyrosine. In some aspects the amino acid at
position 16 of Formula VI, VII, VIII, IX is a leucine or a serine. Preferably, the amino acid at

position 16 of Formula V is a D-amino acid 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, X1, XII, XIII, 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 of the peptides
according to Formulas X, X1, XII, XIII, XIV, XV, XVI or XVII is a4 D-amino acid or a
methylated amino acid. For example the the amino acid at the carboxy terminus of the peptides

according to Formulas X, X1, XII, XIII, 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 X1V is a phenyalanine
or a serine. Preferably, the amino acid denoted by Xaa' of Formula XV,XVlor XVllisa
tyrosine, phenyalanine or a serine. Most preferably, the amino acid position Xaa® of Formula V,

XVIor XVII is a phenyalanine or 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 amino acid or a naturally or non-naturally occurring amino
acid analog. There arc many amino acids 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-
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 amino acid
can be substituted by the D-form of the amino acid.

With regard to non-naturally occurring amino acids or 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, glutamine residues can be substituted with gamma-Hydroxy-Glu or
gamma- Carboxy-Glu. Tyrosinc rcsiducs can be substitutcd with an alpha substitutcd 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-1-yl)-Ala; beta-(2-Pyridyl)-Ala; beta-(3-Pyridyl)-Ala; Amino-Phe; Fluoro-Phe;
Cyclohexyl-Gly; tBu-Gly; beta-(3-benzothicnyl)-Ala; beta-(2-thienyl)-Ala; 5-Mcthyl-Trp; and
A- Mcthyl-Trp. Prolinc residucs can be substituted with homopro (L-pipccolic 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 (I./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 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
photoactivatable cross-linker; a spin-labeled amino acid; a fluorescent amino acid; an amino acid
with a novel functional group; an amino acid that covalently or noncovalently interacts with
another molecule; a metal binding amino acid; an amino acid 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 amino acid; 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, ISN, or 18O); 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 amino acid, 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 a-hydroxy
containing acid; an amino thio acid containing amino acid; an a, o disubstitutcd amino acid; a 3-
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 phosphonoscrine; a phosphonotyrosinge; a p-
iodo-phenylalaning; a 4-fluorophenylglycinge; a p-bromophenylalaning; a p-amino-L-
phenylalanine; an isopropyl-L-phenylalanine; L-3-(2-naphthyl)alaninc; D- 3-(2-naphthyl)alaninc
(dNal); an amino-, isopropyl-, or O-allyl-containing phenylalanine analogue; a dopa, 0-methyl-
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); e-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 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 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 mcthods 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 KsFe(CN)g at pH 8.5] (Samson et al., Erdocrinology, 137: 5182-5185
(1996)), or between two amino acid side chains, such as cysteine. Sece, e.g., DeGrado, Adv
Protein Chem, 39: 51-124 (1988). In various aspects the GCRA peptides are [4,12; 7,15]
bicycles.
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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); B3, B dimethylcysteine
(Hunt et 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)NHCH 2- 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=CHCH 2-), an ether linkage (-CH2CH2OCH2- or -CH20OCH2CH2-), a thioether linkage (-
CH2CH2SCH2- or - CH2SCH2CH2-), an amine linkage (-CH2CH2NHCH2- or -CH2NHCH
2CH2-) or a thioamide linkage (-CHZCH(S )HNHCH 2- or -CHZNHCH(S)CH 2-). For example,
Lcdu ct al. (Proc Nat'l Acad. Sci. 100:11263-78, 2003) dcscribe methods for preparing lactam
and amide cross-links. Exemplary GCRA peptides which include a lactam bridge include for
cxample 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 increase half-life in the digestive tract. Bonds that can replace polypeptide bonds
include: a retro-inverso bond (C(O)-NH instead of NH-C(O); a reduced amide bond (NH-CH?2);
a thiomethylene bond (S-CH2 or CH2-S); an oxomethylene bond (0-CH 2 or CH2-0); an
ethylene bond (CH2-CH2); a thioamide bond (C(S)-NH); a trans-olefine bond (CH=CH); a
fiuoro substituted trans-olefime 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
occur at 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-1,3-Diazole), p-
nitro-anilidc, rhodaminc B, EDANS (5-((2-aminocthyl)amino)naphthalcne-1- sulfonic acid),
dabcyl, dabsyl, dansyl, tcxas rcd, FMOC, and Tamra (Tctramcthylrhodaminc). The GCRA
peptides described herein may also be conjugated to, for cxample, polycthylenc 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 KLLH (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

some or 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
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, it is meant that cGMP and or 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 morc predicted non-cssential amino acid residucs. A "conscrvative amino acid substitution” is
onc in which the amino acid residuc is replaced with an amino acid residuc having a similar sidc

chain. Familics of amino acid rcsiducs having similar sidc chains have been defined in the art.
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These families include amino acids with basic side chains (e.g., lysine, arginine, histidine), acidic
sidc 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-branched side
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 sidc chain family. Alternatively, in
anothcr cmbodiment, mutations can be introducced randomly along all or part of a GCRA coding
scquence, such as by saturation mutagencsis, and the resultant mutants can be screenced to

identify mutants that retain activity.

Also included within the meaning of substantially homologous is any GCRA peptide
which may be 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 phase or solid
phase peptide synthesis techniques, in which a peptide linkage occurs through the direct
condensation of the amino group of onc amino acid with the carboxy group of thc other 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 of the first
and of the carboxyl group of the second amino acid. The masking substituents must permit their

ready removal, without inducing breakdown of the labile peptide molecule.

In solution phase synthesis, a wide variety of coupling methods and protecting groups
may be uscd (See, Gross and Mcicnhofer, cds., "The Peptides: Analysis, Synthcesis, 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,

carcful 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
polymer for support during organic synthesis. The polymcr-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

thc Boc or Fmoc stratcgy, which arc well known in the art.

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
acctic 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 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 M 13 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. Suitablc bactcrial hosts include but arc not
limited to, E. coli, B subtilis, Psecudomonas, 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 SCquenccs.

A variety of transcriptional control sequences are well known to those in the art. The
expression vector can also include a 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 autonomous replication 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 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
where affinity tags are utilized, DNA sequence encoding a protease recognition site 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 known to 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 methods of treating
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, 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 discase 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 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 (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
incrcascd intra-ocular pressure, glaucoma, dry cycs rctinal degencration, disorders of tear glands
or eye inflammation. Skin disorders include for example xerosis. Oral disorders include for
example dry mouth (xcrostomia), Sjogren's syndrome, gum discases (¢.g., periodontal discase),
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 symptoms in a subject, preventing
symptoms from worscning or progressing, and/or preventing discasc in a subjcct who is 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
cxisting discasc, control of discasc by slowing or stopping its progression, prevention of discasc
occurrcence, reduction in the number or scverity of symptoms, or a combination thercof. The
cffcect may be shown in a controlled study using onc or morc statistically 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, i1lium, caccum and colon. Human colon cancer
cell lines (T&1, CaCo-2 and HT-29) also express GC-C receptors. By inducing is meant an
increase in cGMP production compared to 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 amount sufficient 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, e.g., a
mammal such as a human in need thereof, a therapeutically effective dose of a GCRA peptide.
The GCRA peptides may be in a pharmaccutical 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 ug and 3 g). What constitutes a “‘positive therapeutic effect” will
depend upon the particular condition being trcated and will include any significant improvement
in a condition readily recognized by one of skill 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
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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
togcther and administered in conjunction with a scparatc formulation containing a third agent.
Whilc the two or morc agents in the combination therapy can be administered simultancously,
thcy nced not be. For cxample, administration of a 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 cases it 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 cGMP 1in 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 more times, 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 another is
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 Rccommended Dosc” column of tablcs on pages 11-17 of WOO01/76632 (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 presceribed dosc 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 pharmaccutical 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, subcutancous, 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 of glass or plastic.

Pharmaceutical compositions suitable for injectable use include sterile aqueous solutions
(where water soluble) or dispersions and sterile powders for the extemporaneous preparation 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
manufacturc and storage and must be prescrved 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 polycthylence glycol, and the like), and suitable mixturcs thercof. The proper fluidity 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 by the 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
cascs, it will be preferable to includc isotonic agents, for cxample, sugars, polyalcohols such as
manitol, sorbitol, sodium chloridc in the composition. Prolongced absorption of the injcctable
compositions can be brought about by including in thc composition an agent which dclays

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 amount in 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 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 of sterile injectable solutions, methods of
preparation are vacuum drying and freeze-drying that yields a powder of the 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 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 compound in the fluid carrier is applied orally and swished and
expectorated or swallowed. Pharmaceutically compatible binding agents, and/or adjuvant
materials can be included as part of the composition. The tablets, pills, capsules, troches and the
like can contain any of the following ingredients, or compounds of 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
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such as sucrose or saccharin; or a flavoring agent such as peppermint, methyl salicylate, or

orangc flavoring.

For administration by inhalation, the compounds are 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 transdcrmal administration, penctrants appropriate to the barricr to be pecrmeated
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 the art.

The compounds can also be preparced in the form of suppositorics (e.g., with conventional

suppository bases such as cocoa butter and other glycerides) or retention enemas for rectal delivery.

In one embodiment, the active compounds are prepared with carriers that will protect the
compound against 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 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
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the dosage unit forms of the invention are dictated by and directly dependent on the unique

charactcristics of the active compound and the particular therapcutic cffect to be achicved.

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-adhcrents, 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
thercof, and amino acids, for cxamplc alaning, 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
synthctic gums such as acacia, xanthan, sodium alginatc, alginic acid, othcr alginatcs, powdcred
tragacanth, guar gum, cellulose and its 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, L.td.), 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
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thereof, DISINTEGRANTS: agar-agar, alginic acid, calcium carbonate, microcrystalline
ccllulose, croscarmcllosc 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
stcaryl fumaratc, vegetable basced fatty acids lubricant, talc, hydrogenated vegcetable oil (e.g.,
pcanut oil, cottonsccd oil, sunflowcer oil, scsamc oil, olive oil, corn oil and soybcan oil), zinc
stcaratc, cthyl olcatc, cthyl lauratc, agar, syloid silica gcl (AEROSIL 200, W.R. Gracc Co.,
Baltimore, MD USA), a coagulated acrosol 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, 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, carnauba wax, microcrystalline wax, gellan gum, maltodextrin,
methacrylates, microcrystalline cellulose and carrageenan or mixtures thereof.

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 and lotions (like maltodextrin and

carrageenans); materials for chewable tablets (like dextrose, fructose, lactose monohydrate,

44

3298



10

15

20

25

30

WO 2008/151257 PCT/US2008/065824

lactose and aspartame, lactose and cellulose, maltodextrin, maltose, mannitol, microcrystalline
ccllulosc and guar gum, sorbitol crystallinc); parcntcrals (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 glycolate, xanthan gum); swccteners (like
aspartamc, aspartamc and lactosc, dextrose, fructosc, honcy, maltodcxtrin, maltosc, mannitol,
molasscs, sorbitol crystallinc, sorbitol spccial solution, sucrosc); wct granulation agents (like
calcium carbonate, lactose anhydrous, lactose monohydrate, maltodextrin, mannitol,
microcrystalline cellulose, povidone, starch), caramel, carboxymethylcellulose sodium, cherry
cream tlavor 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 and artificial 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 example Opadry® blue (OY-LS-20921), Opadry® white (YS-2-7063),
Opadry® white (Y'S- 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-(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( ¢-
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
sustaincd relcasce formulations and polymers for usc in arc 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
sustaincd rclcasc formulations microparticles (Dclic and Blanco-Pricto 2005 Molccule 10:65-80)
of polypcptide arc combincd with microparticles of polymer. Onc or more sustained rclcasc
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) or triacetin. 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,

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 W09001329. US4910021 describes using a pH-
sensitive material to coat a capsule. W09001329 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 and by disintegration 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 W004052339. The agents described herein may be

46

3300



10

15

20

25

30

WO 2008/151257 PCT/US2008/065824

formulated according to the methodology described in any of WO03105812 (extruded
hyrdratablc polymers); W00243767 (cnzymc clcavable membranc translocators),; W0O03007913
and WO03086297 (mucoadhesive systems); W002072075 (bilayer laminated formulation
comprising pH lowering agent and absorption enhancer); W004064769 (amidated polypeptides);
WO005063156 (solid lipid suspension with pseudotropic and/or thixotropic properties upon
melting);, W003035029 and WO0O03035041 (erodible, gastric retentive dosage forms);
US5007790 and US5972389 (sustaincd rclcase dosage forms); WO041 1271 1 (oral cxtended
rclcasc compositions); W0O05027878, W002072033, and W0O02072034 (dclayced rclcasc
compositions with natural or synthctic gum); W0O05030182 (controlled rclcasc formulations with
an ascending rate of release);, W0O05048998 (microencapsulation system);, US Patent 5,952,314
(biopolymer); US5,108,75¥ (glassy amylose matrix delivery); US 5,840,860 (modified starch
based delivery). JP10324642 (delivery system comprising chitosan and gastric resistant material
such as wheat gliadin 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); WO05063206 (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 releases all 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 disclosc 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. The beneficial
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 means is attached
to the scmi-permeablc membranc (e.g.,joins two capsulc halves). The trigger mcans is activated
by a pH of from 3 to 9 and triggcrs the cventual, but sudden, delivery of the benceficial agent.
These devices cnable the pH-triggered relcasc of the bencficial 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, ¢.g., an analgesic compound or an analgesic polypeptide. These polypeptides
and compounds can be administered with the GCRA peptides described herein (simultanecously
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, SHT receptor antagonists (for example SHT3, SHT4 and SHTI receptor antagonists),
opioid receptor agonists (loperamide, fedotozine, and fentanyl), NKI receptor antagonists, CCK
receptor agonists (e.g., loxiglumide), NKI receptor antagonists, NK3 receptor antagonists,
norepinephrine-serotonin reuptake inhibitors (NSRI), vanilloid and cannabanoid receptor
agonists, and sialorphin. Analgesics agents in the various classes are described in the literature.

Among the 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 1D NO: ); VRGPRRQHNPR (SEQ 1D NO: ); and RQHNPR (SEQ
ID NO: ). Sialorphin-related polypeptides bind to neprilysin and inhibit neprilysin- mediated
breakdown of substance P and Mect-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.,
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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
arc thought to bc uscful in the trcatment of IBS. It can be uscful to formulatc opioid antagonists
of this typc is a dclaycd and sustaincd rclcasc formulation such that initial rclcasc of the
antagonist is in the mid to distal small intcstine and/or ascending colon. Such antagonists arc
described in WO 01/32180 A2. Enkephalin pentapeptide (HOES&25; Tyr-D-Lys-Gly-Phe-L-
homoserine) is an agonist of the mu and delta 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 WO05/007626 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.

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.

CCK receptor 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, NMDA receptors 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
{thc R- isomer of loxiglumidc) (WO 88/05774) can havc analgesic activity and can be uscd 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 | and BIMU 8, 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 Bl, and
US 5,273,983.

Calcium channcl blockers such as ziconotide and rclatecd 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.

NKI receptor 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-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.
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Norepinephrine-serotonin reuptake inhibitors (NSRI) such as milnacipran and related
compounds described in WO 03/077897 Al can be usced 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 scquentially). The analgesic agents can also be
covalcntly linked to the polypeptides and agonists described hercin to create therapeutic
conjugatcs. Wherc 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 (if it is at the
carboxy terminus) or followed by (it it is at the amino terminus) a trypsin cleavage site 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 agenis 1o treat gastrointestival and other disordess
inchide agents to treat constipation {e.g., a chloride channel activator such as the bicyiic fatty
acid, Lubiprosione (formerly known as SPLI-0211; Sucanpo Pharmaceuticals, Ine.; Bethesda,
Mi¥y, a laxative {e.g. a bulk-forming laxative {e.g. nonstarch polysaccharides, Colonel Tablet
{polycarbophil calcium), Plantago Ovata®, Egualactin® {Calcium Polyvearbophil)), fiber e g
FIBERCON® (Calenan Polycarbophil), an osmotic laxative, a stimulant laxative (such as
diphenylmethanes {e.g. bisacodyl), anthragquinones (e.g. cascars, senna}, and surfactant laxatives
{o.g. caswor oil, docusates), an emollicnt/hubricating agent (such as winersl od, ghycenne, and
docusates), Miral.ax {Braintree Laboratorics, Braintree MA), dexloxiglumide {Forest
Laboratories, alao known as CR 2017 Rottapharm (Roita Rescarch Laboraioriom SpAj), saline
laxatives, enomas, suppositories, and CR 3700 {Rottapharm (Rotia Besearch Laboratorium SpAY;
acid reducing agents such as profon purap inhibitors {e.g., omeprazole (Prilosec®), esomeprazole
{(Mexium®y, lansoprazols (Prevacid®), pantoprazoic (Protonix®) and rabeprazols {Aciphex®))

andd Histanune H2 -recoptor antagonist {also known as H2 receptor blockers including
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cimetidine, ranitidine, famotidine and nizatidine}; prokinetic agents including itopride,
oetreotide, betbancchol, metoclopramide (Reglan®), domporidone (Motilinm®), eryihromyein
{and dexivatives thereo! or cisapride {(propulsid®); Prokineticin polypeptides homeologs, variants
and chimeras thercof including those described m US 7,852,674 which can be used with or
linked to the polypeptides described herein; pro-mofility agents such as the vasostatin-derived
poelyneptide, chromogranin A {4-16) (Sce. e.g., Ghia ot al, 2004 Regulatory polypeptides 121313
or motihn agonists {e.g., OM-611 or mitcmoimal fomaratc) or sociceptin/Urphanin FQ receptor
modulators (US20030169917); othoer poptides which can bind to and/or activate GO-C mcluding
those doseriboed in US20030287067; complete or partial SHT {e.g. SHTE SHT2, 53HTE, SHTS
receptor agonists or antagonists (including SHT 1A antagonists {e.g. AGLOOL{AGE
therapeutics), SHTIH sntagonists {e.g. PGN 1091 and PGNI 164 {Pharmagene Laboratories
Lanited), and 53HT4 receptor agonists {such as legaserod (ZELNORM®), prucalopride,
mosapride, mefoclopramide, zacopride, cisapride, renzapride, benzimidarcione derivatives such
as BIMU T and BIMU ¥, and hrexapride). Such agonists/modulators are described i
FPI321142 AL WO G3/0653432A1, EP 305322 AL BP 505322 B US 5,510,353, EP 507672 Al
EP 5074672 BL US 5273983, and US 6,951,867y, SHTS receptor agomists such as MEC-733;
and SHT2 receptor antagonists such as BOP-225 (MCE225; Dynogen Pharmaceuticals, Inc.),
cilansetron {Calmactin®), slosetron {Lotronex®), Ondansciron MO Fofran®), Dolasciron
{AMNZEMET®), palonoseiron (Alexi®), Oranisetron (KytmniR), YMOGH{ramosetron; Asteilas
Pharma Inc ramcscewon may be given as a daily dose of 0.002 to 0.02 mp as deseribed in
EPG1388707) and ATI7000 (Aryx Therapeutics, Santa Clara CA}; muscarinic receplor agonists,
anti-inflanumatory agents; antispasmodics including but not Hmited fo snticholinergic drugs {hike
dicyclormine (eg Colimex®, Formulex®, Lomine®, Protylol®, Visceral®, Spasmoban®),
Bentyl®, Bentylol®), hvoscyamine {e.g IB-Star®, Nulev®, Levsin®, Levbid®, Leovsinex
Timecaps®, Levein/SL®), Anaspaz®, A-Spas S/LE, Cystospaz®, Cysiospaz-ME®, Donvamar®,
Colidrops Liguid Pediatric®, Gastrosed®, Hyco Elixir®, Hyosol®, Hyospaz®, Hyvosyne®,
Losamine®, Medispaz®, Pleosol®, Spaccl®, Spasdel®, Symax®, Symax L&), Donnatal {eg
Donnatal Extentabs®), clidintum {e.g. Quarzan, in combination with Librivm = Libwax),
rnethantheline (e g Banthine), Mepenzolate {e.p. Cantil}, homatropine {e.g. hycodan, Homapin),
Propantheline bromide €e.g. Pro-Banthine), Giveopyrrolate (e.g. Robinul®, Robinul Forte®y,

scopolaming fe.g Transdorm-Scop®, Transderm-V®3, hyosine-N-butylbromide {e. gz
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Buscopan®), Pirenzepine (o.g. Gasirozepin®) Propantheline Bromide (e.g. Propanthel®),
dicycloverine {e.g. Morbontyl®), glveopymronium bromide {e.g. Glycopyrroiate®), hyoscine
hydrobromide, hvoscine methobromide, methanthelinium, and octatropine}; peppermint oil; and
direct smooth muscle relaxants like cimetropium bromude, mebevering {DUSPATAL®),
DUSPATALIN®G, COLOFAC MR®, COLOTAL®Y, otilonium bromide (octilonium),
mnaverinm {e.g. Dicetel® {(pinaverium bromide; Solvay 5. AL, Spasfon® (hydrated
phloroglucinol and mmethyiphloroghucinohand trivachutine (including wmmebutine malcaie
{(Medulon®); antidepressants, inchuding but not Himited 1o those listed horein, as well as tricyclic
antideprossants ke armiriptyiine (Elavd®), desipramane {Nopraran®), rapraroine

{ Tofranii® ), amoxapine {Asendin®), nortriptyline; the selective serotonin reuptake inhibitors
{BSETs) hike paroxetine {(Paxil®), fluoxetine (Prozac®), seriraline (Folofi®), and citrzlopram
{Celexa®}, and others like doxepin {Seguan®) and trazodoune (Desyrel®); centrally-acting
analgesic agents such as opiowd receptor agomists, opiod receptor anfagonists {e.g, naltrexone);
agents for the treatment of Inflammatory bowel disease; agents for the weatment of Crohn's
disease and/or ulcerative colitis {e. 2., alequel (Fnzo Binchem, Inc; Farmingsale, NY'), the anti-
inflanumnatory polypeptide RDPSE (Gensyroe, Ioc,; Cambridge, MAY, and TRAFICET-ENM
{(ChemoCentryx, Inc.; San Carlos, CA); agents that troat pastrointestinal or visceral pain; agents
that increase ¢GMP lovels (as described o US20040121994) ke adrenergic recoptor
antagonists, dopamine receptor agonists and PDE (phosphodiesterase} inhibitors including but
not lienited to those disclosed herein; purgatives that draw {luids to the intestine {e g,
VISICOLY, a combination of sodivm phosphate monebasic monohydrate and sodium phosphate
dibasic anhydrate)y; Corticotropin Releasing Factor (CRF) receptor sntagenists {including NBI-
34041 (Neuroorine Biosciences, San Diego, CA), CRHS-41, astressin, B121919 (Janssen
Pharmaceutica), CP 154,526, NBEL-27914, Antalarmin, DMP696 (Bristel-Myers Squibb) OP-
316,311 (Plizer, Inc.), SB723610 (GSE), GWETAH0E (Pleurocrine/Glaxe Smuth Kline), ONO-
2333848 {Gno Pharmaccuticals), T5-041 (Janssen), AAGS6 (MNovartis) and those disclosed in
USRS 5,063,245, US 5,861,398, USZ0040224064, UR20040319R726, USZ0040176400,
URZ0040171607, USZI00401 10813, URZO040000066, and USZO0S0202233 ), glucagon- tike
poelypeptides {glp-1} and analogues thereof (imcluding exendin-4 and GTP-010 {Gastrotech
Pharma A)) and inhibitors of PRIV (DPPIY mediates the inactivation of glp-1}; tofisopan,

engntiomerically-pure R-tofisopam, and pharmaceutically-acceptable salts thereot (U8
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20040229867y, tricyclic anti-deprossants of the dibenzothiazepine type including but not Hmited
to Dextofisopars® {Vela Pharrsacoutiosls), tianeptine (Stablon®) and othor agonts deseribed in
US 6,683.872; (E3-4 {1 3bis{cyclohexylmethyi}-l 2,34, -tetrahydro-2.6-diono-SH-purin-8-
yhicimnamic acid nonacthylone glyeol ructhyl ether eoster and related compounds described in WO
(2/667942; the probictic PROBACTRIX® (The BioBslance Corporation; New York, NY)
which contams microorganisms useful in the freatment of gastromntestinal disorders; antidiarvheal
drogs including but not lvdted o loperarnde (Imodium, Popio Diarrhea), diphenoxylate with
atropine {(Lomotil, Lomocot), cholostyranunce (Qucstran, Cholvbary, atroping (Co-Phonotrope,
Drarscd, Diphonoxylate, Lofone, Logen, Lovox, Vi-Atro, atropine sudfate ingoction) and
Kifaxan® (rifaximin; Salix Pharmaceuticals Ltdy, TZ2P-201(Tranzyvme Pharma Inc.), the
neuronal goetylchaline receptor (nAChR) blocker AGL-004 (AT therapeutics), and bisniath
submalicvlate (Peplo-bismel}); anxiolviic drogs inchudimg but not lunited toAtivan {lorazepam).
alprarolam (Xanax®}, chlordiazepoxide/chdimvurn {Librium®, Librax®3, clonazepam
{Klonopin®}, clorazepate {Tranxene®), diazepam (Valium®}, estazolam (ProSomE),
flurarepam (Dalmane®), oxazepam {Scrax®), prazepam { Centrax®)}, temazepam {Restorii®),
triazodam (Falcion®; Bedelix® (Mootmoritionite boudelhitic; Insen Lid), Solvay SLV352
{(Ardule Incy YKP (8K Pharmal, Astmadoline {(Troga Pharmaceuticals/Merck), AGL003 (ADGE
Therapeutios);, neurokinin antagonists including those described 1 URZ0G60040930; potassium
channel modulators including those descnibed in US7 (02,015 the serotonin modulator
AZDYTITY (AstraZencca Pley; M3 muscarinic recoplor antagonisis such as darifenacin {Enable
Movartis AQ and zamifenacin (Plizer); berbal and natural therapies inchuding but not limited to
acidophilus, chamomile tes, evening primrose oil, fennel seods, wormmwood, comitrey, and
compounds of Bao-Ji-Wan {magnolol, honokiol, imperatorin, and boumperatoring as in
LIS6923992; and compositions comprising lysine and an anti-stress agent for the treatment of

irritable bowel syndrome as deseribed in EPG 13503443,

Insulin and Insulin Modulating Agents

The GURA peptides described hereln can be used in combination therapy with igsalin
and related compounds including primate, rodent, or rabbit insulin including biologically active
variants thereo! inchuding allelic variants, more preferably human insulin available in

recombinant form. Sources of human msulin include pharmaceutically acceptable and sterile
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formulations such as those available from El Lilly (Indianapolis, Ind. 46285) as Humulin™
{(human nsulin vDNA origin). See, the THE PHYSICIAN'S DESK REFERENCE, SSsup.th Bd.
(2001 Medical Economics, Thomsern Healthcare (disclosing other sutiable human insuling).
The GCRA peptides desceribed herein can also be used in combination therapy with
agents that can beost sulin effects or fevels of a subject upou administration, ¢.g. glipizide
and/or rosighitarone., The polypeptides and agonistsdescribed heroin can be used in
corabitherapy with SY MLIN® (pravalintide acciate) snd Excnatide® (syuthotic exendin-4; a 39

aa polypeptido).

Agents jor the Treanment of Pastoperative fleus
The GCRA peptides described herein can also be used in combination therapy with
agents {e.g., Botereg™ {alvimopan; formerly called ado lor/ ADL 8-269K), conwvaptan and

oS

related agents deseribe 1n U5 6,645,959) used for the treatment of postoperative tleus and other

disorders.

Anii-fivpertensive dgeis

The GORA peptides described herein can be used in combination therapy with an anti-
hypertensive ageot including buot not Hrotied o) (1) duretics, such as thiazides, mcluding
chlorthalidone, chlorthiazide, dichlorophenamide, hydroflumethiaride, indapamide, polythiazide,
and hydrochlorothiazide; loop diuretios, such as bumetanide, ethacrynic acud, furosenide, and
torserpide; potassium sparing agents, such as amiloride, and triamierense; carbonic anhydrase
inhibitors, osmotics{such as ghycering and aldosterone antagonisty, such as spironolactone,
epirenone, and the hike; (23 beta-adrenerygic blockers such as acebutolol, atenolol, betaxolol,
bevantolol, bisoprolel, bopindolol, carteplol, carvediiol, celipralol, esmnlol, indenclel,
rostaprolol, nadolol, nebivolol, penbutolol, pindolol, propanclol, sotalol, tertatolol, tilisolol, and
timnolol, and the Hike; {33 calcium channel blockers such as amlodiping, aranidiping, azehidipineg,
barnidipine, benddipine, bepridil, cinaldipime, clevidipine, diltiazem, efonidipine, felodipine,
galiopamil, isradipine, lacidipine, lemildipine, lercanidipine, nicardipine, nifedipine, nitvadiping,
nimodepine, nisoldiping, nitrendipine, manidipineg, pranidipine, and verapamil, and the hke; {4}
apgiotensin converting enzyme (ACE) wnbibitors such as benazepril; captoprily ceranapril;

ctiazapril; delapril; enslapril; enalopril; fostnopril; imidapril; Hsinopril; losinopril; moexapril;
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quinaprii; quinaprilat; ramipril; perindopril; perindropril; quanipril; spirapril; tenocapril,
trandolapril, and zofonopril, and the Uke; (5) noutral cndopeptidase inkubitors such as
omapairilat, cadoxatril and ccadotril, fusidotril, sampatrilat, AVET88E, ER4G30, and the Bike; (6)
endothelin antagonists such as tezosentan, A308165, and YM628239, and the hike; {7}
vasoditators such as hydralazine, cloniding, minoxidil, and nicotinygl alcohol, and the Hke; (8)
angiotensin 11 receptor antagomsts such as aprosartan, candesartan, eprosartan, irbesartan,
losartan, olmesartan, pratosarian, {asosartan, elmisartan, valsartan, asd EXP-3137, FI68ZEK,
and RNHE270, and the ko (9) «/F adroncergic blockers such as nipradilel, arotinslo! and
amosulalol, and the Bke; {18 alpha § blockers, such as tovazosin, wrapidil, prazoesin, tamsulosiy,
bunazosin, trimazosin, doxazesin, naftopidil, indoramin, WHP 164, and XEMNOIO, and the bike;
{11y alpha 2 agonists such as lofexidine, tamenidine, moxonidine, rilmenidine and guanobenz,
and the like; (12} aldosterone inhibitors, and the like; and (13} angiopoistin-2 -binding agents
such as those disclosed tn WOUS/A30R33 . Sncoific anti-hypertensive agents that can be used m
combination with polypeptides and agonists described herein incinde, but are not timited to:
diuretics, such as thiarides {22, chlorthalidone, cyclothiazide (CAS RN 2259-96-33,
chiorothiazide ({CAS RM 72956-09-3, which may be prepared as disclosed i USZEH9194),
dichlorophenamide, hydroflumethiazide, indapamide, polyvthiaride, bendroflumethazide,
methyelothazide, polythiazide, trichlormethazide, chlorthalidone, indapamide, metolazone,
quinethazone, althiazide {CAS RN 5588.16-9, which may be prepared as disclosed in British
Patent No. 902,658}, benzthiazide (CAS RN 91-33-8 which may be prepared as disclused in
US310K8G97), buthiazide (which may be prepared as disclosed in British Patent Wos, 861 367},
andd hydrochlorothiazide), loop diuretics {e.g. bumetanide, ethacrynic acid, furosermide, and
terasemide ), potassium sparing ayents {e.g. amitloride, and triamterene {CAS Wumber 39601~
{31}, and aldesterone antagonists {e.g. spironolactone {CAS Mumber 52-81.7), epirenone, and the
like); Pradrenerge blockers such as Arstodarone (Cordaroue, Pacerone), bunoloel hydrochloride
(CAS RN 31909058, Parke-Davis}, acebutsiol (zN-[3-Acetyvl-4-[2-hydroxy-3-[{i
methylethyDamine ipropoxy Iphenyl -butanamide, or (&3-3%Acetyl-4"-[2-hydraxy -3-
{isopropylaming} propoxy | butyranilide}, acebutolo! hydrochloride {e. g Sectral®, Wyeth-
Aversty, alprenplol hvdrochloride {CAS BN 13707-88-5 gee Netherlands Patent Application No.
6,605,692, atenolol {e.g. Tenonmin®, AgstraZeneca), carieols! hydrochioride (e g Cartrol®

Filmtab®, Abbott), Celiprolol hydrochlonde (CAS BN 57470-74-7, also see in US48340609),
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cetamolol hydrochioride (TAS RN 77593-95-3, see also US4039622). labetalo! hydrochloride
{e.g. Normadyno®, Schoring), ceroolol hvdrochloride (o.g. Broviblooe®, Baxtor), levobotaxolol]
hydrochioride (o.g. Betaxon™ Ophthalmic Suspension, Alcon), levobunolo! hydrochlonds (e.g.
Betagan® Liquifilm® with C CAP®R Compliance Csp, Allergan), nadolol {c.g. Nadolol, Myvlan)},
practolol (CAS RN 6673-35-4, seo also LS340R3RT), propranolo! hyvdrochloride (CAS BN 31%-
G98-93, sotalol hydrochloride {o.g. Betapace AF™ Berlex), timolol {2-Propanoli-i{Li-
dimacthyvicthyDamine}-3-1[4-4(4-morphoiinyl}-1, 2, 5-thwadiazol-3-yijoxy ]~ homibydrate, (8)-,
CAS BN 91524-16-23, timolol malcate (831 -[{1.1 ~dimcthvicthyls aming -3-{{4- {4~
maorphohny-L2 S-thiadiazol -3~ v} oxyF2-propanel {2-2-butencdioalo (1 (1) salt, CAS RN
26921-17-5), bisoprolol {2-Propansl, {4-{[2-(-methylethoxyethoxy -methylphenoxyi-3-{ (-
meth~ viethyDamine -, {4}, CAS RN 60722-44-3), bisoprolo! fumarate {such as {&3-1-14-[12-(1-
Methylethoxy} ethoxy lmethyiiphencxy |-3-[(-methylethyhamine -2 -propanel (E) -2-
butenedioate {2: 1) (salt), e g, Zebeta™ | Lederle Consumer), nehivalol (2H-I-Benzopyran-2-
methanol, ao’-{iminobis{methylene)bis|{6-fluore-3 4-dibydro-, CAS RN 9920(-0%9-6 sec also
18 Pat No. 4,654,362, cicloprolol hydrochlornide, such 2-Propanc!, {4-12-
{cyclopropyhocthonyyethory phenoxy -3 methylethy Damino -, bydrochlonide, A A S RN
6IGEG-T9-3), dexproprancie! hydrochloride (2-Propanol l-[l-methylethy pamino}-3-(1-
naphthalenyiowy hydrochlonde (CAS RN 13071-11-9}, diacctolo] hydrochionde {Acetamide,
Ne[3-acetyl-d-{2-hydroxy-2-{(I-methyl-ethyl mminojpropoxy] [phenyl]-, monchydrochloride
CAS BN 69796-04-93, dilevalol hyvdrochloride (Benzamude, 2-hydroxy-5-[-hydroxy-2-[1-
methyl-3-phenyipropybaminejethyl}-, monobhydrochloride, CAS RN 75639084}, exaprolol
hydrochionde (2-Propancl, 1 (2-cyclohexyiphenoxy)-3 - I{ | -methylethyvhamino] -,
hydrochiovide CASR RN 59333-00-3), flesiolol sultate {Benzoie acid, 2-flaro-3-{{2-
faminocarbonylamine]- - dimethylethyllamine -2-hydroxypropyl ester, {+}- sulfate {1 11} {salt},
CAS BRIN 88844-73-9; metalol bydrochloride (Methanesulfonamide, N-{4-[I-hvdroxy-2-
{methvlamino ypropylivhenyll-, monshydrechioride CAS RN 7701-65-7), metoprolel 2-
Propanol, 14-(2~ methoxyethyDphenoxy(-3-[lmethyicthyllamino -, CAS R 37358-58-6},
metoprolo! tartraie (such ag Z2-Propancl, HM4-{Z-methoxvethyiphenoxy-3-{{1-
methylethyDaminol-, eg., Lopressor®, Novartis), pamatolol sulfate {Carbamic aad, [2-14-[2~
hydroxy-3-{(1- methylethyDamino fpropoxyliphenyli-ethyll]-, methyl eater, () suifate (salt) (2:1),

CAS RN 539934-01-7}, penbutolol sulfate (2-Propanol, M 2-cvelopentyiphenoxy-3-LE-
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dimethyic- thylamine] 1, €5}, sulfate (2:1) (salt), CAS RIN 38363-32-5}, practolol {Acctamide,
N-[4-[2- bydrory-3-[(wocthyvlethyDamino fpropoxyiphonyli-, CAS RN 6673-33-4:) tipronolol
hydrochioride (Propanol, H{kmethyiethyiaminoF3-[2-{methylthio}-phenoxyl-, hydrochloride,
(&3, TAS RN 39832-43-4}, tolarmoolol (Benzamide, 4-12-[] 2-hydroxy-3-{ Z-methyiphenoxy)-
propyll amino] ethoxyll-, CAS RN 38183-61-6), bopindolol, indenolol, pindolol, propanciol,
tertatolol, and tilisolol, and the like; caleiurn charmel blockers such as besylate salt of amlodipine
( such as 3-cthyi-3-mcthyl-2- Z-aminocthoxymethy D-4-02-chlorophenyiy-l A-dibhydro-t-methyi-
Sepyridinedicarboxviate benzencsulphonate, ©.g., MNorvase®, Plizery, clentisazem malcate (1,5~
Benzothiazepin-4( 3 H}-onc, 3-(acetyloxy i-B-chlore-3-L 2-{dimcthylamino jothyi -2, 3-dihydro-2-
{4-methoxyphenyh-(28-ci18)-, {(Z+2-butencdioate {1 11}, soo alsp US4567195), weradipine (3,5
Pyridinedicarboxyhic acid, 4-(4d-benmofuraranyiy-L4-dihydro-2 p-dimethyl-, methyl 1-
methylethyl ester, (&)-4{4d-benzofuorazanyly- 1 d-dibydro-2.6-dimethyi-3 ,5 -
pyridinedicarboxylate, see also US4466972); wmodipine {such as 18 isopronyt {3- methoxyethyl
1, 4- dihydro -2.6~ dimethyl -4~ (3-nitrophenyl} -3.5- pyridine - dicarboxylate, e.g Nimotop®,
Bayer), felodipme (such as ethyl methyl 4-¢2 3-dichiprophenyhy-1 4-dihydro-2,6-dimethyi-3 5~
pyridinedicarboxyiate- | e g Plendil®R Extcnded-Release, AstraZencea LP), nilvadipine (3,5
Pyridinedicarboxylic acid, Z-cyance-l 4-dihydro-G-methyl-4-3-nitrophenyi)- 3-methyl 5-(1-
methylethyly eator, also see US3I799934), nifedipine (such as 3, 5 -pyridinedicarbonyiic acid, L4
dibydro-2 6-dimethyl-4-{Z-nitrophenyi)-, dimethyl ester, e.g., Procardia XL® Extended Kelsase
Tablets, Plizer), diltiazem hydrcschioride {such as |.5-Benznthiarepin-4{5H-one 3-{acetyloxy)-
si2~(dimethylaminoethyl}-2 -3-dibydro-Z{4-methoxyphenyly-, monohvdrochloride, {+}-cis., g,
Tiazac®, Forest), verapanil hydrochionde {such as benecneacetrontinile, {alphay-f3-{{2-(3.4-
dimethoxyphenyl) ethytimethylamimojpropyl} -3 d-dimethoxy-(alpha){ 1 smethylethyl)
bydrochioride, e.g., Isoptin® SK, Knoll Labs), teludipine hydrechioride {35
Pyridinedicarboxyhc acid, Z-{{dimethyviavmnopoethyl4-[2-[(1E)-3-(1L - divocthylethoxy}-3-ox0- |-
propenyijphenyii-14-dihydro-6-methyl-, dicthyt ester, manohfyfdmchicride) CAS RN 198760~
03-43, belfosdil (Phosphonic acid, [2-(2-phenoxy ethyly- 1,3 ~propane- divlibis-, tetrabutyl ester
CAN RN 183486.79-9), fostedil (Phosphonic acid, [{4-(2-benzothiazelviphenvibmethyil-,
dicthyl ester CAS BRI 73880-02-2), aranidipine, azelnidiping, bamidipine, henidipine, bepridil,
cinaldipine, clevidipine, efonidipine, galiopamil, lacidipine, lemildipine, lercanidipine, monatepil

maleate {1 -Piperazinebutanamide, MN-(6, 11 -dilvydrodibenzoth o jthicpin- 11 -yl)-{4-
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fluorophenyly-, (+)-. (Z23-2-butenedicate {1 1) (#)3-N-(6,1 I-Dihydrodibenza{bedthiep- in-1 byl)-4-
{p- fhuorophenyiri-piperazinebutyramide roalcateo {1 11y CAS RN 132046-06-1), nicardiping,
nisoldipine, nitrendipine, mantdipine, pranidipine, and the like;, T-channe] calcium antagonists
such gs mibefradil; angiotensin converting enzyme (ACE) inhibitors such as benazepril,
benazeprii hvdrochloride (such as 3-{{-{athoxycarbonyi-3- phenyi< 1 N)-propyliaming}-2,3

VA S-tetrahydre-2-oxo- | H - 1 -3 Sybenzazepine- | -gectic acid monohydrochloride, e.g.,
Lotrel®, MNovartis), captopril (such as H{EZS)-3-mercapto-2- mothyipropionyi-L-proline, ez,
Captopril, Myian, CAS RN 62571-86-2 and others disclosed in US4046889), coranapri! (and
others discloscd 1n US4452790), cotapril {alacopril, Datmppon discloscd in Eur, Therap. Bes.
39671 {19863; 40:543 {19861, cilarapril {(Hotfman-LaRoche) disclosed inn J. Cardiovase.
Pharmacol. #:39 (1987}, indalapril {delapril hvdrochloride (2H-1,2.4- Benzothiadigzme-7-
sulfonamide, 3-bicyclo{2.2.1 thept-5-en-2-vl-6-chlovo-3,4-dihydro-, 1,1~ dioxide CAS RN Z259-
96-3 ) disclosed i TRA3E50571), enalapril {and others disclosed in TS4374829), enalopril,
enalopriiat, fosinopril, {((such as L-proline, 4-cyclohexyi-1-{{{2~methyi- I-{l-oxopropoxy)
propoxy 4-phenyibutvly phosphinyliacetyll-, sodium salt, .o, Monopril, Bristol-Myers Squibb
and others disciosed in US416R247), fosinaprid sodivm (L~ Proline, 4-cyclohexyl- [ HRF(S-2-
methyl-l-(I-ox- opropoxy ipropox), inudapri, indolapril (Schering, disciosed in J. Cardiovasc.
Pharmacol. 5:643, 655 (1983}, Lsimoprd (Merck), losinopnd, moexipril, moexiprll hydrochloride
{3-lsoquinclinecarboxylic acid, 2-[(25)-2-[[(15)- | «(cthoxycarbonyl - 3-phenyvipropyliammo]- 1 -
oxapropyll- 1 - 2.3 d-tetraboydro-6,7-dinwthoxy-, monohvdrachloride, (35) CAS RPN 82586-52-
S}, quinapril, quinaprifat, ramipril (Hoechsst) disclosed in BEP 79022 and Curr. Ther, Res. 40:74
(1986}, perindoprit erbumine {such as 25,328,738~ 1 -[{8e-MA{8)- 1 -

Carboxybutyly aiarw}jhc};ah vadro -indolinecarboxylic acid, 1 ~ethyl ester, compound with tert-
butylamine (1 11}, e.g., Accon®, Solvay), perindoprit (Servier, disclosed in Eur, J. clin,
Pharmacol 31319 (1987, gquaniprii {disclosed i US4344948%, apprapril {Schering, disclosed
in Acta, Pharmacol. Toxicol 39 (Supp. 53 173 (1986)), tenccapril, trandslapril, zofonopril {and
others disclosed in US4316906), rentiaprii (fontiapril, disclosed in Clin. Exp. Pharmacol,
Physiol. 14:131 {19831, pivopril, YSORG, teprotide (Bradyvkinin potentiator BPFP%a CAS R
35115-60-7), BRL 34,378 {Smith Kline Beecham, sce EPRORZ2 and EPGO66Y), MC-E38
{Chugai, see LA, 10272588y and Jap. | Pharmacol. 40:373 (19863, UGS 14824 (Ciba-Geigy, 3~

{{lethoxyearbonyl-3-phenyi-(18 ypropyliamine 32,3 4, S-tetrabydro-2-0x- 0-1-(35 -benzazepine-!
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acetic acid HCL, see UK. Patent No, 2103614, OGN 16,617 (Tiba- Geigy, 3(8-{{(I8)-5-aminos-1-
carboxypontyllamine 2.3 4.~ S-tetrabydro-2-oxo-1H-1- bonzazepine- i -cthanoie acid, sce
UB44735753, Ra 4457¢ (Hoechst, see Arzneimitielforschung 341254 (319853, R 31-2281
{(Hoffman-LaRoche seo FEBS Lett, 165:201 {1984y, CI925 (Pharmacologist 26:243, 266
{1984}, WY-44221 (Wyeth, see 1. Med. Chem. 26:394 {1983}), and thase disclosed in
US200306065922 {(paragraph 28}, US4337201, US4432971 {(phosphonamidates); neutral
cudopentidase imhibitors such as omapatriial (Vanlov®), OGS 30440, cadoxatn! and ccadotm],

fasidotri! (aisc known as aladotril or alatriopril}, sampatrilat, mixanpril, and gomopatniiat,

AVETOEE, ER4Q30, and those disclosed wn USS362727, USSE366973, UBS225401, UG4722818,
UINSZ223516, LIS47496RK, USSS32397, USAS04080, UISS612359, USSSZ25723, EP(509444,

EPO48IS2E BEPOSH0444, EPGSOS610, EPOS34363, EPS24306, EPS34497, EPU6I9627;
endothelin antagonists such as tezosentan, A30E165, and YM62R9Y, and the like; vasodilators
such as hydralamine {(apresabine), clomdine {clonidine hvdrechloride (1H-Imidazol- 2-armine, N-
{Z.6-dichloropheny4,5-dihvdro~-, monohydrochloride CAS RN 4285-491-8), catapres, minoxidil
{loniten}, nicotiny! alcohol {rontacel), diltiazem bydrmchioride (such as 1,5~ Benrothiazepin-
4{5H yone, 3-(acetyloxy -5 2-(dimethyviamuoethyl]-2, - 3~dihvdro-2{4- mothoxyphenyl)-,
monchydrochloride, (+3-cis, ¢.g., Tiazac®, Forest), isosorbide dinitrate {such as 1,4:3,6-
dignhydro-D-glocitol 2,8-dinitrate e g, aordil® Titradose®, Wyeth- Averst), sosorbide
rpencntirate {such as 143 6-dianhydro-Di-ghucite- § S-nitrate, an organic nitrate, e.g., Ismo®,
Wyeth-Aversty, ntroghyeerin (such as 2.3 propanetrio] trinitrate, e.g., Nitrostat® Parke- Davis),
verapamil hydrochioride (such as benzeneacetontivile, (+)-(alphai{ 3-[[2-(3,4 dimethoxypheny
Dethylmethylaminolpropyl] -3 4-dimethoxy-{alpha)- { 1 -rocthylethvly hydrochlonide, c.g.,
Covers HES® Hxtended-Release, Bearle), chromonar (wiich mway be prepured as disclosed in
LIN328203%), clonttate {(Annalen 1870 1535}, droprentlumine {which may be prepared as disclosed
in PE2Z321113), hdoflamoe (which roay be prepared as disclosed 1 US3267104); prenylamine
{which may be prepared as disclosed in US3152173), propatyl nitrate (which may be prepared as
disclosed in French Patent No. 1,103,113}, mioflarnine hydrochloride (1 -Piperazineacetamide, 3-
{aminocarbonyin-{4,4-bistd-Tluorophenyiibutyl-MN-(2,6- dichlgrophenvi)-, dihvdrochioride CAS
BN 83%98-67-3), mixidine {Benzeneethanamine, 3,4~ dimethoxy-MN-{l-methvi-2-
pyrrelidinylidene)~ Pyrrolidine, 2-{(3 4-dimethoxyphenethyl Hminol~ 1 -methyvi- EMethyl-2- [(3,

d-dimethoxyphenethvhiminolpyrrolidine CAS RN 27737-38-8), molsidomine (1,2.3
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Oxadiazolium, 5-[{cthoxyearbonyllaming-3-{4-morpholinyvl)-, inner sait AN RN 25717-80-0),
isosorbide mononiirate (D-Gluctiod, L4:3.6-dianhydro-, S-nitrate CAS RN 16451-77-7),
srythrityl tetranitrate {1.2,3,4-Butanetetrol, tetranitrate, (2R, 35)-rel-CAR RN 7297-25-%8),
clonitrate{],2-Propanediol, 3-chlore-, dinttrate (7CL 8CE, 2CH CAS RN 2612-33-1),
dipyridamole Ethanol, 2,27,27, 2" -[{4 8-di-IpiperidinyIpyrimido| 5 4-dipyrimidine-2,6-
divDydmuriio tetrakis- CAS BN 58-32-2), nicorandil {CAS RN 6514 1-46-0 3-),
pyridinccarboxamide (N-[2-(nitrooycthyvl-Nisoldiping3,3-Pyridinedicarboxyiic acid, 1,4-
dihydre-2,6-dimethyl-4-(2-nitrophenyl}-, methyl 2-mcthyipropyl cstor CAS BN 63673-72-9),
nifedipine3, 5-Pyridinedicarboxylic acid, L4-dibydro-2,6-divpcthy-4-(C-witropheny s, divacthyl
ester CAS BN 21829254}, perhexiline maleate (Piperiding, 2-(2, 2-dicycichexylethyi, (2432~
butenedioate {1 113 CAS RN 6724-53-4), oxprenolol hydrochloride {2-Propancl, 1-[{1-
methyvlethyhamine -3 2-2-propenyioxyiphenony -, hydrochloride CAS RN 6452-73-9),
pendrimtrol {1 3-Propanedinl, 2,2-hisl(nitrooxy ymethyll-, mononitrate {estery CAS BN 1607-17-
&), verapamil (BenzeﬁeacemnE‘m’!e, o~ 3-[12-(3,4-dimethoxypheny Dethyl]- methylaminoipropyl]-
3, dedimethoxy-g-{} -methylethyl- CAS RN 52.53.9% and the ke angiotensin H recopior
antagonists such as, aprosarian, zolasartan, olmesartan, pratosartan, FICEZRK, RNHGITE,
candesartan { | H-Benzimidazole-7-carboxylic acid, 2-cthoxy-l-[[2-(IH-tetrazol-5-vHiL -
biphenylf-ylimethyl]- CAS RN 1394R1-39.7}, candesartan cilexenl ({(+/-}3-1-
{cyclohexylearbonyloxyjethyl-Z-ethoxy-1.[1 2-{{H-tetrazol-5-ylibiphenyl-4-yl - 1H-benzimidazole
carboxylate, CAS RN 1453040-37-5, URST703110 and USRS 1906444, eprosartan (3-[1-4-
carboxyphenvimethy-Z-o-butyl-imidazol-S-y11-(2-thicoylmethyi} propenoic acid, USSIR3331
and USS650650), irbesartan {2-n-butyl-3- [{2'-{Th-tetrazol-53-vhbiphenvi-4-viimethyl] | 3~
dinzazspirefd,duon-tev-d-one, URS2T03E7T and URS3327REY, losartan {2-M-butyi-d-chiorg-5-
bvdroxymethyl--[{2-(1H-tetrazol-3-yhbiphenvi-d-v-methyl midazole, potassium salt,
UISSE3R06S, USS153197 and USSI2K333), tasosartan (3,8-dithydro-2,4-divacthyi-8-{{2-(1H-
tetrazol-S-yhifLr-biphenyl4-vhmethyli-pyridef 2, 3-dipyrimidin-7{6H}-one, {IS51496593,
telmisarian (4'-[(1 4-dimethyl-2-propyl-(2,6%bi-IH-benzivaidazol-r-vi3j-f 1, 1 “-biphenyl]-2
carboxylic acid, CAS RN 1447031-48-4, (18353931762}, miifasartan, abitesartan, valsartan
{Diovan® (Novartis), {S-DM-valervi-M-{{ 2-{1H-tetrarol-3 -y Dibiphenyil-4-yDmethylivalineg,
USS3905378, EXP-31537 (2-N-butyi-d-chioro--{{2-(H-tetrazol-5-yDbiphony doyl -

methylhmidazole-S-carboxyhic acid, USH 138069, USS153197 and USS12E355), 342 -(tetrazol-
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3-yviLr-biphen-4-vhmethyl-5,7-dimethyl-2-cthyi-3H-imidazei4. 5-blpyndine, 4'12-cthyl-4-
rocthyl-6-(5,6,7, 8-tetrahydrovmidazoll, 2-alpyridin-2-yvli-bonzimidazol-l-yl omcthyi-Le-
biphenyli-2- carboxylic acid, 2-butyl-6-{l-methoxy-Lmethylethy}-2-{ 2 H-tetrazol-5-
yhbiphenyl-4-vimethvl] gumazolin-4(3Hyone, 3 - [2 7 -carboxybiphenvi-4-yvhmethyl] -2-
cyelopropyl-7-methyl- 3H-~imidazol4.5-blpyridine, 2-butyi-d-chloro-I-{(Z-tetrazol-5-
xl}bmham d-vhimethylimidazole-carboxylic acid, 2-butyi-4-chlore-1-H 2 -{(IH-tetrazob-5- vy [ |
"-biphenyt] ~d-yijmethyl]- 1 H-unudazole-3 ~carboxylic acid- 1 -{cthoxycarbonyl-oxyicthyl
cator potassium salt, dipotassium 2-butyl-d-(mothyvithio}-1-[[ 2-[{[{(propyviaming wwarbonyl laming §-
sulfonyl}{L1 -biphonyl-4-y jma,i}w I Heunddazole-5 ~carboxylate, meothy1-2-[ [4-buly -2~
rcthyl-f-oxo-5-{f 2'-{iH-tctrazol-5-yh-[L1 “biphenvl-dylmethyl -(6H - pyrimidimyl imothyl -
S-thiophencarboxylate, 5-103,5-dibuty-HE-L 2 d-tmazoel-1-vDmethyl -2-12- { 1 H-tetrazol-5 -
viphenviiipyridine, i"?*bui‘@”}*;~4\4~p,b,61‘3“/‘Eei}wi 52 Hetetrazol-5 -y} 1,1 - biphenvli-4-
methylpyrimmdin-4-G3H}one DL Iyaine salt, S-methyb-T-nepropy 8- 28 tetrazal-5-
yhbiphenyid-yHimethyll| 1 24 rtarolo] 1T Sclpyrimidin-2Z(3Hyone, 2,7-diethyl-5- [{12°-(5-
tetrazolvibiphenyl-d-ylimethyl |- SHepyrazobofl, 5-bH1L 2 41trisznle potassium salt, 2-[2- butyid 5.
dibydro-d-oxo-3-[2'-(Hi-tetrazol-5-v-4-biphenylmethy -3 H-vnudazol]4,5- clpyridine-5-
vimethyilbenzoic acid, cthyl cstor, potassium salt, 3-methoxy-2,6-dimethyl-4- [[2'(1H-tetrazol-5-
vi)-1,i ‘—3_:5,1}31{’;1vin4~y1}n1@?’5’0{;&*,'}pyridi;,te, Zeethory- M 2-(5-0x0-2, 5-dihydre- 1 2 4oxadiazal-3 -
vibiphenyi-d-vilmethyl} - | H-benzmmidazole-7-carboxyhic acid, 1 - [MN-{2 ' -( 1 H- tetrazol-5-
vhbiphenyl-d-vl-methyl}-Novalerolylaminomethylievelopentane~ 1 -carboxylic acid, 7- methyl-
2n~pi‘0pvi 127 HH-tewrazol-S~yDibiphenyi-d-vl fmethy -3 H-imidazo{4,3-6 Ipyridioe, 2- [3-[(C-
ethyl-5,7-dimethyi-3H-1midazol4, 5-bipyridine-3-yUmethyl-2-quinelinylisodium beneoate, 2-
butyl-6~chloro-4-bydroxymethyl-5 smethyi-3 {2 Hetetrazol-3 ~yQbiphenyl-4~
vilmethyilpyridine, 2- [ {[2-butyl- | - [{4-carboxyphenylimethyl] - 1 Heimidazpled -
vijroethyljamine bensoie acid tetrazol-5-vDhibiphenyl-4d-yl methylipyrimidin-t-one, H38}- i4-
{carboxymethvhphenoxy PN-{2()-{4-{ 2-sulfebenzamido vimidarol- 1 -vijoctanoyl}-L-prolineg, 1
- (2, 6-divoethyiphenyl-4-butyl-l, 3-dibydro-3-{[6-[ 2 -tetrazol-3-yiphenyl]-3-
pyridinylimethyil-2H-imidazob-2-one, 5 R-cthano-5 8-dimethyl-Zan-propyl3 6,7 %-ictrabydro-
1 - [[2Y{iH-tetrazol-S-vhbiphenyi-d-vilmethyvil-1H 4H-13 .48, 8a-tetrazacyelopentanaphthalence-%-
one, 4-{1-12'-{1,2,3 4-tetrazol-5-yhibiphen-4-ylimethvlaming 1-5,6.7, 8-tetrahydro-2-

trifvlquinazoline, 2-{2-chlorobenzoviimine-S-ethyl-3-[2-(IH-tetrazole-5-vHbiphenyl-d-
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viynethyi-t,3 4-thiadiazoline, 2-[S-othyl-

thiazelive-Z-vhidonclumdvocarbonyl-l-cyclopenticncarboyylhic acid dipotassiom salt, and 2-buiyl-

PCT/US2008/065824

A-[2-(IH-tetrazole-S-vhibiphenyl-d-vijmethyi-1L3,4-

d-IM-methyl-N-(3 -methyicrotonovDamine} - - [ 127 - 1 Haetrazel-3 -ylibiphenyl-4-

yiimethyil- | H- simidzole-5
patent publications EP4752006, HP4R7154, |
EP54205%, EP49TIZE,

EP473E98, EP420820,

EP4ROZ04, EP429257,
EPS1419%8, EPSE4193,

EP46T207 EP399731,

EP493626, EP4B5617,
EPR520724, EP335466,
EP4GTIO2, EP4E1766,
EPAATT15, EP479479. 1
EPS10ORIZ, EPSEITOT,
EP527534, EP534035G,

EPS15265, EPSQ37RS,
EPSGE393, EPSOR44S,
EPABRS32, EPSO1269,
EP42:5621, EP434300,
EP320423, K
EPS29253, EPS43263,

EPF318033,

WOORMRTTE, WSS

EP399732, EP412R4E, EP4532146,
EP4a4 14, EP49R4 15, EP499415, EPS11791, EPS16392, EPS20713,

SPS3DGEG, ERS3YTIE, EP535463, EP535465,
EP533420, EP407342, EP4158%6,

EP43GT00, £EP43424% EPL446062,
EPS14192, EP450566, EP46E372, EP4sRle, EPSU3162Z, BPS3303K,
EP456442, BEP4T70794, EP4TQ7SS,

IP43ERAGY, EPSUSRY3, EPS3G702, BEP4008AS, LR4GOYT4, EP4G10534,

EP4O93

PSG2725, EPSO3EEE, EP3G509S, EPAOSTIT
EPSIZETS, EPS1Za76, EPSIZ2870, EPSIT35

SB513,979 ER3G7594,

EP403159, EP403158, EPA2S21 L, BP4274463, FP43
EP500409, EE>54(}4{}{}, EPGOSS2S, EPO2SS34, EPO2SSIS
EP434038, EP4

iPS3IRT0, EPS3IRT4, EP3S2317,
, WOYLIGH6T,
51715206, WOI2/14714,
, WOS3/DI0 TR, WOOLAHT404, WO02/02508,

5 -carboxvlic acid l-ethoxvearbonyvioxyethyl ester, those disclosed in

EP4Z4317, EP435827, EP433943,
EP32ET762, EP3I4377, EP323R41, EP420237, EPS00297, EP426071,
EPs05954, EP524217 EP514197,

32, EP4125%, BEP419043, EP4RGOSS, EPARTATS, EP4O9O5R7,

, EPS37937, BPA34706,
P46 1040, TP340039, TP465368, TP49R723, EP4OKT22, FP408721,
EPSO1SOY, EPS10831, EP332410, EPLORIST, BPA32T37, EPS048RS,
7103, FPAR1448,
,EP4L15G7,
12473, EP443568, ER445811, FRP450136, EP4S3683,
EP46R4T0, EPAT0543, BPS023 14,
EPS4020%9, EP44969% FP465323, EP52 1768, EPA15594, W02/ 14468,
ARG, WOO1/60277, WOSL/00281, WO91/14367
WOO2/D0077, WOO02/20342, WOO3/04045, WOS/04046, W
WOOZ/09600, WO2/16552, WOU3/H5025

WORZ/I3853, WORE/19607, W(O91/11009,
206672,

WO 1/15479, WOR2/200K7, W92/

WOOT/13063, WOS2/153564, WiG1/17148,

WOOZ/G4335, WOG2/05161, WOOZ/GTE52,
WO0Z/00068, WOS2/02510, WO22/09278,
WOLRZI0IRE, WORL/ 10087, W(92/10183,

WOOI/2001, WO/ I999, WOG1/1 5269,
WO92/20661, WOS3/0L1TT7, WOS1/14679,
WOO1/18888, WO21/19715, WO92/02257,
SWORLASSTT, WOR3R/03033, WO91/16313,

WOO2IG1T9, WOSL/ 10180, WO92/10186,

WOOZ0IRD, WOOZ/10187, WOO2/1§124,
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WOSZ/IOIRE, WOO/IQ1 RS, WOOX/10185, WOR2/20651, WOS3/03722, WO93/G682K,
WO03/03040, WO92/19211, WQO9Z/2I833, WOSL/G60RT, WOR2/05784, WOO3/00341,
WORZ/04343, WOSZ2/04058, UIRS104877, USS187168, US51496008, LIS5185340, US4REOE04,
USSI38069, US49106129, USS153197, UBS173494, USS137006, USS 155126, US5140037,
USA137902, USSISTO26, USS053329, URSI32216, LINSGSTS22, URSO665R0, LINAGE0620,
LISS049365, LISSORTT02, USS124335, USSI02E80, USSIZR327, USSIS1435, USS202322,
USSIRTIAD, USSTOR43E, USSIRZZEE, USSH36048, USST40036, USSORT634, USS1965337,
UBSES3347, USSIRI08G, UBSIR0942, UBSHTT7097, UBSS212177. UBS20KZ34, USS20K8235,
URSAZ212195, USS130439, URS045540, URS041152, and USS210204, and pharwacoutically
acceptable salts and esters thereof; o/B adrencrgic blockers such as nipradilol, arotinoleld,
amosulalol, bretyvhurm tosylate (CAS RM: £1-75-63, dihvidroergtamine mesylate (such as
ergotaman-~3, &', 1 B-trione, @ - H-dihvdro~- 12V hyvdroxy-2~methyi-5'-{phenvimethy D~ {34 u}}p-,
memomethanesnifonate, e g, DHE 4350 hyection, Movartis), carvedilod (such as (L3 Carharol-
doyloxy 3-3-[{2-{o-methoxyphenoxyiethyl] aminol -2-propanel, e.g., Coreg®, Smithkline
Beecham), labetalo! (such as 5-{l-hydroxy-2-{(J-methyl-3-phenyipropyl ammo]
ethylisalicylamide monohydrochloride, e g, MNormmodyne®, Schering), bretyhinm tosyiate
(Benzencmcthanaminium, 2-bromo-MNeocthyl-N N-dimethyl-, salt with d-methylbenzencsulfonic
acid {1 11} CAS RN 61-75-6), phevntolamine mesylate (Phonol, 3-{[(4,5-dibydro-Hmidarol-2
vimethyil{d-methylphenvijamine -, monomethanesulfonate {salt} CAS RN 652813,
sobypertine tartrate (3H-L3-Dioxolol4,5-Findole, 7-12-J4-2-methoxyphenyl-I-
piperazinyvijethy -, (R 3Rp2, 3-dihydroxybutanedicate {1 113 CAS RIN 3591-43.5), zolertine
hydrochiornide (Piperszine, I-phenyl-[2-(1H-tctrazol-5-ylethyll-, monchydrochionde (RCE 9C1
UAS RN 7241-84-3) and the hike; ¢ adrenergio receptor blockers, such as alfuzosin (CAS BRN:
81403-68-1), terazosin, urapidil, prazosin (Minipross®), tumsulosin, bunarosin, trimazosin,
doxazosin, nafiopidil, indorarnin, WHP 104, XENOH, fenspiride hydrochloride {which may be
prepared as disclosed in US3399102), proroxan (CAS RN 33743-06-3), and labetalol
hydrochionide and combinations thereof) o 2 agonists such as methyldopa, methyidopa HCL,
loferidine, Hameniding, moxoniding, riimentidine, guanobenz, and the like; aldosterone
inhibitorsg, and the like; renin inhibtiors including Aligkiren (SPPIOO,; Novartis/Speedely;
angiopoictin-2-binding agents such as those disclosed in WOO3/G30K33; anti-angina agents such

as ranclazine (hvdrochlonide -Piperazineacctamide, N-{2,6- dimethviphenyly-4-[2-hydroxy-3-
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Z-methoxyphenoxy ipropvli-, dihydrochloride CAS RN ©3635- 36-6), betaxalol hydrochloride
(2-Propancl, 1-[4-12 (cyclopropylcthoryothyiphonoxy 3-[{1- mcthyicthybhamino]-,
hydrochioride CAS RN 6365%9-19-8), butoprozive hydrochioride (Methanone, [4-
[3{dibutviamino propoxy Ipheny{ 2-cthyvl-3-indolizinyl}-, monohydrochioride CAS RM 62134~
34-33, cinepazet maleatel-Piperazineacetic acid, 4-[-ox0-3-{3.4,5- rimethoxyphenyl-2-
propenyii-, ethvl ester, {223 2-butencdioate (1 (1) CAS RN 50673-07-73, tosifen
{Borreoncsultonarmde, d-vacthyb-MN-HHIS y-i-methyi-2-phenyicthyilaminojearbonyl |- CAS RN
32295184}, verapamuthvdrochlornde (Beonzoncacctonttrile, o 3-1[2-(3 .4~
dimethoxyphenyDothyl bncthvlarmnojpropyi]-3 4-dimcthory-a-{ 1 -mothyicthyly-,
monchydrochlonide CAN RN 152-114), molsidomine (1,2,3-Oxadiazolium, 5-
{ethoxyoarbonyharmino -3-{4-morpholinyl}-, inner salt CAS RN 25717-80-0), and ranclazine
hydrochionde {1 ~Piperazioeacetamide, N-{(2,6-dimethyiphenyi-{ 2-hydroxy-3-{Z-meth-
oxyphenoxyipropyl -, dibvdmchionde CAS RN 95635-56-6); tosifon (Benrencsulfonamide, 4-
methyl-N-{{{{ISl-methyl-Z-phenyiethvilamino]earbonyl - CAS RN 32295-1K84): adrenergic
stirnulants such as guanfacine hvdrochionde (such as N-amiding-2-(2,6-dichinrophenyi)

acetaroide bydrochloride, e g, Tenex® Tablets available from Robins); methyldopa-

eg.,
hydrochiorothiazide {such as leve-3-(3 4-dihydroxyphenyvl)}-2-methyialanine) combined with
Hydrochloroihiazide (such as 6-chlove-3 4-dibydre-2H L2 4-boveothisdiazine-7- sulfonamide
1,i-dioxide, e.g., the combination as, ¢.2., Aldonl® Tabiets avatlable from Merck), methyldopa-
chlorothiazide (such as S-chiloro-2H-1, 2 d-benszothiadiacine-7-sulfonarnide 1,1 -dioxide and
methyldopa as described above, e, Aldoclor®, Merck), clonidine hydrochioride (such as 2~

(2. 6-dichlorephenylamine-2-imidazoline hydrochloride and chlorthalidone {(such as Z-chlore-5-
{hydrogy-3-oxo-l-isoindoliny ]} benzenesulfonamide), e g, Combipres®, Boehringer
ingeiheim), clonidine hydrochloride {(such as 2-{2.6-dichlorophenylaming »-2-imidazoline
hydrochioride, e.g., Catapres®, Bochringer Ingelhoim), clonidine (H-Imidazol-Z-amine, N-{2,6-
dichlorophenyi, S-dibydro-CAS KN 4265-90-73, Hyzaar (Merck; a combination of losartan and

hydrochiovothiazide), Co-Dnovan (Novartis; a combination of valsartan and bydrochloroihiazide,

Lowrel (Novartis; a combination of benazepril and smlodipine) and Cadust {Pfizer; 2 combination

of amlodipine and atorvagtating, and those agents disclosed in USZ0030069221,
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Agents for the Treatment of Respiratory Disorders

The GCRA peptides described borein can be used in corsbivation therapy with one or
more of the following agents useful in the treatment of respiratory and other disorders includiong
but not broted to: { 1} Bragonists including but not limited to ¢ albuterel (PRO VENTIL® | 5
ALBUT AMOI® , VENTOLING, bambuterol, bitoterol, clenbuterol, fenotersl, formoterol,
isoctharine (BRONKOSOL®, BRONKOMETER®), metaproterenol {ALUPENT®),
METAPREL®R), pirbutecrol (MAXAIR®), reproterel, vivmterol, salmeterol, terbutaline
{(BRETHAIKE®, BRETHI! i, BRICANYL®), adrenalin, isoprotorenol (SUIPREL®S,

)
232

epinephrine bartrate (PRIMATENMNME®), ephedrine, orciprending, fonoterel and isoctharing (2}
stereids, including byt not limited to beclomethasone, beclomethasone dipropionate,
betamethasone, budesornide, bunedoside, butixocort, dexgmethasone, flunisolide, fluocortin,
thuticasone, hydrocortisone, methy! prednisone, mometasone, predonisslons, predonisone,
tipredane, fixoeortal, triamemelone, and iramomalone acetonide; (3) Bl-agonist-corticosterond
combinations [e. 2., salmeterol-flhuticasone (AD V AIR®), formoterel-budesonid {5
YMBICORT®R) ; (4) lsukotriene D4 receptor antagonists/leukotrione antagonists/1.TH4
antagonists (Le, any corapound that is capable of blocking, inhibiting, reducing or otherwise
interrupting the interaction between leukotrienes and the Cys LT receptor) including but not
lrmied to) zathiokast, mootelukast, montelukast sodium (SINGULAIR®), pranfukast, iralukast,
pobitukast, SKE-106,203 and compounds described as having LTD4 antagonizing activity

described in 115 Patent No. 5,565 473 (5 5 -lpoxygenase inhibitors and/or leukotriens

bissynthesis inhibitors [e.g., zilenton and BAY 1005 (CA registry 128233-31-6}]; (0) histamine

Hi receptor sntagonists/antthistamines {Le., any compound that is capable of blocking, mbubiting,
reducing or otherwise interrapting the interaction between histamine and s receptors inchuding
but not Lrmted 1o astomizole, scrivastine, antazoline, azstadine, azelastine, astamizole,
bromopheniraroine, bromophendramine waaleate, carbinoxaroine, carcbastine, cetivizine,
chiorpheniramine, chloropheniramine maleate, cimetidine clemastine, ¢yclizine, cyproheptading,
descarbocthoxyloratadine, dexchlorpheniramine, dimethindene, diphenhydramine,
diphenyipyraline, doxviamine succinate, doxyiarnine, ebastine, efictirizine, epinasting,
farnotidine, fexofenadine, hydroxyzine, hvdroxyzine, ketotifen, lovocabastine, levocetivizing,
levocetirizine, lpratadine, meclizine, mepyramineg, moquitazine, methdilazine, mianserin,

mizolastine, noberastine, norasternizole, noraztomirale, phenindamine, pheniraming, picumast,
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promethazing, pynlamine, pyrilamine, ranitidine, tomelastine, terfenadine, trimeprazine,
tripcionarning, and triprohidine; (7} an anticholivorgic including but not mited o) siropine,
benztropine, biperiden, ﬁutmpi um, hyoscvanune {(e.g. Levsin®; Levbid®:; Levesin/SL@,
Arnaspaz®, Levsinex timecaps®, Nulev®), tlutropium, ipratropiurg, ipratropium bromide,
methscopolamine, oxybutinin, rapenzepine, scopolamine, and tiotropium; (8) an anti-tussive
meluding but not hmited to; dextromethorphan, codeine, and hydromorphone; {9} 2 decongoestant
ioclading but not Hmitted to: pscudoophedrine and phonyvlpropanolamoe: {10) an expoectorant
including but not lmited to: guafoncsin, guaicelsulfate, torpin, ammonium chioride, glyvecrol
guaicolate, and wdinated glveorel (11 8 bronchodilator including but ot broied o
theophviline and amunophyiiine; {12) an anti-inflammmatory including but not limited to:
fluribiprofen, diclophenac, indomethacin, ketoproten, S-ketroprophen, tenoxicarn; {13} a FDE

{phasphodiesterase) inhibitor including but not lmited to those disclosed herein; (14) a

recenmibinant humanized monoclonal antibody [e g xolair (also called oraalizuraab), rhuMab, and

talizomabl; {13} a bumanized tung surfactant including recombinant forms of surfactant proteins

SP-H, SP-C or SP-13 fe.p. SURFAXING, formerly known as dse-104 ({Hscovery Laboratories)],

{16y agonts that inhibit epithelial sodivm chanoels (EMNaC) such as amiloride and related
compounds; {17 antimicrobial agonts used to treat pulmonary infections such as acycloviy,
ammkacin, amoxicillin, doxveychoe, trimethoprin sulfamethoxazole, amphoteriomn B,
azithronyycin, clarithromycin, roxithromycin, clarithromycein, cephalosporins{ cetfoxitin,
cefmetazole oie), ciprofloxacin, cthambutel, gentimyvein, ganciclovir, imipenem, isoniazid,
itraconazole, penicillin ribavirin, rifampin, rifabulin amantadioe, rimantidine, streptomyelin,
tobramyein, and vancomycing (| 8} agents that activate chlonide secretion through Ca++
dependent chloride channels (such as purinergic receptor {(PIY {2y agonistsy, (19} agents that
decrease sputum viscosity, such gs human recombinant DNase 1, (Pulmoryme®y; (20}
nonsteroidal antiqnflammatory agents (acometacin, scetamivophen, scetyl salicyvlic acid,
alclofenas, alminoprofen, apazone, aspirin, benoxaprofon, bezpipervion, tucloxic acid,
carprofen, clidanag, diclofenac, diclofenac, diffunical, diffusinal, etodolae, fenbufon, fevbufen,
fenclofenac, fencloric acld, fenoprofen, fentiazac, feprazons, flufenamic acid, flufenisal,
flufenisal, fluprofen, flurbiprofen, flurbiprofen, furcfenac, tbufenac, ibuprofen, indomethacin,
indomethacin, indoprofen, isogepac, isoxicam, ketoprofen, ketoprofen, ketorolac, meclofenamic

acid, meclofonamic acid, mefenaric acid, mefenamic acid, miroprofon, moefebutarone,
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pabumetone oxaprozin, naproxen, naproxen, niflumic acid , oxaprozin, oxpinac,
oxyphonbutazone, phenacctin, phenyibutazone, phonylbutazone, prroxicam, piroxicam,
pirprofon, pranoprofen, sudoxicam, tenoxican, sulfasalazine, sulindac, sulindac, suprotfen,
tiaprofenic acid, tiopinac, tioxaprofen, tolfenamic acid, tolmetin, tolmetin, zidometacn,
zomepivac, and zomepirac}, and (21) acrosclized antioxidant therapentics such as 8-

Nitresoglutathione,

Anii-ohesity agents

The GURA poptides deseribed herotn can be used in combination thorapy with an anti-
cbesity agent. Suitable such agenis include, but are not imited tor 1 1 HSB-{ (! I-beta hydroxy
steroid dehydrogenase type 1) inhibitors, such as BVT 3498, BYVT 2733, 3-{l-adamantyi -4~
ethyl-3-{ethylthio}y 4H-1,2 4-triazole, 3 -adamanty1-5-(3,4.53~ trimethoxypheony-domethyi-4H-
12 d-triarole, 3- adarmantany-4,5,6,7. 8,2 1,11,12,53a- decahydro-1.2 d-triarolofd,3-alll
Hannulene, and those compounds disclased in WO01/20091, WOO 1/90090, WO 1/90092 and
WONZAYI2084, SHT antagonista such as those in WORZ/M3TE71, WOO3/037887, and the like;
SHTa modulators such as carbidopa, benserazide and those disclosed m US62H7699,
WO03/031439, and the like; SHT ¢ {serotonin receptor 2¢) agonists, such as BYT933,
DPCAZT2IS, IKZ64, PNL 22304, WAY 161503, R-1065, SB 243213 (Glaxe Smith Kline) and
Y M 34% and those disclosed in US3914230, W0/ 77010, WOO2/36596, WO0Z/48124,
WOOZ/1016%, WOO 66348, WO02/44152, WOG2/51844, WO02/40456, and WO02/40457,;
SHTS receptor modaiators, such as those in WOO3/030001, WOG3/833061, W03/039347, and
the like; aevi-estrogens, such as oleovl-estrone, disclosed in del Mar-Grasa, M. et al, Obesity
Research, 9:202-9 (2001} and Japanese Patent Application No. 1P 2000256190, anorectic
bicyclic compounds such as 1426 (Aventis) and 1954 {Aventis), and the compounds disclosed in
W00/ 18749, WOGE/32638, WOG1/62746, WOUT/62747, and WQU3/G15769, CB 3
{cannabinoid-1 receptor; antagonist/inverse agonists such as rimonabant {Acomplia; Sanofi), SR-
147778 (Sanofi), SR-141716 (Savofiy, BAY 65-2528 (Bayer}, and 3LV 319 (Solvay), and those
disclosed in patent publications US49733R7, USSOIIRI7, USSORTIZZ USST12K820, UUNS202738,
1ISS532237, USS62404 1, US6028084, UISGS09367, UIS6505367, WOG6/33 150, WOOT/29079,
WOOE/31227, WOSE/3AT765, WOIB/37061, WOOR/A 1510, WOOR/MIGIE, WOR/M4 3036,
WOMHGIA00, WOOH/ 10967, WO/ 10068, WOH1/00120, WOO /38869, WO01/64632,
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WON/64633, WOG/64634, WOGT/TO700, WO01/96330, WO0Z/076549, WO03/406007,
WO0/007887, WOOQ3/G20217, WON3/0260647, WO03/026648, WOQ3/G27060, WO{(3/427076,
WOG3/027 114, WOO3/037332, WOHE/H4G107, WOG3/086940, WO03/084943 and EP65R546;
CCE-A (cholecystokinin-A) ggonists, such as AR-R 15849, G IBIT7L{GRKG, IMV-180, A-
TE3TE, A-T71623 and SR146131 (Sanofi), and those described in LIS3739146, CNTF (Ciliary
neurotrophic factors), such as Gi- 181771 {Glaxo-SratthKhine), SR 46131 (Sanofi Synthelabo),
butabindide, PD 174,292, and Py 149164 (Phrery, ONTF dorivatives, such as Axokine®
{Regenoron}, and those disclosod in WOS4/09134, WORE/ZZ128, and WO9/43813; dipeptidyt
popiidase 1Y {DP-1V) indubitors, such as isoloucinge thazelidide, valine pyrrohdide, NVE-
DPPT72R, LAF237, PR3/01, P 3298, T5L 225 {wyptophyl-1.2,3,4tetrahydroisoquinnling-3-
carboxyhe acid; disclosed by Yamads ot al, Bi@arg. & Med. Chemn. Lett. 8 { 199R8Y 1537-154083,

cyvanapyrrohdides and d-cvanopyrrolidides as disclosed hy Ashrworth ef al, Bioorg. & Med
Chem. Lett, Vol 6, Mo, 22, pp 1163-1166 and 2745-274K (1996) and the compounds disclosed
patent publications. WORS/3E501, WOGS/46272, WOSS/ET7279 (Protiadmy), WO9S/6T274
(Probiodrug), WOH/61431 (Probiodrug), WOOZ/BE3 128, WO0Q2/062764, WOG3/060180,
WO03/G001I8 T, WOO3/G00250, WOO3/0025368, WOO3/002531, WO/ 002553, WOHZ/A02593,
WOL3/H04408, WOH/Q04496,WO0B/01 7936, WOHR/0249472, WOOR/024865, WOG3/033524,
WODRN37327 and EP 238476, growth hormone sooretagopue receptar agonists/antagonists,
such as NN703, hexarelin, ME- 0677 (Merck), SM-1306586, CP-424391 {(Phizery, 1LY 444,711
(EH Litly}y, L-692.429 and L~ 163,255, and such as those disclosed in USEN 09/6624458, 1S
provisional application 60/203335, USG355851, US2002049196, USZ002/022637, WOH1/56592
and WOOZ/3Z888; H3 (histamine H3} antagonist/inverse apounists, such as thioperanide, 3-({E-
imidazol-4- vhpropyl M-{4-pentenyljcarbamate}, clobenpropit, indophenpropit, imoproxifan,
GT2394 (Ghatech), and A331440, O-[3-(IH-tumdazol-4-vhpropanolicarbarmates (Kiee-
Kononowicz, K. et al., Pharmazie, 35:349.55 (2000}, piperidine-containing histamine H3-

receptor antagonists (Lazewska, 1. et al, Pharmazie, 36:927-32 (2001}, benzophenone

derivatives and related compounds (Sasae, A. ot al, Arch. Pharm {Weinheim) 334:43-32 (2001},

substituted N- phenvicarbamates (Reidemeister, 8. et gl., Pharmazie, $5:83-6 {20060)), and
proxifan dertvatives {Sasse, A, etal, J. Med. Chem., 43:3335-43 (2000)) and histamine H3

receptor modulators such as those disclosed in WOGZ/15905, WO03/024928 and WO03/024929;
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leptin dertvatives, such as those disclosed in UIRS552824, UIKSS52823, UUNSS82822, LIRSA212K3,
WO0G/23513, WO96/23514, WQO96/23515, WOB/I3516, WO0a/23517, WOO6/23518,
WO0G/23519, and WOSG/23520: leptin, including recombinant human fepiin (PEG-0B,
Hoffmar Ls Roche) and recombinant methiony! human leptin {Amgeny; lipase inhibitors, such
as tetrahydrolipstatin €orlistat/ Xenical®), Triton WRI 338, RHCUR0267. Hipstatin, teasaponin,
dicthylumbelliferyi phosphate, FL-386, WAY 121898, Bay-N-3176, valilactone, esteracin,
cholactone A, cboelactone B, and RHOC 80267, and those disclosed in patont publications

WG T/77094, US4508089, UB4452813, USUBSS12565, UBS3R1571, UBS60Z1E51, UB4405644,
US4189438, and UBS4242453; hipd metabolism wodulators such as masiinie acid, arythrodiol,
uraolic acid nvaol, betulinic acid, betulin, and the like and compounds disclosed in

OO0 1267, Medr {imelanccortin 4 receptor) agonists, such as CHIRE6G36 {Chiron), ME-
10142, ME-10145, and H5-131 {(Melacure}, and those disclosed i POT publication Nos.
WORG/G4A00Z, WO/ 74070, WOO 1/831752, WO 125193, WO 132880, WO /74844,
WO /70708, WO /70337, WOG1/9T732, WO0Z/059095, WOO2/459107, WO02/059108,
WON2NS0117, WOOD/Q62 76, WOOZ/A 2166, WOOZ/ 715, WOGZ/1217K, WO02/15909,
WO0Z/38544, WOOZ/06E3RT WOOZ/BGRIRE, WON2/OGT86S, WOGZ/A81430, WOG3/06604,
WOG3/00794%, WO03/000847, WOOR/G0085G, WOU3/013509, and WO(G3/031410; M5y
{melanocortin 5 receptor) modulatore, such as those disclosed in WOS7/199352, WO/ 13824,
WD/ 5790, (URZ2003009204 1; melanin-concentrating hormone 1 receptor (MUHR}
antagonists, such as T-226296 (Takeda), 8B SO8849, SNP-7941 (Synaptic), and those disclosed
in patent publications WOO /21169, WOL/B2023, WOOI/RTRI4, WHG2/H51809,
WOOZ06245, WOOL/076929, WOOZ/076947, WOHZ/04433, WOOZ/51200, WOL2/083134,
WONRARATES, WHGS/G04027, WO03/13574, WOGS/15768, WOOL/028641, WO3/M35624,
WOORA33470, WOOSA33480, IP13226209, and IP1437053%; mG RS modulators such as those
disclosed 1 WOU3/029210, WOO3/0475%1, WO03/04%137, WO03/031315, WOU3/051833,
WO03/053922, WG03/059904, and the like: scrotoninergic agents, such as fonfluramine (such as
Pondimn® (Benzenecthanamine, N-ethyi- alpha-voethyl-3-(rifluoromethyl-, hydrochloride},
Robbing), dexfenfluramine {(such as Redun® (Benzencethanamine, N-cthyi-alphs-methvi-3-
{rifluoromethyiy-, hydrochloride), Interncuron) and sibutramine ({Meridia®, Knoll/Reduoti] ™)
including racomic mixtures, as optically pure isomers (+3 and (-}, and pharmaceutically

acceptable salts, selvents, hydrates, clathrates and prodrugs thereof inchuding sibutrarnine
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hydrochioride monohydrate salis thereof, and those compounds disclosed in US4746680,
US4RG6370, and USS436272, URZE0200006964, WO 1/27068, and WOO 1/62341 NE
{norepinephrine} transport inhibitors, such as GW 320659, despiramine, talsupram, and
nomifensine; NPY | antagonists, such asg BIBP3226, 1115814, BIBO 3304, LY-357897, CP-
671906, G1- 264879A, and those disclosed in LUISO6B0TR3G, WOR6/14307, WI1/23347,
WO9%/ 51600, WOG /85600, WOO /5098, WOUL/ESET3, and WOQ/S952R, NPYS
(neuropepiide Y Y 5y antagonists, such as 152,804, GW-3691R80A, GW-394884A, (W~

SRT0ELIX, GW-54581 18X, FRZ35208, FRZZ692ZR, FR2406062Z, FRZ5Z384, 1229021, GEZ64879A,

CGPT7IGEIA, LY-377897, LY-366377, PD-160170, SR- 1205624, SR-120819A, JCF-104, and
H40%/22 and those compounds disclosed i patent publications US6140354, UsS6191 160,
US62IRA0E, LISE25RKLT, UIS6313298, TISG326375, LIS63203095, 1IS6335345, 1IS6337332,
UBA329395, USH340683, EPGIGIO6GE, EP-G1044970, WOUT7/19682, W97/20824,
WORT/ZOR2Y, WORT/20R22, WOGT/20825, WOOR/27063, WOKTOT7400, WOORD/ 185714,
WONO/IRS T30, WOOG/64KE0, WOOGHEEI97, WORKE9849, WO/GT113917, W01/69120,
WONT/4376, WO /RET14, WOOT/RET30, WO01/47400, WOG1/02370, WOO1/23388,
WO0T/2338% WOO /44201, WOUBL/G2T737, WOGI/GZT3IR, WD 1/091 20, WO02/20488,
WOG/22592, WO02/48152, WO02/4064K, WOHZ/ASTR06, WON2/094783, WO3/009845,
WOORA 40K, WOO03/02284%, WO03/0287260 and Norman of al, 1 Med. Chem. 43:4288-4312
{2000Y; oploid antagenists, such as nalmefene (REVEX &), J-methoxynalirexone,
methylnaltrexone, naloxone, and naltrexone {o.g. PT90L; Pain Therapeutics, Ine.) and those
disclosed iy US200530004 135 and WO/ 21309, orexin antagonists, such as 8B-334867-A and
those disclosed in patent publications WOO01/R6302, WOO/6RG00, WG02/44172, WO02/51232,
WODR/STRIE, WOORAORBEND, WO0Z/0%0355, WOU3/G23561, WOD3/M3299], and
WOOR/037847, PDE inhibitors {2.g. compounds which slow the degradation of cyclic AMP

{cAMPY and/or cyclic GMP (eGMP) by inhibition of the phosphodiesterases, which can lead 1o 2

relative mcrease in the intracellular concentration of cAMP and cGMP! possible PDE inhibitors
are primarily those substances which are to be numbered among the class consisting of the PDES
inhibitors, the clasgs consiating of the P4 inhibitors and/or the class consisting of the PDES
inhibitors, in particular those substances which can be designated as mixed tvpes of PDE3/4
inhibitors or ag mixed types of PRE3/4/5 inhibitors) such as those disclosed in patent

publivations DR 147034 1, DE2108432, DE217332%, DE230533%, DE2RG557S, DEZ 15801,
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DE2462908, DE2413935, DE2451417, DE2459050, DE2646460, DEZ7ZT481, DEIR25048,
DEILIT7161, DEZE4ASI20, DEIR4ATE2E, DEIS34T47, DE3GZIT92, DBHE303R166, DEIGA456R,
EPGOGT 18, EPCOOB40K, EPGDIGTSS, EPOOSS94E, EPOGT5436, EPOUSASTY, EPOL 12087, EPO

16948, EPQIS0937, EPGISR3R0, EPOIGI63E, EPOIGIRIR, EPBI6TIZE, EPOISSI2T, EPOZ20044,

EP(247725, EPQR5RIGE, BERGZ72910, EPUZ72914, HPDIG4647, BEPQ3007I6, EPUIISIRG,
EPO3ST7768, EPQ3E92ZRZ, EPP40005S, EPO4261 80, EPGA2E30Z, EPU4358 11, EP0470805,
EPGARZ208, EPU490R23, EPOSOCI94, EPGSTIEGS, EPGS27117, BEPU626939, EPOGO42E9,
EPOGTI3R0, EPG6E5474, EPDOR54TS, EPOOKS479, FPO2234380, JPQ43204652, IPas5010875,
US4963567, USST41831, WOLLIT991, WODZOU96E, WOP212861, WOR3E0T7146, WO93 15044,
WORRE5045, WOU318024, WOS31006K, WOB319720, WOS319747, WIB319749,
WOORINTSE, WOL3Z5517. WO9402465, WO2406423, WOS412461, WOB420455,
WOO422852, WO9425437, WiQ427947, WO9SS5 16, WGS01980, WO95037%4,
WORS4AN45, WOSSH4046, WOOSH53RE, WOSSHRS34, WOOSHRG23, WOS509624,
WOOSGORZT, WOOSH9836, WOIS 146067, WIS 14680, WO9S 14681, WIes517392,
WOOSTT309, WOOS19362, WO9S22520, WOOS24381 WOSBS27692, W0s528924,
WOORR52RT, WOSS35282, WOSGR02 1R, WOSGHIR2S, WOSG02341, WO9611817,
DE31429R82, DE] 116070, DER 102096, EPG293063, EPG463756, EPQ4ARIZO8, EP(579406,
EPOO6GT 345 USGIR1543, US20050004222 (ncluding those disclosed in formulas I- X and
paragraphs 37-39, 85-0545 and 557-5773, WOO307124, EPOIG396S, EPQ393500, EPG510562,
EPO553174, WOOSHI33R and WOOGH3399, as well as PDIES inhibitors (such as BX-RA-60,
SCH-51866, KT-734, vesnarinone, zaprinast, SKP-96231, ER-21355, BE/GP-385, NM-T02 and

[..h

stidenafil {Viagra™)), PDE4 inhibitors (such as ctarolate, ICIA3197, RP73401, imazobidinone
{(RO-20-17243, MEM 1414 (RIS3VRIS08; Pharmacia Roche), denbufyiline, rolipram,
oxagrelate, nitraquazone, Y-390, DH-6471, SKF-94120, motapizone, lixazinone, indolidan,
olprinone, atizorar, KS-506-0, dipamiviline, BMY 43351, atizoram, arofviline, filaymnast,
POB-093, UUB-29646, CDP-B40, SKF-107806, piclamilast, RE-17397, R8-25344. 000, SB-
237498, TIREMELAST, SB-210667, RB-211572, SB-2116{30, SB-212066, 8B-212179, GW-
3634}, CDP-24G, mopidamel, anagrelide, ibudilast, amringne, pimobendan, cilostazol, quazinone
and N-{3,5-dichloropvrid-4-v1-3-cyelopropyimethexyd-dithhoromethoxybenzamide, PDES
inhibitore (such as CHIS3, 100, bemorandane (RWI 22807, MUOE-154, UD-C0 212, sulmazole,

ampirone, cilostamide, carbazeran, pireximone, imazodan, C1-930, siguazaedan, adibendan,
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saterinone, SKFE-056354, SDA-MKS-492, 340.1-85, emaradan, EMID-53098, EMD- 87033, NSP-
306, NRP-307, rovizinone, NM-T02, WIN-62382 and WIN-63291, cnoximone and mulrinone,
PI3E3/4 inhibitors (such as benafentrine, trequinain, GRG-30029, zardaverine, L- 686398, R»7-
1S0-844, ORG-28241, EMD-54622, and tolafentrine} and other PDE inhibitors (such as
vinpocetin, papavering, enprofylline, cilomilast, fenoxinone, pentoxityiline, roflumilast,
tadala il Cialis®), theophyliine, and vardenafil{ Lovitra®}); Neuropeptide Y2 {(NPY 1) agonists
foclade bul are not lmitted to: polypeptide Y'Y and fragrocents and vaviants thereof{cg. YY3-36
(FYY3-36 {N. Engl 1 Mcd. 349:941, 2003; IKPEAPGE DASPEELNRY YASLRHYLNL
YTRORY (SEQ D NOXXKX) and PYY agonisis such as those disclosed in WO02/47712,
WONR/N265591, WOO3/A5T7235, and WOH3/Q27637 serotonin reuptake inhibilors, such as,
paroxetine, Huoxetine {Prozac™), fluvoxamine, sertraline, citaloprara, and imipramine, and
those disclosed tn USHIE2EOS, USH365633, WOGR/00663, WO /27068, and WO 17162341,
thyrotd hewmeone P apgonisis, such as KB-2611 {KaBioBMS), and those disclosed in
WOOR/1ISR45, WOST/21993, WOO9/G0333, GBI8/284425, 11.5. Provisional Application MNo.
6183223, and Yapancse Patent Application No, IP 2000256190, UICP-1 (uncoupling protein-13,
2, o1 3 activaiors, such as phytanic acid, 4-[{(Ey2-(5, 0,7 8- tetrabydro-5,5,8 B-tetramoethyl-2-
napthalenyl}-b-propenylibenzoic acid (TTNPB), retinoic acid, and those disclosed in
WORY/G0123; B3 (beta adrenergic receptor 3 agonists, such as AJS677/ TAKETT
{Damnippon/Takeda), L750355 (Merck), CP33164K (Pfizery, CL-316,243, 8B 418700, BRE-~
37344, 1796508, BMS-196085, BRI-35135A, COPIZITTA BTA-243, GW 427353,
Trecadrine, fencca 37114, N-3984 (Nisshin Kyorin}, LY-377604 (Lilly}, SR 39119A, and those
disclosed i USS5341204, USST770615, USS491 134, USS776983, US4eR064, USST05515,
UIS3431677, WOOL/IRIOT, WOOS/29159, WOUT7/46356, WOE/(4526 and WOUE/AZT53,
WOOT/TATRE, WOG2/32807, WOO3/014113, WO0/G16276, WOOR/016307, WO03/024048,
WO03/024953 and WOU3/G3723R1; voradrenergic ageuts inchuding, bat vot Hited to,
diethylpropion {such as Tenuate® (1- propanone, 2-{dicthylaminn}-i -phenyl-, hydrochioride},
Merrell), dextroamphetamine {also known as dextroamphetarnine snifate, dexamphetavmine,
dexedrine, Dexampex, Ferodex, Oxvdess H, Robese, Spancap #13, mazindol ((or 5-(p-
chlovophonv)-2,5-dihvdro-3H- tmidazof 2, -alisomdol-3-01) such a5 Sanorex®, Movartis or
ipha~{{-aminoethyl},

Mazanor®, Wyeth Averat), phenvipropanolamioe (or Benzenemethanol, a
~

atf
hydrochioride), phenterming (for Phenol, 3-[{4,5-dohydre-IH-imidazol-2-vhethyl}(4-
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methyipheny-lamine], monohydrochloride) such as Adipex-P®, Lemmon, FASTING, Smith-
Kiine Beochars and lonarin®, Meodova), phondivoctrazinge {or (25,353 3,4-Dimcthyl-
Zphenvimorpholine -+ tartrate {1 1)) such as Meira® {(Forest) | Plegine® (Wyeth- Ay erst),
Prelu-2® (Bochringer Ingelheim, and Ststobex® {Leromon), phendarine tartrate {such as
Thephorin® (2,3.4,9- Tetrabydro-Z-methyl-9-phenyl-H-ndenol{ 2 ) -cipyridine L-{+-tartrate {1
(1, Hoffimann- LaRoche), methamphetarine {such as Desoxyn®, Abbot {({5)-N, {aiphaj-
dimacthvibonzeoecthanarone hydrochloride ), and phondivectrazioe tartrate {such as Bootrd®
Slow-Kclcase Capsulces, Amarin (-3, 4-Duncthyl-2-phonyimorpheline Tartrate); fatty acid
oadation upregulator/inducers such as Farooxin® (Genset); monaroine oxidase inhibitors
including but not Himited to befloxatone, moclebomide, brofaromine, phonoxathine, csuprong,
befol, toloxatone, pirlindol, amiflamine, sercloremine, bazmaprine, lazabemide, milacemide,
caroxazone and other certain compounds as disclosed by WOH11/12176; and other anfi-obesity
agerts such as SHT-2 agonists, ACC {aceiyb-CoA carbaxylasey inhibitors such ax thase described
in WO03/0672197, aipha-lipoic acid {alpha-LA)Y, AQDS604, appetite suppressants such as those
in WO03/40107, ATL-96Z (Alizyme PLO, benzocaine, benrphetamine hydrochloride (Dndrax),
bladderwrack (focus vesiculosus), BREY (hombesin receptor subtype 3} agonusis, bupropion,
caffeine, CCK agonists, chitosan, chromium, conjupated Hineleic acid, corticotropin-releasing
hormove agonssts, debydroepiandrosterone, DGATH (diacylglyeorol acyltransferase 1) inhibitors,
DGATZ {diacylgiyeerel acvltransferase 2} tnhibitors, dicarboxyviate transporter inhibtiors,
ephedra, exendin-d (an inhibitor of ¢lp-13 FAS (fatty acid synthase) inhibitors (such as Cerulenin
and U733, fat resorption inhibitors (such as those in W303/033451, and the Hke), fatty acid
transporter inhibitors, natural water soluble fbers (such as psylhiura, plantago, guar, oat, pectin),
galanin antagonists, galega {(Ooats Rue, French Lilacy, garcinia cambogia, germander {(feucrium
chamacdrys), ghrelin antibodies and ghrelin antagonists {such as those disclosed in
WO0T/R7335, and WOO2/0R230), polypepide hormones and vananis theveo! which affect the
islgt coll secretion, such as the hormones of the secretin/gastric inhibitory polypentide
{(GIPYvasoactive intestinal polypeptide (VIPYpituitary adenylate cyclase activating polypeptide
{(PALCAPYglucagon-like polvpeptide I {GLP- Hyglcentin/glucagon geone family and/or those of
the adrenomedullin/aroviin/caleitonin gene related polypeptide {CGRP) gene family
includingOLP-1 (glucagon- Hke polvpeptide 13 agonists (e.g. {1} exendin-4, {2} those GLP-]

maiecules described tn USZ0030130801 meluding GLP- 1{7-34), GLP-Y7-35), GLP-{7-36) or
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GLP-H7-37) in its C-terminally carboxyiated or amidated form or as modified GEP-1
pobyneptides and moodifications thoreof meluding those deseribed in paragraphs 17-44 of
USZ803¢130881, and derivatives derivad from GLP-IH{7- 343COOH and the corresponding acid
amide are emploved which have the following general formula: R-MNH-

HABRGTHFTRDVSY LEGUAAKEFIAWLVE-CONH, wherein R=H or an organic compound
having trora 1 to 10 carbon atoms. Preforably, R is the rosidue of a carboxylic acid. Particularly
preferred are the following carboxyiie acid residucs: formyl, acctyl, propiouyl, isopromonyt,
methyl, cthyl, propvl, isopropyvl, n-butyl, sco-butyl, fort- butyl and glp-1 {ghicagon-hike
pobypoptide- 1), glucocorticoid antagonists, glucose ransporter inhibitors, growth hormone
secretagogucs (such as those disclosed and specifically described in US3536716), mterieukin-6
{IL-&} and modulators thereot {as 1n WOO3/G57237, and the Like), L- carnitine, Mo3y
{melanccortin 3 receptor) agonists, MUHZR {melanin concentrating hormones 2R}
agonist/antagonists, melanin concentrating hormone antagonists, melanocortin agonists {such as
Melanotan H or those described in WO 99/644802 and W ({/74679), nomame herba, phosphate
transporter inhibitors, phyvtopharm compound 37 {(CF 644,673), pyrmvate, SCD- {stearoyi-{CoA
desaturase- 1y inhibitors, T71 (Tolank, Inc., Boulder OO}, Topiramate (Topimax®, indicated as
an anti-convulsant which has been shown to increase weight loss), transeription factor
madulators {such as those disclosed in WOO3/026574), B-bydroxy siereid dohydrogenase- |
inhibitors (§ -HSD-1), B-hydroxy-B-methvibutyrate, p57 (Phizer), Zonisamide {Zonegran™,
indicated as an anti-epileptic which has been shown to lead to weight loss), and the agents
disclosed iy USZ00301 19428 paragraphs 20-26.

Awnri-Daberic Agents

The GCRA peptides described herein can be used in therapeutic combination with one or

more anti-diabetic agents, including but not limited to: PFARy agonists such as glitarones {e.g.,
WAY-120,744, AD SO75, balaglhitarone, cighitazone, darglitazone (CP-86325, Pfizer),
englitazone {CP-6K722, Plizery, isaglitazone (MIT/J&J), MCC- 535 (Mitsibishi disclosed in
US3394016), ploglitazone (such as such as Actos  plogittazone; Takeda), rosighitazone

{Av and‘i,aW;Smi ih Kline Beechany}, rosiglitazone maleate, troghitazone (Rezulin®, disclosed in
UIS4572812), rivoglitazone (CS-01 1, Sankve, GL-262570 (Glaxo Welcome), BRLAS653
(disclosed in WO9B/0533 1), CLX-0921, 3-BTZD, GW-0207, LG- 103641, JFT-501
(IPNT/PELS, L-895645 (Merck), R-1IST02 (Sankyo/Pfizery, NIN-2344 (Dr. Reddy/NI}, Y M-
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440 (Yamanouchi), LY-300512, LY-5198158, R443 (Roche), T131 (Tularik), and the ke and
cormpounds discloscd in US4687777, USS(02353, USST741R80G3, USS965584, US6ISG3R3,
USHI50384, USH160042, USH106043, USHTT2090, US6211205, US6271243, USH2KRG9S,
US6303640, US6320404, USS994 554, WO97/10813, WO9T/27857, WORT/28115,
WORT/IRT37, WO9T/27847, WOMYTEARR, WOO3/B000R3 WOO3/027 112, W03/035602,
WOOZ/048 130, WOO3/055867, and pharmacentically acceptable salts thereof; bigoanides such
as mctformin bydrochloride (N, N-divacthylinedodicarbomimidic diarside hydrochloride, such as
CHlucophage™, Bristol-Myers Squibb) metfornin hydrochloride with glyburide, such as
Glucovance™, Brstoi-Myors Squibb); butorrown Umidodicarbonimidico diamide, N-buivl-};
etoformine {i-Butyl-2-cthyibignanide, Schering A, 3.} other metformin salt forms {including
where the salt is chosen from the group of, acetate, benzoate, citrate, fimarate, embonate,
chlorophenoxvacetate, glycolate, palmoate, aspartate, methanesulphonate, maleate,
parachlorophennxyisobutyrate, formate, laciate, succinate, sulphate, tartrate,
cyclohexanecarboxylate, hexancate, octanocate, decanoate, hexadecanoate, octodecanoate,
benzencsulpheonate, trimethoxvhenzoate, paraiciuencsulphonate, adamantanccarboxylate,
glveoxylate, glutarnate, pyrrohidonccarboxylate, napbthalenesulphonate, 1-glucosephosphate,
nitrate, sulphite, dithionate and phosphate}, and phenformin; protein tyrosine phosphatase- 1B
{(PTP-IB) inlubitors, such as A-401,674, KR 61639, OC- 060062, OC-H3839, GC-297902,
BMOS2445 MOS2453, ISIS 13715, and those disclosed in WOOW/SR5521, WO0U/5K518,
WOSO/SRAZE WOOS/GE43S5, WOO3/B532916, WOO03/032082, WOD3/04172%, WOOR/055883,
WO02/26707, WOG2/26743, IP200211476%, and pharmaceusiically acceptable salts and esters
thereof] sulfonvlureas such as acetohexamide {e.g. Divraelor, Bl Lilly), carbutanade,
chiorpropamide {e g, Diabinese®, Phizery, glismilide (Pfizer), gliclazide (e.g. Biamcron, Servier
{Canada incy, glimepiride {e.g. disclosed in US4379785, such ay Amaryl |, Aventis}, glipentide,
ghipwzide {e.g. Glucoirol or Glucotrol XL Extended Release, Pfizer), gliguidone, glisolamide,
glybunide/glibenclamide {e.g. Micronase or Glynase Prestab, Pharmacia & Upjohn and Diabeta,
Aventis)y, tolazamide {e.g. Tolinase), and tolbutamide {e.g. Orinase), and pharmaceutically
acceptable salts and esters thereof;, meglitinides such as repaglinide {e.g. Pranidin®, Diovo
MNordisk )y, KAD1229 (PF/Kisset), and nateglinide {e.g. Starlix®, Novartis}, and pharmaceutically
acceptable salts and esters thereof) a glucoside hydrolase inhibitors {or glucoside inhibitors} such

as acarbose {e.g. Precose™, Baver disclosed in US4204760), mightol (such as GLYSET™,
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Pharmacia & Upjohn disclosed in US4639436), camiglibose (Mathyl 6-deoxy-0-[{ 2R 3R 4R 35}
3,4, 5-trihyvdroxy-2- (hydroxymeothyl piperidine alpha-D-glucopyranoside, Marion Morrel
Dow}, voghibose {Takeda), adiposine, cwiglitate, pradimicin-Q, salbostatin, ORI-711, MBL-
25,637, MDL- 73,945, and MOR 14, and the compounds disclosed in UUS4062850, US4174439,
UIR4254256, UN4T01559, UN4639436, UNII92772, UN4634765, UNSIATII6, UNSAGA0TER,
USSO9141E, USS217877, USS1091 and WO 1/47528 {polyvammes); a-amylase mhibitors such
as tondamistat, restatin, and Al 3688, and the compounds discloscd 1o US4451455,
US4623714, and UIS4273763; 8GLT2 inhibtors including thosc discloscd in US6414126 and
US6515117; an aPZ iohibitor such as disclosed v USH548579; insulin scorcatagogucs such a3
linoghirtde, A-4166, forskilin, dibutyr] cAMP, isobutvimethvixanthine (iIBMX), and
pharmaceutically acceptable salts and osters thereof] fatty acid oxidation inhibitors, such as
clomaoxir, and stomoxir, and pharmaceutically acceptable salts and esiers thereot; AZ
antagorusts, such as mudaglhizole, isaghidole, derighdele, wdazoxan, earoxan, and fluparoxan, and
pharmaceutically acceptable salts and esters thereof] insulin and related compounds {e.g. insulin
mimetcs) such as biota, LP-1040, novarapid, insulin detemir, insulin lspro, insulin glargineg,
insulin zine suspension (ende and wltralente), Lys-Pro insubin, GLP-1 (0-36) ammde, GLP-F{73-T)
(insulintropin, disclosed in US5614402), LY -315902 (Lilly)y, OLP-f (7-36)-NH2, AL-401
{Autoivamanc), cerfain compositions as disclosed in UB4579730, US4R8494805, UR4063524,
LISS64286K, 1IS5763306, 1IS582463R, LINA843860, LIS6153632, US6191 145, and WO
B85/05029, and primate, rodent, or rabbit insulin including biclogically active variants thereof
including allelic variants, wore preferably human insulin available in recombinant form (sources
of human mmsulin include pharmaceutically acceptable and sterile formulations such as those
available from £l Lilly Ondianupois, Ind, 46285) as Hurmalin (human josalin rDNA origin,
alse see the THE PHYSICIAN'S DESK REFERENCE, 35 sup.th Ed. {2001 Medical
Econoroics, Thomson Healtheare {disclosing other suttable homan insulins); noo-
thiarolidinediones such as JT-301 and farglitazar (GW-2570/GE- 2625379}, and pharmaccutically
scceptable salts and esters thereof, PPARo/y dual agonists such as AR-HO39247 {Astrazeneca),
OW-409344 (Glaro-Wellcome), BY'T-142, CLX-0940, GW-1536, GW-1929, GW-2433, KRP-
297 {Kyorm Merck; 5-1{2 4-Dioxo thiazolidinvDimethyl} methoxy-N-[{4-
(rifluoromethyiphenvll mothylibenzamide), 1-796445, LR-90, MEK{767

(Mercl/Kyorin/Baryu), SB 219994, muraglitezar (BMS), tesaghitzar (Astrazenccs), reglitazar
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{JTT7-501} and those disclosed in WO9G/1673%, WO08/183 13, WOSW/ 200614, WO/ 3KE50,
WOO/23415, WOOK/2Z3417, WOOD/23445, WOO0/50414, WO0N1/00579, WO01/79130,
WOGZ/062798, WOO3/0044 58, WOG3E/B16265, WO03/018010, WOO3/033481, WOL3/433450,

WOU3/033453, WO03/043085, WO 031033976, ULS. application Ser. No. 09/664,59%, filed Sep.

18, 2008, Murakami et al. abetes 47, 1841-1847 (1998}, and pharmaceutically acceptable salts
and esters thereof; other insulin sensitizing drugs; VPACZ receptor agonists; GLK medulators,
such as those disclosced in WO0O3/015774; retinord modulators such as those disclosced in
WOG3/000249; GSK 3B/GSK 3 inhibitors such as 4-{2-2-bromopheny! 4 (4-fluorephonyl-lH-
wridazol-5~ vinyridine and those corapounds disclosed 1o WOG3/G24447, WO03/03786%9,
WOZ/GRTRTT, WO3/Q37891, WOO3/068773, EPIZO58R4, EP1295KES, and the like; glyveogen
phosphoryiase (HGLPa) inhibitors such as CP-368,296, CP-316,819, BAYR3441, and
compounds disclosed m WO /94300, WO82/20336G, WOG3/037864, and pharmaceutically
acceptahle salis or csters thereof, ATP consumption promotors such as those disclosed in
WOGS/G0T7900: TRES inhibttors; vanilloid receptor Higands such as those disclosed in
WONR/049702; hypoglyeomic agents such as those disclosed in WOOR/G15781 and

WO03/0401 14, glveogen synthase kinase 3 irdubitors such as those disclosed in WOH3/035663
agents such as those disclosed in WOSS/S1225 ) USZ0030134890, WO01/24786, and
WOL3/HSORTE: nsulin-responsive DNA binding protein-1 (dRDBP-I) as disclosed in
WOOR/ASTRYT, and the bike; adenosine A2 antagonists such as those disclosed i WOD3/G35639,
WOO3/035640, and the like: PPARS aponists such as GW 501516, GW 384735, and compouds
disclosed in IPI0Z37040 and WOG2/142091; dipeptidyl peptidase IV {IDP-1V) inhibitors, such as
isoleucing thiazolidide, NVP-DIPPT2RA (- [[2-[{S-cvanopyridin-2-
yvhamingjethylaminofacetvii-Z-cyano-(S-pyrrolidine, disclosed by Hughes et al, Biocherstry,
38(36), 11539711603, 1909y, PR2/OR, NVP-LAF.237, P320K, TRELZZS {tryptophyl-1,2.3,4-
teirshydro-tsoguinelive-3-carboxyhe acid, disclosed by Yamada ot al, Bicorg. & Med. Chem,
Leott, ¥ (190%) 1537-1540), valine pyrrolidide, TMOC-2A2B/2C, Ch- 26 inhibitors, FESUG01],
POITG/K364, VIP §177, DPP4, 802 274-444, Z-cyanopyrrohdides and 4-cyanopyrrolidides as
disclosed by Ashworth ¢t al, Bioorg. & Med. Chem. Lett, Vol 6, Mo, 22, pp 1163-1166 and
2T45-2748 (199 and the compounds disclosed in US6395767, USHSTI287, USE3958767
{compounds disciosed include BME477118, BME-471211 and BMS 338.3035), WOOU/ 385G,
WOMAGZTZ, WORS/ET279, WOOS/ET27E, WO0G/6143 IWON3/604408, WO03/004494,
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FPI258476, WOO2/OK3128, WO0Z/062764, WOO3/060250, WOG3/002530, WO03/002531,
WOGR/002553, WOO3/G32593, WOG3/00018G, and WOL3/000181; GLP-1 agonists such as
exendin-3 and exendin-4 {inchuding the 39 aa polypeptide syothetic exendin-4 called
Exengtide®}, and coropounds disclosed m US2003087821 gnd WNZ 504256, and
pharmaceutically accoptable salts and esters thereof] peptides including amlintide and Symlin®
{prambiniide acetate); and glyeokinase activators such as those disclosed in USZ002103109
{fuscd heteroaromatic cormppounds) and WO02/48 106 (soindohn-1-onc-substituted propionandde

compounds’,

Paosphodiesterose inhihitors

The GCRA peptides described herein can be used in combination therapy with a
phosphodiesterase inhibitor. PDE inhibitors are those compounds which slow the degradation of
cyehic AMIP {cAMPY andfor cychic GMP (oGMP) by intubition of the phosphodiesterases, which
can lead to a relative increase in the intracelhilar concentration of ¢ AMP and/or cGMP.
Possible PIDE inhibitors are primarily those substances which are to be numbered among the
class consisting of the PDES inhubitors, the class consisting of the PDE4 inhibitors and/or the
class consisting of the PDES inhibitors, in particular those substances which can be designated as
mixed types of PDE3/ inhibitors or as mixed types of PDEI/4/S inhibitors. By way of example,
those PBIE inhibitors may be mentioned such as are described and/or claimed in the following
patent applications and patents: DEI4T70341, DEZI0R43S, DE212332%8, DE2345339,
DEZ303575, DEZ3ISR0T, BEZ402908, DEZ413915, DEZ451417, BE2459090, DE2646469,
DEZIT27481, DE282304, DEZE37161, DEIRES220, DEZRAT621, DE2934747, DE3G21762,
DEZO3R16S, BE304456E, EPGOOTER, EPGOR40E, EPOOIOT3S, EPGO5994E, EPGG75436,
EPOGO6517, EPCL 12087, EPOL 1604K, EPO150037, EPQISK380, EPGI6I632, EPGISI01Y,
EPGIOT7I2E, EPQLOOI27, EPOR20044, EPOR247725, EPGIIE19Y, EPU2T72910, EPOR72814,
EPGI24647, EPQI0OT26, EPOI35386, EPQ337788, EPG3892R2, EPO40693%, EPD4206180,
EPG4IRI0Z, EPO43381 1, BRPO4TOE0S, EPO4ARRR0K, EPD400R23, EPG306104, EPO311RAS,
EPOS27117, EPO6IO230, BPO6642RS, EPOGTISRG, EPD6R54T4, EPOOESATS, BEPG683479,
IPOI23438%9, JPO4320651, IPOS010875, ULS. Pat. Nos. 4,963,561, 5,141,931, WOS117991,
WOOZGH06R, WOS2ZI2901, WOS307146, WO92315044, WOS313045, WO2318024,
WOR319068, WO9319720, WOO319747, WO931674%, WOO3 19751, WOR325517,
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WOSAGIAGS, WOR406423, WOS4124061, WOQ420455, WO9422852, WS425437,
WGAZTOAT, WOSSH0516, WOGSEI280, WOIS03794, WOOS0H4045, WOS3(4040,
WOURSGA3RG, WOISHKE 34, WOSSE9623, WOISHR624, WIB509627, WOSH0R3E,

WOUS 4067, WOOS 14680, WOOS 14681, WOSS 17392, WO08517399, WO519362,
WORS22520, W9524381, WOSS2T692, WOISRS2EI26, WO9A352RY, WIBS35282,
WOSOOUIIR, WOROGIRZIS, WO9G02541, WOSGHI917, BE3 42082, DEL 116676, DE2IGZ006,
EROZO3063, BPUAG3T 56, EPD4RIZOE, BRG5T79496, ERPGO6T345 1US6,33 1,543, USI0050004222
(including thosc disclosed in formulas I-X1H and paragraphs 37-39, 85-0545 and 557-577) and
WORSGT7124, EPO163S6S, HPQ3U3500, EPUSINS62Z, EPOS52174, WO9SE1I33R and WORGD3399,
PDES inhibitors which may be mentioned by way of example are RX-RA-68, SCH-51866, KT+
734, vesnarinone, zaprinast, SKF-90231, ER-Z1355, BF/GP-385, NM-702 and sildenafil
{¥Viagra®) PI3E4 mhibitors which may be mentioned by way of example are R(G-286-1724,
MEM 1414 (R1533/R 154640, Pharmacia Roche), DENBIUFYLLINE, ROLIPRAM,
OXAGRELATE, NITRAQUAZONE, Y-390, DH-6471, SKF-94120, MOTAPIZONE,
PIXNAZINONE, INDOLIDAN, OLPRINONE, ATIZORAM, KS-506-G, DIPAMEYLLINE,
BMY-43351, ATIZORAM, AROFYLLINE, FILAMINART, PDB-093, UCE-29646, CDP-R40,
SKF- 107806, FICLAMIELAST, RE- 17597, R5-25344-000, SB-207499, TIBENELAST, SB-
210667, SB-211572, 3R-211600, SB-212066, SR-212170, GW-3600, CDP-R40, MOPIDAMOGE,
ANAGRELIDE, IBUDILAST, AMRINONE, PIMOBENDAN, CILOSTAZOL, GUAZINONE
and N-(3, S-dichloropyrid-4-y13-3-cyclopropyimethoxyd-difluoromethoxybenzamide. PDE3S
inhibitors which may be meationed by way of example are SULMAZOLE, AMPIZONE,
CILOSTAMIDE, CARBAZERAN, PIRGXIMOME, IMAZODAN, {1-930, SIGUAZGDAN,
ADIBENDAN, SATERINGONE, SEF-93654, SDZ-MES-492, 349-U-85, EMORADAN, EMID-
33995, EMDST033, DNEP-306, NPT, REVIZINONE, MNM-T702, WHN-62382 and WIN-
63291, ENOGXIMOME and MILRINONE, PRE3/4 mhibitors which may be mentioved by way of
gxample are BENAFENTRINE, TREQUINSIN, ORG-30029, ZARDAVERINE, 1 -086308,
SDZ-150-844, ORG-20241, EMID-34022, and TOGLAFENTRINE. Other PDE inhibitory include:
cilomilast, pentoxitfyline, roflumilast, radalafil{Cialia®}, theophylline, and vardenatil{iovitra®;},

zaprinast {PDES specific).
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Anti- Uterine Contractions Agents

Thoe GCRA peptides desceribed borein can be used in combination thorapy ({for exaraple,
in order to decrease or inhibit uterine contractions) with a tocolytic agent including but not
bimnited to beta-adrenergic agents, magnesium sulfate, prostaglandin inhibitors, and caleium

channel blockers.

Anti- Neaplastic Agenis

The GURA peptides described horoin can be used in combination thorapy with an
antincoplastic agents moluding but not bmided to alloylating agonis, epipodophyilotoxins,
nitrosouress, antimctabolites, vinca atkaloids, anthracycline antibiotics, nitrogen mustard agenis,
and the ke, Particular anti-neoplastic agoents may mclude famoxiton, taxol, etoposude and 5-
thiorouracil,

The GCR A neptides deseribed herein can be usaed  combination therapy {(for example

as in a chemotherapeutic composition} with an antiviral and monoclonal antibody therapies.

Agenis fo reat Congestive Heart Fallure

The GURA peptides described hercin can be used i combination therapy (for example,
in preventon/ireatment of congestive heart tatlure or anether methed desoribed herein with the
partial agonist of the nociceptin receptor GRLE described by Dooley et al. (The Journal of
Pharmacology and Experimental Therapeutics, 283 {2 735-741, 1997). The agonistisa
hexapeptide having the amino acid seguence Ac- RYY (RKY (W (RKY-NHZ ("the Dooley
polypeptide"y, where the brackets show allowable variation of amino acid residue. Thus Booley
polypeptide can include but are not limited fo KYYRWER, RYYRWER, KWRYYR, RYYRWK,
RYYRWE (all-]> ammn acida), RYYRIK, RYYRIE, RYYKIK, RYYKIR, RYYKWR,
RYYKWE, RYYRWR, RYYRWK, RYYRIK, RYYKWER, RYYEWK, RYYRWK and
KYYRWE, whorein the amino actd residucs are in the E-form uniess othorwise apecified. The
GURA peptides described herein can also be used 1 combination therapy with polbvpeptide

coningate modifications of the Dooley polypeptide deseribed 1o WOGI9E324.

DOSAGE
Dosage levels of active ingredients in a pharmaceutical composition can also be varied so as

to achieve a transient or sustained concentration of the compound in 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 doscs of the compound at levels lower than required to achicve
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 discase.

An cffcctive dosage of the composition will typically be between about 1 pg and about 10
mg per kilogram body weight, preferably between about 10 pug to 5 mg of the compound per
kilogram body wcight. Adjustments in dosage will be madc using mcthods that 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 dosage that is therapeutically effective using
the existing art as a guide. Drugs may be administered in a single composition or sequentially.

Dosage levels of the GCR agonist for use in methods of this invention typically are from
about 0.001 mg to about 10,000 mg daily, 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.

The total 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 two to 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 regimen to 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 subjecct, the scverity of the discasc, the routc of administration, pharmacological
considerations such as the 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 regimen set forth

abovc.

EXAMPLES

EXAMPLE 1: 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 Fmaoc/tBu protocol, but for larger quantities (1 g or more), Boc/Bzl is
superior.

In each case the GCRA peptide was started 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 and related 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 residue as 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/DIEA in 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 topoisomer as the dominant product (75:25). (For enterotoxin
analogs, a third disulfide bond protccting group (Mob) was utilized).

For peptides containing C-terminal Aeea (aminoethyloxyethyloxyacetyl) groups, these
were coupled to a Ramage amide linker using the same activation chemistry above by using an
Fmoc-protected Aeeca 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
of Acca, thc Cys rcsiduc numbcering will be incrcascd by three Cys4 becomes Cys7, Cys12
becomes Cysl5; Cys7 becomes Cys10 and Cys 15 becomes Cys18. The latter pair is protccted
with Acm and the former pair keeps the Trt groups.

For analogs containing D-amino acid 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 Fmoc strategies, Fmoc-dAsn(Trt)-OH, Fmoc-
dAsn(Xan)-OH, Fmoc-dAsp(tBu)-OH, Fmoc-dGlu(tBu)-OH and for Boc strategies, Boc-
dAsn(Xan)-OH, Boc-dAsn(Trt)-OH, Boc-dAsp(Chx), Boc-dAsp(BzIl)-OH, Boc-dGlu(Chx)-OH
and Boc-dGlu(Bzl)-OH would be utilized.

Each peptide is cleaved from the solid-phase support using a cleavage cocktail of
TFA:H2O:Trisisopropylsilane (8.5:0.75:0.75) ml/g of resin for 2 hr at RT. The crude deprotected
peptide is 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 NH4OH to increase the pH to 9. Following complete
solubilization of the product, the disulfide bond was made between the Trt deprotected Cys
residues by titration with H,O;. The monocyclic product was purified by RP-HPLC. The purified
mono-cyclic product was subsequently treated with a solution of iodine to simultancously
remove the Acm protecting groups and introduce the second disulfide bond.

For enterotoxin analogs, the Mob group was removed via 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
TEAP in H20 versus MeCN, followed by TFA in H2O0 versus MeCN. Highly pure fractions
were combined and lyophilized. The final product was converted to an Acctate salt using either
ion exchange with Acetate loaded Dow-Ex resin or using RP-HPLC using a base-wash step with

NH4OAc followed 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 clcavage, 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

Pcptide synthesis is initiatcd on a Mcrrificld or Pam pre-loaded resin or with mBHA for
peptides produced as C-tecrminal amidcs. Each synthctic cycle consists of a deprotection step
with 50% TFA in MeCL2. The resin is washed repetitively with MeCl2 and MeOH. The TFA
salt formed is neutralized with a base wash of 10% TEA in MeCI2. The resin is washed with
MeClI2 and MeOH and lastly with DMF prior to coupling steps. A colorimetric test 1s conducted
to ensure deprotection. Each coupling is mediated with diisopropyl carbodiimide with HOBT to
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, MeCl12 and MeOH and prepared 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 0°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: IV VITRO PROTEOLYTIC STABILITY USING SIMULATED GASTRIC FLUID
(SGF) DIGESTION

The stability 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 ,PO4 (0.6 g/liter; Sigma),
CaCl; (0.11 g/liter), KC1 (0.37 g/liter; Sigma), Porcine bile (final 1 X concentration 0.05 g/liter;
Sigma) in PBS, Lysozyme (final 1 X concentration 0.10 g/liter; Sigma) in PBS, Pepsin (final 1 X
concentration 0.0133 g/liter; Sigma) in PBS). SGF was made on the day of the experiment and
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the pH was adjusted to 2.0 £ 0.1 using HCI or NaOH as necessary. After the pH adjustment,
SQGF is filter sterilized with 0.22 pm membrane filters. 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 showing the 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 analyses of 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 SGF at 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: IV 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 method as 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 ;P04 (0.6 g/liter; Sigma), CaCl; (0.11
g/liter), KC1(0.37 g/liter; Sigma), and Pacreatin 10 mg/ml. The pH was adjusted to 6 and the
solution was filter sterilized. 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 min respectively, in triplicate aliquots. Following
incubations, samplcs were removed and snap frozen with dry ice and stored in a -80°C freczer
until assayed in duplicate. Figure 2A is a bar chart showing the ability of SP-304, after
incubation in SIF for times as indicated, to stimulate cGMP synthesis in T84 cells. The cGMP

stimulation activity at 0 min was taken as 100%. The data are an average of 3 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, samplcs after digestion with
SIF were further analyzed by HPLC.

The integrity of SP-340 peptide exposed to SIF was evaluated by HPLC by essentially
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,
which elutes at 16.2 min was converted into another peak at 9.4 min and a few minor peptide
peaks. Thus, it was important to find out structures of the metabolites of SP-304 produced after
digestion with SIF. SP-304 peptide was incubated with SIF for various times and the peptide

digestion products were isolated and subjected to structure elucidation by MS analysis.

Figurc 3 is a schematic representation of the possible metabolites of SP-304. The major
dcgradation products involve N and D clipped from the N-tecrminus and L from the C-tcrminus
of SP304. Howcver, there was only 30% rcduction in biological activity, implying that onc or
more of the degradation products were also biologically active. To address this possibility,
several truncated peptides were synthesized and evaluated for their abilities to stimulate cGMP

synthesis in T84 cells (Figure 4).

Figurc 4 shows data from thc analyscs of various peptides in the T84 ccll cGMP
stimulation assay (essentially as described in Shailubhai, ef a/., Cancer Research 60, 5151-5157
(2000) . Briefly, confluent monolayers of T-84 cells in 24-well plates were washed twice with
250 pl of DMEM containing 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 shown in the Figure 4 at a concentration of 1.0
uM for 30 min. 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, intracellular 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 each sample was run as duplicates in ELISA test.
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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 cxample, 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
compared to 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 bc important for stability and/or potency of the peptides. Bascd on thesc results, scveral new
peptides were synthesized with D-forms of amino acids replacing the corresponding L-forms at
the C- and N-tcrmini of the peptides. These peptides were cvaluated for their abilitics to

stimulate cGMP synthesis in T84 cells as shown in 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 Leu at the C-terminus can be
replaced with their respective D- amino acid forms. However, the leucine at the 6™ position can

not be replaced with its D-form.

Figure 7 (A-F) shows the stabilities of peptides 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-Asn at the N-terminus and D-Leu at 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
HPLC analyses 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% of its potency following digestion with SIF for just one hour (Figure 7C).
The HPLC analysis of SP-304 following SIF incubation confirmed its dcgradation (Figurc 7D).
Thesc results suggest that the peptide SP-304 undcergocs protcolysis following incubation with
SIF, whercas substitution of L-Asn with D-Asn at the N-tcrminus 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 morc stablc and potent as a drug candidatc.

EXAMPLE 4: 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 carcinoma cell line. Human T84 colon carcinoma cells were
obtained from the American Type Culture Collection. Cells were grown in a 1:1 mixture of
Ham's F-12 medium and Dulbecco's madified Eagle's medium (DMEM) supplemented with 10%
fetal bovine serum, 100 U penicillin/ml, and 100 pg/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 1l of DMEM containing 50 mM HEPES (pH 7.4),
pre-incubated at 37°C for 10 min with 250 pl of DMEM containing 50 mM HEPES (pH 7.4)
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 used directly for measurements of cGMP using an ELISA kit (Caymen
Chemical, Ann Arbor, Mich.).

Figure 6 shows results from the experiments evaluating potency of peptides that are
similar to the E. coli enterotoxin ST peptide in the cGMP stimulation assay (as above). Among
these the peptides SP-353 and SP-354 were found to be quite potent to stimulate cGMP synthesis
in T84 cells. Particularly, the peptide SP-353 that has Ser residue at the 6™ position was found to
be the most potent among the peptides tested. The peptide SP-355 that has D-Tyr at the C-

terminus showed potency markedly less than the other peptides.

EXAMPLE 5: PEGGYLATED PEPTIDES

An additional stratcgy to rendcer peptides morc resistant towards digestion by digestive
proteases is to peggylate them at the N- and C-terminus. The peptide SP-333 was peggylated
with thc aminocthyloxy-cthyloxy-acctic acid (Acca) group at thc C-tcrminus (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 method as described above.
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The peptides SP-347 and SP-350 showed potencies comparable to SP-333 in their
abilitics to stimulatc cGMP synthesis in T84 cclls. Howcver, peptide SP-343 was considcrably
less potent as compared to the other peptides tested. The poor activity of SP-343 might be due to
the considerable steric hindrance afforded by the large Aeea groups at both termini.

EXAMPLE 6: COMBINATION OF GUANYLATE CYCLASE AGONISTS WITH PHOSPHODIESTERASE
INHIBITORS

Regulation of intracellular concentrations of cyclic nucleotides (i.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 (¢cGMP-PDE), which are generally overexpressed in cancer and
inflammatory discases. Therefore, a combination consisting of an agonist of GC-C with an
inhibitor of cGMP-PDE might produce synergistic effect on levels of cGMP in the target tissues

and organs.

Sulindac Sulfone (SS) and Zaprinast (ZAP) are two of the known inhibitors of cGMP-
PDE and have been shown to induce apoptosis in cancer cells via a cGMP-dependent
mechanism. SS and ZAP in combination with SP304 or SP-333 was evaluated to see if these
PDE inhibitors had any synergistic effect on intracellular accumulation of cGMP (Fig. 9-12). As
the data shows, SS at concentration of 100 uM did not enhance intracellular 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 cGMP levels 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 cGMP are stabilized because SS inhibits
cGMP-PDE that might be responsible for depletion of intracellular cGMP. Thus, the approach to

use a combination of GC-C agonist with a cGMP-PDE inhibitor is 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 ul of
DMEM containing 50 mM HEPES (pH 7.4) and 1 mM isobutyl methylxanthine (IBMX).

90

3344



10

15

20

25

30

WO 2008/151257 PCT/US2008/065824

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 alonc or in combinations, as indicatcd below
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 ncutraliz¢ the pH, intraccllular cGMP I¢vels were determined in
lysatcs using a cGMP ELISA kit (Cat. No. 581021 ; Cayman Chcmical, Ann Arbor, MI).

Samplcs were run in duplicates incubations and cach samplc was run as duplicatcs in ELISA tcst.

For the results shown in Figure 10, the method used was same as 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) ecither alone or in combination with SP-304. 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,
intracellular cGMP levels were determined in lysates using a cGMP ELISA kit (Cat. No.
581021; Cayman Chemical, Ann Arbor, MI). Samples were run as triplicates in ELISA test.

For the results shown in Figure 11, the method used was same as 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) cither alone or in combination with SP-333. 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, intracellular
cGMP levels were determined in lysates using a cGMP ELISA kit (Cat. No. 581021 ; Cayman
Chemical, Ann Arbor, MI). Samples were run as triplicates in ELISA test.

For the results shown in Figure 12, the method used was same as the one used for Fig. 10
except that the monolayers of T84 cells were incubated with 500 pl 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) cither alone or in combination with SP-333. After the 30 min incubation,

the medium was aspiratcd and the rcaction was tecrminated by the addition of 3% pcrchloric acid.
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Following centrifugation and the addition of NaOH (0.1 N) to neutralize the pH, intracellular
cGMP levels were determined in lysates using a cGMP ELISA kit (Cat. No. 581021 ; Cayman
Chemical, Ann Arbor, MI). Samples were run as triplicates using the ELISA test.

EXAMPLE 7: AN ORAL RANGE-FINDING TOXICITY STUDY IN CYNOMOLGUS MONKEYS.

5 The objective of the study is to determine the toxicity of the GRCA peptides according to
the invention following a single oral gavage administration to the cynomolgus monkey and to
allow assessment of reversibility 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.

10 Experimental Design

The test (¢.g., the GRCA peptides according to the invention) and control/vehicle article
will be administered in three phascs scparated by a minimum 7-day obscrvation period. Each
phasc will consist of a singlc oral gavage administration to fcmale cynomolgus monkceys as

indicatcd in the tables below:

15 Phase 1:
Eight non-naive female cynomolgus monkeys will be transferred from the ITR Spare

Monkey colony 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 0 0 10
1 Control/Vehicle 1 2
1 1 0.1 10
2 Test Peptides 4 2
4

Following completion of the Phase 1 dosing, all monkeys will be observed for 33 days.
20  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 monkeys as previously used in Phase 1

will be transferred from the ITR Sparc Monkcey colony and assigned to four dosc groups as

follows:
Group Group Study | Dose Dose Dose Number of
Number | Designation Day Level Concentration | Volume | Animals
(mg/kg) | (mg/mL) (mL/kg) | (Females)
Control/Vehicle | 1 10 1 10 2
2 Test Peptides 1 10 1 10 2

Following completion of the Phase 2 dosing, all monkeys will be observed for a

minimum of 7 days.

Route of Administration

The oral routc of administration has been chosen becausc it 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 amount of distilled 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 1 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 1 (pre-dose and post-dose).
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Group 3: 1.5 mL in duplicate from the middle on Day 1 (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 Sponsor to be shipped to a laboratory designated by the Sponsor for 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 Range at Start: Young adult at onset of treatment
Acclimation Period: The animals will be transferred from ITR’s spare

monkey colony. 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 gavage tube 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 water immediately
following administration of the dose formulation in order to ensure that the entire dose volume
has been delivered to the animal. The dose volume will be 10 mL/kg for all animals, including
controls. The actual volume administered to each monkey on Day 1 of cach Phase will be

calculated using the Day -1 body weights of ecach Phase.

Dosing formulations will be maintained cold during dose administration by placing them

in an ice water bath.

The dosing formulations must be placed on a stir plate for a minimum of 15 minutes prior

to the start of dosing and maintained on the 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-side clinical 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.
Cage side 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 Phasc 1: pre-dosc, 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 once at the time of

animal transfer and once weekly thereafter.
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Animals whose health status is judged to warrant additional evaluation will be examined
by a Clinical Vcterinarian, or a technician working under the 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 end of the study.

Cages will be cleaned prior to 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 cookies after

12pm. The sum of the total number of cookies given for the day will be recorded.

The next morning, a visual check will be performed to sce how many cookics arc Icft in
the cage. The number of whole cookics remaining in the food hopper or 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.

EXAMPLE 8; 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 model of intestinal secretion. In this model a GCRA peptide is
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 and the ratio of guts to carcass weight is
calculated. If the ratio is above 0.09, one can conclude that the test compound increases 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 model is described by Siegmund et al. (1957 Proc. Soc.
Exp. Bio. Med. 95:729-731). Briefly, one hour after oral dosing with a test compound, ¢.g., a
GCRA peptide, morphine or vehicle, 0.02% phenylbenzoquinone (PBQ) solution (12.5 mL/kg)

96

3350



10

15

20

25

30

WO 2008/151257 PCT/US2008/065824

is injected by intraperitoneal route into the mouse. The number of stretches and writhings are
recorded from the 5% to the 10® minute after PBQ injcction, 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 number of stretches and writhings (mean £ SEM) and the percentage
of variation of the nociceptive threshold calculated from the mean value of the vehicle-treated
group. The statistical significance of any differences between the treated groups and the control
group is detcrmincd by a Dunnctt's test using the residual variance after a onc-way analysis of

variancc (P< 0.05) using SigmaStat Softwarc.

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 25pum column,
2.0 x 15mm direct connect) without further processing. The sample on the SPE column is
washed with a 5% methanol, 95% dH,0 solution (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 flow path
onto the analytical column (Waters Xterra MS C8 5pum IS column, 2.1 x 20mm). The sample is
cluted from the analytical column with a reverse phase gradient (Mobile Phase A: 10 mM
ammonium hydroxidc in dH,O, Mobilc Phasc B: 10 mM ammonium hydroxidc in 80%
acctonitrilc and 20% mcthanol; 20% B for the first 3 minutcs 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 determined in rats using LCMS methodology.
Rat plasma samples containing the GCRA peptide are extracted using a Waters Oasis MAX 96
well solid phase extraction (SPE) plate. A 200 uLL volume of rat plasma is mixed with 200 pl. of
BCg, "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 pL of 2%
ammonium hydroxidc in watcr followed by 200 pL of 20% mcthanol in watcr. The samplcs arc
eluted with consecutive 100 L volumes of 5/20/75 formic acid/water/methanol and 100 pL
5/15/80 formic acid/water/methanol. The samples are dried under nitrogen and resuspended in
100 pL of 209 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 L.
volumc of cach sample is injccted onto a Thermo Hypersil GOLD C18 column (2.1x50 mm, 5
um). polypeptidc is cluted by a gradicnt over 3 minutces with acctonitrile and water containing
0.05% trifluoroacctic acid. The Quattro Micro mass spcctromcter is run in multiple rcaction
monitoring (MRM) mode using the mass transitions of, for example 764>182 or 682>136. Using
this methodology, polypeptide is dosed orally and by IV to rats at 10 mg/kg. Pharmacokinetic

properties including area under the curve and bioavailabilty are determined.

EXAMPLE 10: 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 8 (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 ratc is approximatcly 3 pmol/mL/min. Blood pressure, urinc production, and sodium
cxcrction arc monitorcd 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 of five 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 1s collected at 30 minute intervals up to 180 minutes after 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-response relationship 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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Mouse or Primate Diuresis Experiment: Once an appropriate level of anesthesia has been
achicved, a sterile polyurcthanc cathceter is inscrted into the urcthra and sccured using 1 - 2 drops
of veterinary bond adhesive applied to urethra/catheter junction. Animals are then dosed with
either vehicle or test article via the intravenous or 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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We claim:

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 compaosition 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

thcrapceutically cffcctive amount and a pharmacctical carricr, cxcipient or dilucnt.

3. The peptide of claim 1, whercin said peptide is SEQ 1D NO: 8, 9, 10, 58 or 59.

4. The pharmaccutical composition of claim 2, whercein said peptide is SEQ 1D NO:
8,9, 10, 58 or 59.

5. The peptide of claim 1, wherein said peptide is SEQ ID NO: 45-54 and said

peptide increases cGMP production 1n 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 cGMP production 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 cGMP production in 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 1D NO:
87-98, and said peptide increases cGMP production 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 discase
(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,

101

3355



10

15

20

25

WO 2008/151257 PCT/US2008/065824

salivary gland cancer or skin cancer, bronchitis, tissue inflammation, organ inflammation,
respiratory inflammation, asthma, COPD comprising administcring toa paticnt in nced 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 1D 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 mcthod of claim 12, furthcr comprising administcring to said paticnt an
cffective dosc of an inhibitor of cGMP-dcpendent phosphodicstcrasc cither concurrently or
sequentially with said guanylate cyclase receptor agonist.

14. The method of claim 12, wherein said cGMP-dependent phosphodiesterase
inhibitor 1s selected from the group consisting of suldinac 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 cGMP production 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
phosphodiesterase inhibitor.

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 enhancing the intracellular production of cGMP. The agonists may be
used either alone or in combination with inhibitors of cGMP-specific phosphodiesterase to
prevent or treat inflammation, cancer and other disorders, particularly of the gastrointestinal tract

and the lung.

BACKGROUND OF THE INVENTION

Uroguanylin, guanylin and bactcrial ST pcptides arc 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
normal functioning of gut physiology. Thcrefore, any abnormality in this process could
potentially lead to gastrointestinal disorders such as 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 mucosa can be divided into
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three distinct zones based on the proliferation index of epithelial cells. One of these zones, the
prolifcrative zonce, consists of undifferentiated stem cclls responsible for providing a constant
source of new cells. The stem cells migrate upward toward the lumen to which they 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 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 mucosa is
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 dictary
habits. In addition, an enhanced proliferation 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 higher in 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 development in the colon and may constitute a
treatment of colon cancer. However, recent data also suggest that uroguanylin also binds to a
currently unknown receptor, which is 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 cancer and anti-inflammatory activities of

uroguanylin and its analogs arec mediated through binding to one or both of these receptors.

2
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Inflammatory bowel disease is a general name given to a group of disorders that cause
intestines to beccome inflamed, characterized by red and swollen tissuc. Gastrointestinal (G1)
inflammation can be a chronic condition and often leads to GI cancer (14). Examples of such
inflammatory bowel discases (IBD) include Crohn's disease and ulcerative colitis (UC). Itis
estimated that as many as 1,000,000 Americans are 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 decades of life.

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
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 colonin a
continuous manner (16). Depending on which portion of the GI tract is involved, Crohn's
disease may be referred to as ileitis, regional enteritis, colitis, etc. Crohn's disease and UC differ
from spastic colon or irritable 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 Gl mucosa may be involved in disease (17,18). The renewal
process of 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).

Necrotizing enterocolitis (NEC) is a devastating inflammatory condition of the
gastrointestinal tract that afflicts 10% of premature 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% of affected infants succumbing to the discase.
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 response that
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. Secveral of the pro- and anti-inflammatory molecules have been studied in
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detail in animal models, in humans, and ix vitro, including 1L-6, IL-8, and IL-10 as well as nitric
oxidc, oxygen free radicals, and numcerous others. Previously, we reported that SP-304
ameliorates GI inflammation in experimental models of murine colitis, 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 movement to the villus. It has become increasingly
apparent that the control of cell death is an equally, if not more, important regulator of cell
number and 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 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 progression to the
metastatic phenotype. While a primary gastrointestinal (GI) cancer is 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 bowel tissue and it 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

3378



10

15

20

25

30

WO 2009/149278 PCT/US2009/046287

inflammation, albeit low-grade, in IBS, and of symptom overlap between IBS and celiac disease,
this contention has comc undcer question. Acutc bacterial gastroenteritis 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 shown that 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 1BS.

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.

SUMMARY OF 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 enzymes present in the stimulated human
intestinal juices and human gastric 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 can be increased by
enhancing intracellular production of cGMP and/or by 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), 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 associatcd with usc of mcdications 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 discase 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 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 (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), 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.

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
sequence identification 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 amino acids from a peptide of SEQ ID
NOs: 2-8 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 respect to
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activating cGMP production. The instant peptide sequences comprise at least 12 amino acid
residucs, preferably 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 of peptide present should be sufficient to have a positive therapeutic
effect when administered to a patient (typically, between 100 g 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 one of 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) cither concurrently or
sequentially with said guanylate cyclase receptor agonist. The cGMP-PDE inhibitor 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 arc 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 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 such as those present in the stimulated
human intestinal fluid (SIF)and simulated human gastric fluid (SGF). Specifically, these
peptides contain a d-amino acid at the amino- terminus and 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 1.
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The GC-C is expressed on various cells including on gastrointestinal epithelial cells, and
on cxtra-intcstinal tissucs including kidncy, lung, pancrcas, pituitary, adrenal, devcloping liver,
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 causes an increase in intestinal epithelial
c¢GMP. This increase in cGMP causes a decrease in water and sodium absorption and an
increase in chloride and potassium ion secretion, 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:2-8 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 GCRA peptides described herein bind the guanylate cyclase C (GC-C) and stimulate
intraccllular production of cyclic guanosine monophosphate (cGMP). Optionally, thc 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., urogunanylin, 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 arc used
interchangeably throughout the specification. The GCRA peptides described herein are more
stable than naturally occurring GC-C agonists and/or SP-304. By more stable 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 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 dyspcepsia, colonic pscudo-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 , ostecoporosis 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,
eczema) . Lung Disorders include for example chronic obstructive pulmonary discase (COPD),

and fibrosis. Cancer includcs tissuc and organ carcinogenesis including mctatascs such as for
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example gastrointestinal cancer, ( e.g., gastric cancer, esophageal cancer, pancreatic cancer
colorcctal 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.
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.

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
compounds that 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 and stimulate
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 where certain 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 (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 known to facilitate administration and/or enhance uptake. Other formulations, such
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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. The first is that there is a cGMP-
dependent mechanism which regulates the balance between cellular proliferation and apoptosis
and that a reduction in cGMP levels, 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 second concept is 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 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 means of treating 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, gastroesophageal reflux discase (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 (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,
cczema) . Lung Disorders include for example COPD and fibrosis. 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
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(e.g., melanoma); oral cancer; urinary tract cancer (e.g. bladder cancer or kidney cancer); blood
canccr (e.g. mycloma or Icukcmia) or prostatc cancer. Cardiac disorders include for cxample,
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 discase),
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 any theory, it is envisioned that ion transport across the
plasma membrane may prove to be an important regulator of the balance between cell
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 shown to 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
c¢GMP. 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:2-8, 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
discase (GERD), ilcus inflammation (e.g., post-operative ilcus), gastroparesis, heartburn (high
acidity in the Gl 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
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inflammation such as kidney inflammation (e.g., nephritis), gastrointestinal system inflammation
(e.g., Crohn’s discasc 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 discase ( COPD), and fibrosis.
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 (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 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
discases (e.g., periodontal discase), 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 clectrolyte 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 peptides are
analogues uroguanylin and bacterial ST peptide. No particular length is implied by the term
“peptide”. In some embodiments, the GCRA peptide is less than 25 amino acids in length, e.g.,

less than or equal to 20, 15, 14,13, 12, 11, 10, or 5 amino acid in length.

14

3388



10

15

20

25

30

WO 2009/149278 PCT/US2009/046287

The GCRA peptides can be polymers of L-amino acids, D-amino acids, or a combination
of both. For ¢cxamplc, in various cmbodiments, the peptides arc D retro-inverso peptides. The
term “retro-inverso isomer” refers to an isomer of a linear peptide in which the direction of the
sequence is reversed and the chirality of each amino acid residue is inverted. See, e.g., Jameson
et al., Nature, 368, 744-746 (1994); Brady er 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 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 1D NO:2-8.

By inducing ¢cGMP production is meant that the GCRA peptide induces the production
of intracellular cGMP. Intracellular cGMP is measured by methods known in 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., programmed cell death or activate
the cystic fibrosis transmembrane conductance regulator (CEFTR). 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). By more stable 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 used herein, the term “AMIDE” is meant to denote that the terminal carboxylic acid is

replaced with an amide group, i.c., the terminal COOH is replaced with CONH,,

In certain embodiments, one or more amino acids of the GCRA peptides can be
replaced by a non-naturally occurring amino acid or a naturally or non-naturally occurring amino
acid analog. There are many amino acids 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-
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occurring others are not. (See, for example, Hunt, The Non-Protein Amino Acids: In Chemistry
and Biochcmistry of thc Amino Acids, Barrctt, Chapman and Hall, 1985). For cxample, an
aromatic amino acid can be replaced by 3,4-dihydroxy-L-phenylalanine, 3-iodo-L-tyrosine,
triitodothyronine, 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 amino acid
can be substituted by the D-form of the amino acid.

With regard to non-naturally occurring amino acids or 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.

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-1-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-Dchydro-Pro; 4-fluoro-Pro; or alpha-methyl-Pro or an N(alpha)-C(alpha) cyclized
amino acid analogues with the structure: n=0, I, 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-cthylalanine (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 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
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photoactivatable cross-linker; a spin-labeled amino acid; a fluorescent amino acid; an amino acid
with a novcl functional group; an amino acid that covalently or noncovalently intcracts with
another molecule; a metal binding amino acid; an amino acid 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 amino acid; 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, 13C, ISN, or 18O); 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 amino acid, e.g., a sugar substituted serine or the
like; a carbon-linked sugar-containing amino acid; a redox-active amino acid; an a-hydroxy
containing acid; an amino thio acid containing amino acid; an a, a disubstituted amino acid; a 3-
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-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-naphthyl)alanine; D- 3-(2-naphthyl)alanine
(dNal); an amino-, 1sopropyl-, or O-allyl-containing phenylalanine analogue; a dopa, 0-methyl-
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); e- 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 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-
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naturally occurring amino acid include for example SP-368 and SP-369.
In som¢ ecmbodiments, 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 known in 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)s 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 (Kolodzigj et al. 1996 Int J Pept Protein Res 48:274); B, p dimethyleysteine
(Hunt et 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)NHCH 2- or -CH2NHCH(O)CH 2-), an ester linkage,
a thioester linkage, a lactam bridge , a carbamoyl linkage, a urea linkage, a thiourca linkage, a
phosphonate ester linkage, an alkyl linkage (-CH2CH2CH2CH2-), an alkenyl linkage(-CH
2CH=CHCH 2-), an ether linkage (-CH2CH2OCH2- or -CH20OCH2CH2-), a thioether linkage (-
CH2CH2SCH2- or - CH2SCH2CH2-), an amine linkage (-CH2CH2NHCH2- or -CH2NHCH
2CH2-) or a thioamide linkage (-CH2CH(S)HNHCH 2- or -CH2NHCH(S)CH 2-). For example,
Ledu et al. (Proc Nat'l Acad. Sci. 100:11263-78, 2003) describe methods for preparing lactam
and amidc cross-links. Excmplary 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
cxample, replacement of the polypeptide bond between a residuc 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 may increase half-life in the digestive tract. Bonds that can replace polypeptide bonds
include: a rctro-inverso bond (C(O)-NH instcad of NH-C(O); a reduccd amidc bond (NH-CH2);
a thiomethylene bond (S-CH2 or CH2-S); an oxomethylene bond (0-CH 2 or CH2-O); an
cthylene bond (CH2-CHZ2); a thioamide bond (C(S)-NH); a trans-olefine bond (CH=CH); a
fivoro 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-1,3-Diazole), p-
nitro-anilide, rhodamine B, EDANS (5-((2-aminoethyl)amino)naphthalene-1- 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 is described in US20060 19347 section 1X.

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
intcnded to mcan that the compositions of the present invention arc capable of decmonstrating

some or 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 and or 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 amino acid 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 (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,
valing, lcucing, isolcucing, proline, phenylalanine, mcthioning, tryptophan), beta-branched side
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 residue from the same side chain family. Alternatively, in
another embodiment, mutations can be introduced randomly along all 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 may be 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

includc dominant ncgative 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 through the direct
condensation of the amino group of one amino acid with the carboxy group of the 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 group of the first
and of the carboxyl group of the sccond amino acid. The masking substituents must permit their

ready removal, without inducing breakdown of the labile peptide molecule.

In 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 and side chain protecting groups and activation method. In addition,
careful segment selection 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-phasc peptide synthesis may gencrally be performed according to the method of Merrificld
etal., 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 Fmoc strategy, which are well known in the art.

Thosc of ordinary skill in the art will reccognize that, in solid phasc 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.

Acctylation of thc N-tcrminal can be accomplished by rcacting 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
cxample, the GCRA peptides arc 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 scquence 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, pPGEM3Z 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 nuclcic acid molccule, clements that allow cxpression, 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 scquencces arc well known to thosc in the art. The
expression vector can also include a 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 autonomous replication 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 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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where affinity tags are utilized, DNA sequence encoding a protease recognition site will be fused

between the reading frames for the affinity tag and the polypeptide of intcrest.

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 known to 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,

pcgylation. Such modifications also fall within the scopc of the term "variant™ as uscd herein.
THERAPEUTIC METHODS

The present invention provides for both prophylactic and therapeutic methods of treating
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, irritablc bowel syndrome (IBS),
necrotizing enterocolitis (NEC), non-ulcer dyspepsia, chronic intestinal pscudo-obstruction,
functional dyspepsia, colonic pseudo-obstruction, duodenogastric reflux, gastroecsophageal 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 (e.g., nephritis), gastrointestinal system inflammation (e.g., Crohn’s discase
and ulcerative colitis); pancreatic inflammation (e.g., pancreatis), lung inflammation (e.g.,
bronchitis or asthma) or skin inflammation (e.g., psoriasis, cczcma) . Lung Disordcrs includc
for example chronic obstructive pulmonary discase ( COPD), and fibrosis. 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
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cancer (e.g., melanoma); oral cancer; urinary tract cancer (e.g. bladder cancer or kidney cancer);
blood canccr (e.g. mycloma or lcukemia) or prostatc 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), 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.

The term “treatment” refers to reducing or alleviating symptoms in a subject, preventing
symptoms from worsening or progressing, and/or preventing disease in a subject who is 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 disecase
occurrence, reduction in the number or severity of symptoms, or a combination thereof. The
cffect may be shown in a controlled study using one or more statistically 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, caccum 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 cGMP production compared to 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 amount sufficient 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, e.g., a
mammal such as a human in need thercof, a therapeutically effective dose of a GCRA peptide.

The GCRA peptides may be in a pharmaceutical composition in unit dose form, together with
24
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one or more pharmaceutically acceptable excipients. The term “unit dose form” refers to a single
drug dclivery entity, e.g., a tablct, capsulc, 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 upon the particular condition being treated and will include any significant improvement
in a condition readily recognized by one of skill 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 (NSALDS), 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 simultancously,
they need not be. For example, administration of a 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 cases it 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 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,
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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, ctc.

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, Cimzia 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 another is
administered locally. In cach casc, the agents can cither simultancously or scquentially.
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 WO01/76632 (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 nonaqucous tcchniqucs.

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 rcctal administration. Solutions or suspcnsions uscd for parcnteral,
intradermal, or subcutancous 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 dextrosc. 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 or plastic.

Pharmaceutical compositions suitable for injectable use include sterile aqueous solutions
(where water soluble) or dispersions and sterile powders for the extemporaneous preparation of
sterile injectable solutions or dispersion. For intravenous administration, suitable carriers
includc physiological salinc, bactcriostatic watcr, 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
containing, for example, water, ethanol, polyol (for example, glycerol, propylene glycol, and
liquid polyethylene glycol, and the like), and suitable mixtures thereof. The proper fluidity 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 by the use of surfactants. Prevention of the
action of microorganisms can be¢ achicved by various antibactcrial 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 amount in 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 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 of sterile injectable solutions, methods of
preparation are vacuum drying and freeze-drying that yields a powder of the active ingredient

plus any additional desired ingredicnt from a previously sterile-filtered solution thercof.
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Oral compositions generally include an inert diluent or an edible carrier. Such as
mannitol, fructooligosaccharidcs, polycthylenc glycol and other cxcepicents. 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 compound in the fluid carrier is applied orally and swished and
expectorated or swallowed. Pharmaceutically compatible binding agents, and/or adjuvant
materials can be included as part of the composition. The tablets, pills, capsules, troches and the
like can contain any of the following ingredients, or compounds of 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 compounds are 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.

Systcmic administration can also be by transmucosal or transdcrmal mcans. For
transmucosal or transdermal administration, penetrants appropriate to the barrier to be permeated
ar¢ 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 the art.

The compounds can also be prepared in the form of suppositories (e.g., with conventional

suppository bases such as cocoa butter and other glycerides) or retention enemas for rectal delivery.

In one embodiment, the active compounds are prepared with carriers that will protect the
compound against 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 formulations will
bc apparcnt to thosc 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 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

charactcristics of the active compound and the particular therapeutic cffect to be achicved.

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 cxamplc 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
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synthetic gums such as acacia, xanthan, sodium alginate, alginic acid, other alginates, powdered
tragacanth, guar gum, ccllulosc and its dcrivatives (e.g., cthyl ccllulose, ccllulosc acctate,
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, 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.g.,
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 acrosol 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, 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, cthylcellulose, gelatin, pharmaceutical glaze,
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hydroxypropyl cellulose, hydroxypropyl methylcellulose (hypromellose), hydroxypropyl methyl
ccllulose phthalate, methylccllulose, polycthylenc glycol, polyvinyl acctate phthalatc, shellac,
sucrose, titanium dioxide, carnauba wax, microcrystalline wax, gellan gum, maltodextrin,
methacrylates, microcrystalline cellulose and carrageenan or mixtures thereof.

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 and lotions (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 scbacate, 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 and lactose, 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 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 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, sodium citrate,
sodium phosphatc, strawbcrry flavor, synthctic black iron oxidc, synthctic red iron oxidc,

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 cither 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(I)LGT) (WO
01/12233), polyglycolic acid (U.S. 3,773,919), polylactic acid (U.S. 4,767,628), poly( ¢-
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
sustaincd rclcasc formulations and polymers for usc in arc 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.8. 5,192,741, U.S. 4,668,506, U.S. 4,713,244, 1.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) or triacetin. 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,

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 W0O04041195 (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 W09001329. US4910021 describes using a pH-
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sensitive material to coat a capsule. W(0Q9001329 describes using pH-sensitive coatings on beads
containing acid, where the acid in the bead core prolongs dissolution of the pH-scnsitive 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
pelymer 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 and by disintegration at pH levels of nominally about 5.0 or higher.

‘T'he GCRA peptideds described herein may be formulated in the pH triggered targeted
control release systems described in W0O04052339. The agents described herein may be
formulated according to the methodology described in any of W0O03105812 (extruded
hyrdratable polymers); W00243767 (enzyme cleavable membrane translocators); WO03007913
and WO03086297 (mucoadhesive systems); W0O02072075 (bilayer laminated formulation
comprising pH lowering agent and absorption enhancer); W004064769 (amidated polypeptides);
WO05063156 (solid lipid suspension with pseudotropic and/or thixotropic properties upon
melting); W0O03035029 and W0O03035041 (erodible, gastric retentive dosage forms);
US5007790 and US5972389 (sustained release dosage forms); WO041 1271 1 (oral extended
release compositions); WO05027878, W002072033, and W0O02072034 (delayed release
compositions with natural or synthetic gum); W0O05030182 (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). JP10324642 (delivery system comprising chitosan and gastric resistant material
such as wheat gliadin 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 cascin and high
methoxy pectiny WO0174 175 (Maillard reaction product); W0O05063206 (solubility increasing
formulation); WOO040 19872 (transferring fusion proteins).

O8]
W
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The GCRA peptides described herein may be formulated using gastrointestinal retention
system tcchnology (GIRES; Mcrrion Pharmaccuticals). GIRES compriscs a controlled-relcasc
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. I'he
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 surrounded at least in part by a semi-permeable membrane. The beneficial
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 means is attached
to the semi-permeable membrane (e.g.,joins two capsule halves). The trigger means is activated
by a pH of from 3 to 9 and triggers 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 compound or 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, SHT receptor antagonists (for example SHT3, SHT4 and SHTI receptor antagonists),
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opioid receptor agonists (loperamide, fedotozine, and fentanyl), NKI receptor antagonists, CCK
rceeptor agonists (e.g., loxiglumide), NKI reecptor antagonists, NK3 rceeptor antagonists,
norepinephrine-serotonin reuptake inhibitors (NSRI), vanilloid and cannabanoid receptor
agonists, and sialorphin. Analgesics agents in the various classes are described in the literature.

Among the 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, 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
arc 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 (HOES&25; Tyr-D-Lys-Gly-Phe-L-
homoserine) is an agonist of the mu and delta 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 WQOO05/007626 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-
cnkcphalins to clicit an analgcesic cffect (J. Biol. Chem 262:8165, 1987). Kyotorphin can bc uscd
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.

CCK receptor 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, NMDA receptors 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 BIMU 8§, 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 B1, 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.

NKI receptor 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 Al, 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 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 herein (simultancously 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 (if it is at the
carboxy terminus) or followed by (if it is at the amino terminus) a trypsin cleavage site 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 Gastrointesitngd Disorders

Examples of additional therapentic agents to freat gastrointestinal and other disorders
include agents o treat constipation {2.g., a chlonide channel aclivator such as the hicvlio fatty
acid. Labiprostone {formerly known as SPI-0211; Sucanpo Pharmacenticals, Ine.: Bethesds,
M}, alaxative {e.g 2 bulk-formiog laxative ez, nonstarch polysaccharides, Colonel Tablet
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{polvearbophil calciamy, Plantage Ovata®, Egualactin® (Calcium Polvearbophihy), fiber {e.g.
FIBERCON® {Calerum Polyearbophull, an osmotic laxative, a stmuolant laxative (such as
diphenvimethanes {e.g. bisacodyly, anthraguinones {e.g. cascara, senna), and surfactant laxatives
{o.z. castor oil, docusates), an emollient/lubricating agent (such as mineral oil, glycerine, and
docusaies}, Miralax {Braimree Laboratorics, Braintree MA), dexloxighimnide (Forest
Laboratories, also known as CR 2017 Rotapharn {Rotta Research Laboratoriam SpAY), saline
laxatives, enemas, suppositories, and CR 370 (Rottapharm {Rotta Research Laboratorium SpAY;
acid reducing agents such as proton pump inhibitors {e.g., omeprazole (Prilosec®), esomeprazole
{Nextam®), tansopravole (Prevacid®), pantoprarole (Protonix®) and rabeprazole (Aciphex®))
and Histamine H2 -reeeptor antagonist (also known as H2 receptor blockers including
cimetidine, ranitidine, famotidine and mizatidine}; prokinetic agenls including itopride,

ootreotide, bethanechol, metoclopramide {Reglan®), domperidone Motilium®), ervihromyvein
{and derivatives thereof) or cisapride {(propulsid®); Prokineticin polvpeptides homologs, variants
and chimeras thereof inciuding those described in U8 7,052,674 which can be used with or
tinked to the polypeptides described herein; pro-motility agents such as the vasostatin-derived
polvpeptide, chromogranin A {4-16} {See, e.g., Ghia ot al. 2004 Regulatory polypeptides 121:31)
or motilin agonists {e g, OM-611 or mitemcinal fumarate} or nociceptin/Orphanin FQ receptor
modulators (USZO050169917%; other poptides which can bind to and/or activate GC-C including
those described 1 USZ0050287067,; complote or partial 3HT {eg. SHTL SHTZ, 3HTSE, 8HT4Y)
recoptor agonists or antagonists {including SHT 1A antagonists {e.2. AGLI-OUL(AGE
therapeutics), SHTZE antagonists {e.g. PGN 1091 and PGNI 164 (Phanmagene Laboratories
Limitied), and SHTY receptor agonists (such as tegascerod (ZELNORM®), prucalopride,
mosapride, metoclopramide, racopride, cisapride, renzapride, benzimidazolone derivatives such
as BIMIE 1 and BIMU & and lirexapride}. Such agontsts/modnlators are described in
EP1321142 AL WO 03/053432A1, BP 305322 Al BEP 505322 81, US 5,510,353, EP 5307672 Al
EP 507672 B, USRS 5,273,983, and UR 6,851 K673 3HT3 receptor agonists such as MEC-733;
and SHT3 receptor aﬁ‘tagonists such as DDP-225 (MCE225; Dynogen Pharmaceuticals, fnc.y,
ctlanseiron {Calmactin®}, alosetron {Lotronex®), Ondansetron HC! Fofran®), Dolasetron
{ANZEMET®Y, palonosciron {Aloxi®), Granisetron (K yirll®), Y MOsU ramosetron; Astclas
FPharms Foc.; raroosetron may be given as a daily dose of 0.002 1o 0.02 myg as desoribed i

EPOLSRR7OTY and ATI-7000 (Aryx Therapeutios, Santa Clara CA) muscarinic receplor agonisis;
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amti-inflammatory agents; antispasmodics meluding bat not limeted 1o anticholinergie drugs (ke
dicyeloming (e.g, Colimex®, Formuler®, Lominc®, Protvlol®, Viscoral®, Spasmoban®,

Bentyl®, Bentyiol®), hvoscyarnine {e.g. IB-Sat®, Mulev®, Levsin®, Levhid® | Fevamnex

Timecaps®, Levain/SLE, Ansspaz®, A-Spas S/LE, Cyatospazr®, Cystospaz-ME, Donnamar®,

Colidrops Liquid Pediatric®, Gastrosed®, Hyco Hixir®, Hyosol®, Hyospaz®, Hyosyne®,

4

Losamine®, Medispaz®, Meosol®, Spacol®, Spasdel®, Syrnax®

, Symax SLEY, Donuatal (e.g.
Dionmatal Extentabs®), clidintum {e.g. Quarzan, in combination with Librium = Librax},
methantheline (e g Banthine), Mepenzolate (e Cantil), homatropine {e.¢. hyoodan, Homapin},
Propanthehine bromide {e.g. Pro-Banthine}, Glyeopyrrolate (e.g. Robinul®, Robingl Forte®@),
scopolamine {2.g Transderm-Scop®, Transderm-V®}, hvosine-MN-butvibronde {e. g
Huscopan®}, Pirenzepine {e.g. Gastrozepin®} Propantheline Bromide {e. g Propanthel®},
dicyeloverine {e.g. Merbentvi®), glveopvrronium bromide (e g Glveopyvirolate®), hyoscine
hvdrobromide, hyoscing methobromide, methanthelinium. and octatroping); peppermint oil; and
direct smooth muscle relaxants like cimetropinm bromide, mebeverine {(DUSPATALE,
BUSPATALING, COLOFALC MER®, COLOTALR), otilonium bromide {octilonimm},
pinaverium {2.g. Dicotel® {pinaveriom bromide; Solvay 8. ALY, Spasfon® {hydrated
phicregiucine! and trimethyiphloroglucineland trimebutine (including trimyebutine maleate
(Modulon®}; antideprossants, including but not limited to those Hsted herein, as wel as tricyclic
antidepressants ke amuriptyviine (Elavil®}, desipramine (Norpramin®), mipraming

{Toframul®), amoxapine {Asendin®}, nortniptyling; the selective serotonin reuptake mhibitors

{5SRTs) ke paroxetineg (Paxil®), fluoxetine {Prozac®), seriraline {Xoloft®}, and citralopram
{Celexa®); and others ke doxepin (Sincquan®) and trazodone {(Desyrel®); contrally-acting
analgesic agents such as opioid receptor agonists, opioid recepior antagonists {e.2., nalirexone);
agents for the treatment of Inflammatory bowel disease; agents for the freatment of Crohn's
disease and/or ulcerative colitis {e.g., alequel (Erzo Biochem, Inc,; Farmingsale, NY), the anii-
inflammatory polypeptide RDPSR (Goeneyme, Ine; Candiridge, MAY, and TRAFICET-ENT™
{ChemoCeniryx, Inc.; San Carlos, CAY; agenis that treat gastrointesiinal or visceral pain; agents
that increase cGMP levels {as desertbed in US28040121994) hike adrenergic recopior
antagonists, dopanung rocepior agorusts and PR (phosphodiesiorase) inbibitors inchuding bt
not lunited to those disclosed heren; purgatives that draw fluids o the intestine (e.g
VISICOL®, a combination of sodivm phosphate monobasic monobydraie and sodium phasphate
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dihasic anhydrate); Corticotronin Releasing Factor (CRF) recoptor aniagonists {mcluding NBI-
34041 {Neurooring Bioscignees, San Dhiege, CA)Y, CRHS-41, astressin, R121919 (Janssen
Pharmaceutica}l, {P154.526, NBE-27914, Antalarmin, DMP6936 (BristobMyers Saquibb) OP-
316,311 {(Phzer, Inc.}, SBY23620 (GRK), GWIETHHOR (MNewroerine/CGlaxoe Smith Kline}, ONG-
Z3330Ms (Onoe Pharmaceuticals), TS-041 (Janssen), AAGH6T (MNovartis) and those disclosed in
US 5,063,245, 178 5,861,39%, US20040224964, LIR200401 98726, USZOM401 76400,

VIR200401 71607, USZOG4A0L GRS, USZ0040006066, and US200302092353); ghicagon- like
polypeptides (glp-1) and analogues thereof (ocluding exendin-4 and GTR-010 (Gastrotech
Pharma A} and inhibitors of DPP-IV {(DPP-IV mediates the inactivation of gip-1}; tofisopam,
enantiomerically-pure R-tofisopam, and pharmaceutically-acceptable salts thereof (US
ZO0A02295867); tricyelic anti-depressants of the dibenzothiazepine type inchuding but not limited
to Dextofizopam® {Vela Pharmaceuticals). tlaneptine (Stablon®) and other agents described in
LIS 6,683,072, {E3-4 (1 3bis{ovelohexyimethviy-1 2,34 ~tetrahvdro-2,6-diong-9H-purin-&-
vijinnamic acid nonacthviene glycol methyl ether estor and related compounds described in WO
02/667942; the probiotic PROBACTRIN® {(The BioBalance Corporation; New York, NY}
which contains microorganisms usefil in the treatment of gastrointestinal disorders; antidiarrheal
drugs including but not limited o loperamide (Imodium, Pepto Diarrhea), diphenoxylate with
atropine {Lomotil, Lomoeot), cholestyramine ((Questran, Chalvhar), atropine {Co-Phenotrope,
Diarsed, Diphenoxylate, Lotene, Logen, Lonox, YVi-Atro, atropine sulfate injection} and
Xifaxan® {rifaxinun; Salix Pharmaceuticals Lid), T2¥-20 H{ Tranzyme Pharme Inc.}, the
neuronal acetyicholine recoptor (nACHR) blocker AGI-004 {AGT therapeuties), and bismuth
subssalicylate (Pepto-bismoly; anxiolyviic drugs including but not limited toAtivan {Iorazcpam),
alprazolam (Xanax®), chiordiarepoxide/clidinium (Librium®, Librax®), clonazepam
{Klonopin®}, clorazepate (Tranyenc®), diazepam {Valinm®), estazolam (FroSom®),
furazepam {Dalmane®), oxazepam {Serax®), prazepam {(Contrax®), temazopam (Restorii®},
triazolam (Halcion®,; Bedelix® (Montmorilonite beidellitic; Ipsen Lad), Solvay 81LV332
{Ar(ulc Ine), YKP (5K Pharmal, Asimadeline {Tioga PharmaceuticalsMerck), AGE003 (AGT
Therapoutics); neurokingn antagonisis inchoding those deseribed in USZBO6H040950; polassium
channel modulators inclading those described 1o US7,002.,01 5; the serotonin modulator
AZEYTA71 (AstraZencca Pleoy; M3 muscarinic recopior antagonists such as danfonacin (Enablex;

Movartis AG and zamifonacio (Pfizer), herbal and natural therapies inchuding but not luwndted o
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acidophilus, chamomile tea, evening primrose oil, fonnel seeds wormwood, comirey, and
compounds of Bao-}i-Wan {magnolol, honokiol, imporatoring, and 1sounporatoring as in
LIS6823992: and compositions comprising lysine and an anti-stress agent for the treatment of

irritable bowel syndrome as deseribed in EPQC 1530443,

Insulin and Insulin Modulating Agents

The GURA peptides deseribed heretn can be used tn combination therapy with insulin
avd related compounds inclnding primate, rodent, or rabbit insulin including biologically active
variants thereof incloding allelic variants, more preferably human wsubin avaiiable in
recombinant form. Sowrces of uman insulin include pharmaceutically accepiable and sierile
formvalations such as those available from Eb Lilly (Indisnapolis, Ind. 46285} a3 Humulin!™
{human insubin rDNA origin). See, the THE PHYSICIAN'S DESK REFERENCE, 55 supnth Ed.
{2001 Medical Economics, Thomson Healtheare (disclosing other suitable buman insulins}.

The GURA peptides described herein can also be used in combination therapy with
agents that can boost insulin ¢ffects or lovels of 2 subject upon administration, 2.g. glipizide

and/or rosighitazong. The pol‘u peptides and agonistsdescribed herein can be used in

combitherapy with SYMLING: {(pramlintide acetate) and Exenatide® (synthetic exendin-4; a 39

aa polyvpoptide).

Agents jor the Freatment of Postoperative Heus

The GCRA peptides described herein can also be used in combination therapy with
agonts (2.2, Entereg™™ (alvimopan; formerky cailod ado loy’ AL &-2698), conivapian and
related agents describe in US 6,645,350 used for the treatment of postoperative ilous and ather

dizsorders.

Anii-Hypertensive Agenis

The GCR A peptides desertbed herein can be used in combination thorapy with an anti-
hypertensive agent mchuding bot not limdted to: (1) divretics, such as thiazides, including
chiorthahdone, chlorthiazide, dichlorophenamide, hydroflumethiazide, indapamide, polythiazide,
and hydrochlorothiazide; loop diuretics, such ag bumetanide, ethacryrde acid, firosemde, and
forsemide; potassiurm sparing agenis, such as amuloride, and frismicreng; carbonic anhvdrase
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mhibitors, osmeites{such as glveerind and aldosierone antagonists, such as spironolactone,
cprrenone, and the bke; (2} beta-adronergie blockors such s acehutolol, atonolol, betaxolod,
bevantolel, bisoprolol, bopindolol, carteolol, carvedilol, celiprolol, eamolol indenoclol,

metaprolol, nadelol, nebivolol, penbulelol, pindolel, propanclol, sotalel, tertatolol, tilisolol, and

tirnolol, and the ike; 3y calehin channel blockers euch a8 amlodipine, aranidiping, azelnidipine,

barndipine, benidipine, bepridil, cinvaldipine, clevidiping, dilttazem, efonidipine, feledipineg,

gailopamil, isradipine, lacidipine, lemildipine, lercanidipine, nicardipine, nifedipine, nilvadipine,

nimodepine, misoldipine, nivendipine, manidiping, pranidipine, and verapamil, and the hke; {4}
angiotensin converting enyyme {ACE) inhibitors such as benazepnd; captopril; ceranapril;
cilazapril; delapnil; enalapril, enaloprily fosinopril; umidapril; Bsinopnal; losinopril; moexipril;
gquinapril; quinapriiat; ramipril; peorindoprily perindropnl; guanipril; spivapril; tenocapril;
trancdolapril, and zofenopril, and the like; {3) neutral endopeptidase inhibitors such as
omapatrilat, cadoxatrit and ccadotrtl, fosidotril, sampatriiat, AVETOEE, FR4038, and the Hke, {6
endothelin antagonisis such as tezosentan, ARE16S, and YME2ZR99, and the Hke, (7)

vasodilators such as hvdralazine, clonidine, minoxidil, and nicotiny! alcohol, and the like; (&)

angiotensin I receptor antagonists such as aprosartan, candesarian, eprosartan, irbesartan,
{osartan, slmesartan, pratosartan, {asosartan, telmisartan, valsartan, and EXP-3137 FIGR2EK,
and RINHG2TG, and the like; {93 o/ff adronergic blockers sueh as nipradiiol, arptinolal and
amosulalol, and the ke (10} alpha | blockers, such as terazosin, urapdil, prazosin, tamsulosin,
bunazosin, irimazosin, doxazosin, naftopidil, indoramin, WHEF 164, and SENOIO, and the like;
{11} alpha 2 agonists such as lnfexidine, tiamenidine, moxoniding, rilmenidine and guancbenz,
anid the Hke; (12} aldostorone inhibitors, and the like; and {1 3) angiopoictin-2 -binding agents
such as those disclosed in WON3/030833, Specific anti-hypertonsive agents that can be usad in
combination with polypeptides and agonists desceribed herein include, but are not limited 1o
diurctics, such as thiszides {e.g., chiorthalidone, cyclothiazide (CAS RN 2259-96-3)3,
chlorothiazide (CAS RN 72956-00-3, which moay be propared as disclosed tn US2EGS184),
dichlorophenamide, hydroHumethiazide, imdapamide, polythiazide, hendroflumethazide,
methyelothazide, polythiazide, trichlormethazide, chilorthalidone, indapamide, metolazone,
quincthazone, althiamde (CAS RN 3588-16-9, which may be prepared as disclosed in British
Patent Mo, 202.658), benzthiaride {CAS RN 91-33-%8, which may be prepared as disclosed in

US3108097), buthdazide (which may be prepared as disclosed in British Patont Mog, 861 367,
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and hvdrochlorothiazide), loop diuretics {e. g bumetanide, ethacrynic acid, furosemide, and
torascmide), potassium sparing agoots {e.g amilorude, and riamicrene (CAS Number 396-41-
133, and aldosterone antagonista (e g, spironclacione {CAS Number 52-81-7), epirenone, and the
Like); Bradrenergie blockers such as Amiodarone (Cordaroue, Pacerone), bunolol hydrochloride
{CAR BN 31969-05-8, Parke-Davis}, acebutolo] (BN-[3-Acetyvi-4-[2-hvdroxy-3-[{
methylethvhaminolpropoxyiphenvii-butanamide, or (233~ Acetyl-4-2-hydroxy -3-
{isopropyiamino} propoxy] butyranilide}, acebutolol hvdrochloride (g Sectral®, Wyeth-
Averst), alprenolol hydrochloride ({CAS RN 13707-88-5 see Netherlands Patent Application No.
6,605,692, atenolol {e.g. Tenormin®, AstraZencca), carteolol hydrochloride {eg Cartrol®
Filmitab®, Abbott), Celiprolol hydrochloride {TAS RN 57470-TR-7, also see i US4034009),
cetamolo! hydrochloride (AN RN 77580-85-5, see alse US4459622}, labetalol hyvdrochloride
{e.g. Normodyne®, Schering). esmolol hvdrochioride (e g Brovibloo®, Baxter), levobeotazoiod
hvdrochloride {e.g. Betaxon™ Ophthalmic Suspension, Alcon}, levobunolo! hydrochloride {e. g
Botagan® Liquifilm® with C CAP® Compliance Cap, Allergan}, nadole! {a.g. Nadolol, Mylan),
practofol (CAS RN 6673-35-4, see also US3408387), propranciol hydrochioride (CAS RN 318-
958-91, sotalol hydrochloride (e.g. Batapace AF™ Berlex), timolol {2-PropanoL-{{LE
dirmethylethy Damino |-3-{ [4-4(d-morpholinyl 31,2 S-thiadiarol-3-vijoxyi-, hemihydrate, (8-,
CAS RN 91524-16-2), timaiol maleate (S -[(1,1 ~dimethylethyly aming}-3-{{4- {4~
morpholinyi-1.2 S-thiadiazal -3- vi} oxy - 2-propanci (Z3-2-butencdioate {1 11} salt, CAS RN
26921-17-5), bisoprolol {2-Propanol, [ 4-{{Z2-{I-methyicthoxyethoxy -methyljphenoxyi}-3-i(l-
meth- viethyDanuno}-, {3, CAS RN 66722-44-9), bisoprolel fumarate {such as (&3-1-{4-[[2-{1-
rethylethoxy) cthoxyimethyliphenoxy(-3-[{i-methylethyvhiamino-2-propranol (H) -2-
tutenedicate (2:13 {salt), e.g., Zebeta™ L ederle Consurner), nebivalo! (QH-1-Benzopyran-2-
methanol, ard-[iminobis{methviene)bisi6-tlunro-3 4-dibydro-, CAS RN 99200-09-6 sce also
LS. Par No, 4,654 362, cicloprolol hydrochloride, such 2-Propanel, -{4-[2-
{evelopropyimethowy jethoxy phenoxy 13- [methylethyDamino -, bydrochloride, A A8 RN
63684-75-3}, dexpropranclol hydrochionde (2-Propanoll-[I-methyicthyi-amino}-3-(1-
naphthalenyloyyi-hvdrochlonde (CAS RN 13671-11-9), diacetolol hydrochloride {Acctamide,
M- 3 -acetyi-4-U2-hydroxy-3-{tmothy ethyDaminoipropoxy ] iphenyll-, monchydrochloride
CAS BN 69790-04-9), dilevalol hvdrochloride (Benzamide, 2-hvdrory-3-[1-hydroxy-2-11-
methyi-3-phenyipropyhiaminojethyvl}-, monohydrochloride, CAS RN 756539-08-4), eraprolo!
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