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are inhibitors of neprilysin are useful analgesic agents which can be administered with
the GCC agonists described herein or covalently linked to a GCC agonist to form a
therapeutic conjugate. Sialorphin and related polypeptides are described in U.S. Patent
6,589,750; U.S. 20030078200 Al; and WO 02/051435 A2.

[197] In another embodiment, a GCC agonist formulation of the invention is
administered as part of a regimen of combination therapy with an opioid receptor
antagonist or agonist. In one embodiment, the GCC agonist and the opioid receptor
antagonist or agonist are linked via a covalent bond. Non-limiting examples of opioid
receptor antagonists include naloxone, naltrexone, methyl nalozone, nalmefene,
cypridime, beta funaltrekamine, naloxonazine, naltrindole, nor-binaltorphimine,
enkephalin pentapeptide (HOE825; Tyr-D-Lys-Gly-Phe-L-homoserine; SEQ ID
NO:258), trimebutine, vasoactive intestinal polypeptide, gastrin, glucagons. Non-
limiting examples of opioid receptor agonists include fedotozine, asimadoline, and
két‘ocyc]azocine the compounds described in W003/097051 and WO05/007626,
morphine, diphenyloxylate, frakefamide (H-Tyr-D-Ala-Phe(F)-Phe-NH 2 SEQID
NO:259; WO 01/019849 Al), and loperamide.

[198] Further non-limiting examples of analgesic agents that can be used in a
regimen of combination therapy along with the GCC agonist formulations of the
invention include the dlpeptlde Tyr—Arg (kyotorphm) the chromogranm—denved
Apolypeptlde (CgA 47~66 See, e.g., .Ghla et al. 2004 Regulatory polypeptides 119:199);
CCK receptor agomsts such as caerulein; conotoxin polypeptides; peptide analogs of
thymulm (FR Application 2830451); CCK (CCKa or CCKb) receptor antagonists,
including loxiglumide and dexloxiglumide (the R- isomer of loxiglumide) (WO
88/05774); 5-HT4 agonists such as tegaserod (Zelnorm®), mosapride, metoclopramide,
zacopride, cisapride, renzapride, benzimidazolone derivatives such as BIMU 1 and
BIMU 8, and lirexapride; 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,
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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; NK-I, 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,
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and related compounds described in, for example, EP 873753 Al, US 20010006972 Al, US
20030109417 Al, WO 01/52844 Al (for a review see Giardina et al. 2003.Drugs 6:758); 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); 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); norepinephrine-serotonin reuptake inhibitors
(NSRI) such as milnacipran and related compounds described in WO 03/077897; and vanilloid
receptor antagonists such as arvanil and related compouds described in WO 01/64212 Al.

[199] In addition to sialorphin-related polypeptides, analgesic polypeptides include:
AspPhe, endomorphin-1, endomorphin-2, nocistatin, dalargin, lupron, ziconotide, and substance

P.

EXAMPLES

Example 1: Synthesis and Purification of GCC Agonist Peptides

[200] The GCC agonist peptides were synthesized using standard methods for solid-
phase peptide synthesis. Either a Boc/Bzl or Fmoc/tBu protecting group strategy was seleceted
depending upon the scale of the peptide to be produced. In the case of smaller quantities, it is
possible to get the desired product using an Fmoc/tBu protocol, but for larger quantitics (1 g or

more), Boc/Bzl is superior.

[201] In each case the GCC agonist 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-Merrificld, Boc-dLeu-Pam-Resin (Bachem Product D-1230 and D-1590, respectively)

(SP-332 and rclated analogs). For peptides producced as C-terminal amidcs, a resin with Ramage
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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

[202] 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 cach amino acid was with HBTU/DIEA in a 4 fold cxcess 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 group strategy yields the correct topoisomer as the dominant product (75:25).
(For enterotoxin analogs, a third disulfide bond protecting group (Mob) was utilized).

[203] 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 Acea 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 Aeea, the Cys residue numbering will be increased by three Cys4 becomes Cys7,
Cys12 becomes Cysl5; Cys7 becomes Cys10 and Cys 15 becomes Cys18. The latter pair is
protected with Acm and the former pair keeps the Trt groups.

[204] 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 stratcgics, 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(Bzl)-OH, Bo¢c-dGlu(Chx)-OH
and Boc-dGlu(Bzl)-OH would be utilized.

[205] 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.
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[206] 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 1odine to simultaneously

remove the Acm protecting groups and introduce the second disulfide bond.

[207] For cntecrotoxin analogs, the Mob group was removed via trecatment of the dicyclic

product with TFA 85% containing 10% DMSO and 5% thioanisole for 2 hr at RT.

[208] Each product was then purified by RP-HPLC using a combination buffer system
of TEAP in H20 versus MeCN, followed by TFA in H20 versus MeCN. Highly pure fractions
were combined and lyophilized. The final product was converted to an Acetate salt using either
ion exchange with Acetate loaded Dow-Ex resin or using RP-HPLC using a base-wash step with

NH4OAc followed by 1% AcOH in water versus MeCN.

[209] It is also possible to prepare enterotoxin analogs using a random oxidation
methodology using Cys(Trt) in Fmoc or Cys(MeB) in Boc. Following cleavage, the disulfide
bonds can be formed using disulfide interchange redox pairs such as glutathione (red/ox) and/or
cysteine/cystine. This process will yield a folded product that the disulfide pairs must be

determined as there would be no way of knowing their position directly.
Boc-Bzl Process

[210] Peptide synthesis is initiated on a Merrifield or Pam pre-loaded resin or with
mBHA for peptides produced as C-terminal amides. Each synthetic cycle consists of a
deprotection step with 50% TFA in MeCL2. The resin is washed repetitively with MeCI2 and
MeOH. The TFA salt formed is neutralized with a base wash of 10% TEA in MeCI2. The resin is
washed with MeCl12 and MeOH and lastly with DMF prior to coupling steps. A colorimetric test
is 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
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resin is then washed with DMF, MeCl2 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.

[211] 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 Frnoc-

produced product.

Example 2: In vitro Biological and Chemical Stability of SP-304 after Incubation in
Simulated Gastric Fluid (SGF)

[212] The stability of SP-304 in the presence of simulated gastric fluid (SGF) was
determined by biological activity measurements and HPI.C analyses (Figs. 1A & 1B). 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
the pH was adjusted to 2.0 = 0.1 using HCI or NaOH as necessary. After the pH adjustment,
SGF is filter sterilized with 0.22 um 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.

[213] Figure 1 A shows 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
resistant to breakdown in SGF for incubations lasting as long as two hours. In addition, the data

also suggcst that the activity of SP-304 is unaltered by cxposurc to the acidic pH of the SGF.

[214] The HPLC chromatograms of samples of SP-304 incubated in SGF for 0 and 120

min are¢ shown in Fig. 1B. Here, aliquots of the two samples were analyzed by HPLC using a
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previously developed method for analyzing SP-304 peptide. Samples from the SGF incubations
were diluted to give a final concentration 0.17 mg/mL of SP-304. The major peak of SP-304 did
not change following incubation with SGF, indicating that the peptide was resistant to SGF

treatment.

Example 3: In vitro Biological and Chemical Stability of SP-304 after Incubation in
Simulated Intestinal Fluid (SIF)

[215] The stability of SP-304 was also evaluated after incubation with simulated

intestinal fluid (SIF) by measuring its biological activity and by HPLC analyses (Figs. 2A & 2B).

SIF solution was prepared by the method as described in the United States Pharmacopoceia, 24th
edition, p2236. The recipe to prepare SIF solution was as described below. The SIF solution
contained NaCl (2.05 g/liter; Sigma), KH ;POy4 (0.6 g/liter; Sigma), CaCl, (0.11 g/liter), KCI
(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, samples
were removed and snap frozen with dry ice and stored in a -80°C freezer until assayed in
duplicate. Figure 2A is a bar chart showing the ability of SP-304, after incubation in SIF for
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. The data indicated that
the biological activity of SP-304 is reduced by about 30% following incubation in SIFfor 300

min.

[216] The physical stability of SP-304 peptide exposed to SIF was evaluated by HPLC
using the method described for SGF digestion. Figure 2B shows HPLC chromatograms for SP-
304 after incubation with heat-inactivated SIF for 300 min, and SIF for 120 min, respectively.
SP-304 treated with heat-inactivated SIF remained intact (Note: the major peak of SP-304
eluting at 16.2 min), whereas SP-304 treated with SIF for 120 min was completely converted

into another peak cluting at 9.4 min plus a few minor additional peaks.

[217] Figure 3 is a schematic representation of the possible metabolites of SP-304. The

major degradation products involve Asn and Asp clipped from the N-terminus and Leu from the
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C-terminus of SP304. The fact that only 30% reduction in biological activity was observed even
after 2 hours incubation in SIF implies that one or more of the degradation products observed in
Fig. 2B are 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).

[218] Figure 4 shows data from the analyses of various peptides in the T84 cell cGMP
stimulation assay (essentially as described in Shailubhai, et al., Cancer Research 60, 5151-5157
(2000) . Bricfly, conflucnt monolaycrs of T-84 cclls in 24-wcll 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). Monolaycrs of T84 cclls were then incubated with 250 ul of DMEM containing 50 mM
HEPES (pH 7.4) containing on¢ 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
c¢GMP ELISA kit (Cat. No. 581021 ; Cayman Chemical, Ann Arbor, MI). Peptide incubations
were run in duplicate, and samples taken from each incubation were run as duplicates in the

ELISA test.

[219] The data indicate that SP-338, the 15-mer peptide missing the leucine (L) residue
at the C-terminus of SP-304, retains about 80% of the biological activity of the full length 16-
mer SP-304 peptide. Thus, the C-terminal Leu clearly does make some contribution to the
biological potency of the peptide. Similarly, peptides SP-327, SP-329 and SP-331, which are all
missing their C-terminal Leu, also showed a 20-25% reduction in biological potency relative to
their counterpart parent peptides SP-326, SP-328 and SP-330, respectively. In addition, the data
also suggest that amino acid residues at the N-terminus may also contribute to the stability and/or
potency of the peptides. Scveral additional peptides were synthesized with D-forms of amino
acids rcplacing the corresponding L-forms at the C- and N-termini of the peptides. Thesc
peptides were evaluated for their abilities to stimulate cGMP synthesis in T84 cells as shown in

Figure 5.
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[220] The results presented in Figure 5 indicate that substitution of L-amino acids with
D-amino acids at the C- and N-termini did not significantly alter their potency relative to SP-304.
Peptides SP-332, SP-333 and SP-335 all showed comparable 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.
On the other hand, substitution of L-leucine with D-leucine at the 6™ position (SP-337) resulted

in virtually complete loss of biological activity.

[221] Figure 7 (A-F) shows the stabilitics of peptides SP-332, SP-333 and SP-304 when
incubated in SIF for two hours. The results demonstrate that SP-333, which has D-Asn at the N-
terminus and D-Leu at the C-terminus, remained virtually 100% biologically active after a two
hour incubation in SIF (Figure 7A), and remained virtually intact to digestion with SIF after two
hours (Figs. 7F-1 & 7F-2). Subsequent incubation studies with SP-333 performed in SIF for up
to 24 hours indicate that there is very little degradation even after 24 hours in SIF (Fig. 7G). The
data indicated that SP-333 is stable against digestion with SIF for up to 24 hours. Peptide SP-
332 with D-Leu at the C-terminus showed a minor reduction in potency following the 120 min
incubation with SIF (Figurc 7B). Intcrcstingly, the HPLC analyscs of SP-332 did not rcveal any
clear-cut degradation of the peptide (Figure 7E-1 & 7E2), also suggesting that this peptide 1s also
almost completely resistant to proteoysis by SIF during the 2-hr incubation. On the other hand,
peptide SP-304 lost about 30% of its potency following digestion with SIF for just one hour
(Figurc 7C). The HPLC analysis of SP-304 following SIF incubation confirmed its degradation
(Figure 7D-1 & 7D-2). These results suggest that SP-304 undergoes substantial proteolysis

following incubation with SIF within one hour.

Example 4: Cyclic GMP Stimulation Assays

[222] The ability of the GCC agonist peptide to bind to and activate the intestinal GC-C
receptor was tested usingT84 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 modified 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%.
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[223] Biological activity of the GCC agonist peptides was assayed as previously
reported (Shailubhai, ez al., Cancer Research 60, 5151-5157 (2000)). Briefly, the 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), prc-incubatcd at 37°C for 10 min with 250 1 of DMEM containing 50
mM HEPES (pH 7.4) and 1 mM isobutylmcthylxanthinc (IBMX), followcd by incubation with
GCC agonist 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.).

[224] Figure 6 shows results from experiments evaluating the potency of peptides (via
cGMP stimulation assay) having structures similar to the 14-mer peptide SP-339, also referred to
as linaclotide. SP-339 is a truncated analog of the E. coli enterotoxin ST peptide. SP-354 was
found to be virtually identical to SP-339 in biological activity. Notably, peptide SP-353, which
has a Ser residue at the 6™ position, was found to be more potent than SP-339, and was the most
potent of all the peptides tested. Peptide SP-355 which has a D-Tyr at the C-terminus showed
considerably less potency than the other peptides tested.

Example 5: Peggylated Peptides

[225] An additional stratcgy to render 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 the aminoethyloxy-ethyloxy-acetic acid (Aeea) group at the C-terminus (SP-
347) or at the N-terminus (SP-350) or at both termini (SP-343). Cyclic GMP synthesis in T84

cells was measured by the method as described above.

[226] The peptides SP-347 and SP-350 showed potencies comparable to SP-333 in their
abilitics to stimulate cGMP synthesis in T84 cells. However, peptide SP-343 was considerably
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 Acca groups at both termini.
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Example 6: Combination of Guanylate Cyclase Receptor Agonists with
Phosphodiesterase Inhibitors

[227] Regulation of intracellular concentrations of cyclic nucleotides (i.e., cAMP and
¢GMP) 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
¢GMP in tissues and organs can also be regulated by the levels of expression of cGMP-specific
phosphodicsterases (¢cGMP-PDE), which are generally overcxpressed in cancer and
inflammatory diseases. Therefore, a combination consisting of an agonist of GC-C with an
inhibitor of cGMP-PDE might produce synergistic effect on levels of cGMP in the target tissues

and organs.

[228] Sulindac Sulfone (SS) and Zaprinast (ZAP) are two of the known inhibitors of
c¢GMP-PDE and have been shown to induce apoptosis in cancer cells via a cGMP-dependent
mechanism. SS and ZAP in combination with SP-304 or SP-333 were evaluated to sec if these
PDE inhibitors had any synergistic effects on intracellular accumulation of cGMP (Fig. 9-12).
As the data show, SS at a concentration of 100 uM did not enhance intracellular accumulation of
¢GMP. Howcver, the combination of SS with SP-304 stimulatcd cGMP production scveral-fold
more then stimulation by SP-304 alone. This synergistic effect on cGMP levels was more
pronounced when SP-304 were used at a 0.1 uM concentration (Fig 10). Similar observations
were made when SP-304 or SP-333 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
¢GMP-PDE that might be responsible for depletion of intracellular cGMP. Thus, the approach to
use a combination of GCC agonist with a cGMP-PDE inhibitor is attractive.

[229] For the results shown in Figure 9, cyclic GMP synthesis in T84 cclls was asscsscd
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 S0 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 SP-304 or PDE inhibitors ¢ither alone or in combinations, as indicated below

in the following experimental sets: 1) Control; 2) SP-304 (0.1 uM); 3) Sulindac Sulfone (100
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uM); 4) Zaprinast (100 uM); 5) SP-304 (0.1 uM) + Sulindac Sulfone (100 uM); and 6) SP-304
(0.1 uM) + Zaprinast (100 uM). After the 30 min incubation, the medium was aspirated and the
reaction was terminated by the addition of 3% perchloric acid. Following centrifugation and the
addition of NaOH (0.1 N) to neutralize the pH, intracellular cGMP levels were determined in
lysates using a cGMP ELISA kit (Cat. No. 581021 ; Cayman Chemical, Ann Arbor, MI).
Incubations were performed in duplicate, and each sample was run in duplicate using the ELISA

test.

[230] 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) either 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 in triplicate using the ELISA

test.

[231] For the results shown in Figure 11, the method used was same as the one used for
Fig. 10 cxcept that the monolaycrs of T84 cclls were incubated with 500 ul of DMEM containing
50 mM HEPES (pH 7.4) containing SP-3333 (0.1 or 1.0 uM) or increasing concentrations of
ZAP (0 to 500 uM) either alone or in combination with SP-333. After the 30 min incubation, the
medium 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
¢GMP lcvels were determinced in lysates using a cGMP ELISA kit (Cat. No. 581021 ; Cayman
Chemical, Ann Arbor, MI). Samples were run in triplicate using the ELISA test.

[232] 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 il of DMEM containing
50 mM HEPES (pH 7.4) containing SP-333 (0.1 |LM) or incrcasing concentrations of Sulindac
Sulfone (0 to 500 uM) either 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.
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Following centrifugation and the addition of NaOH (0.1 N) to neutralize the pH, intracellular
c¢GMP levels were determined in lysates using a cGMP ELISA kit (Cat. No. 581021 ; Cayman
Chemical, Ann Arbor, MI). Samples were run in triplicate using the ELISA test.

Example 7: A Repeated Oral Dose Toxicity Study of SP-304 in Cynomolgus Monkeys.

[233] The primary purpose of this experiment was to evaluate the toxicity and
pharmacokinetics of a repeated oral dose of SP-304 in cynomolgus monkeys. Treatment with a
daily dose of 250 mg of SP-304 for 14 consecutive days was well tolerated by all of the
monkeys, however the treatment consistently produced liquid feces and watery diarrhea (Figure
14). Monkeys returned to normal stool consistency within 24-48 hours following the last dose of
SP-304.

Example 8: SP-304 Treatment Improves Stool Consistency and Clears TNBS-induced
Intestinal Blockage in a TNBS-induced Murine Model of Colitis.

[234] SP-304 is a superior analog of uroguanylin and an agonist of GC-C. The anal
administration of trinitrobenzene sulphonic acid (TNBS) is typically used to produce intestinal
blockage, resulting in poor stool consistency. As shown in Figure 13, oral administration of SP-
304 considcrably improved stool consistency in micc trecated with TNBS. Trcatment with SP-304
at a dose between 0.05 to 0.5 mg/kg body weight was sufficient to completely restore the
consistency score to the level observed in mice treated with phosphate buffer instead of TNBS
(minus TNBS control). Sulfasalazine, a FDA approved drug used as a positive control, also

restored normal stool consistency.

Example 9: A Randomized, Double-blind, Placebo-Controlled, Single-, Ascending-, Oral-
Dose Safety, Tolerability, and Pharmacokinetic Study of SP-304 in Healthy
Adult Human Male and Female Volunteers

[235] The objectives of this study were to assess the safety and pharmacokinetics of a
single oral dosec of SP-304 in healthy subjects. This was a phase 1, single-site, randomized,
double-blind, placebo-controlled, single-, ascending-, oral-dose, sequential dose escalation study
of SP-304 in fasted, healthy male and female subjects. A total of 9 cohorts utilizing 8 subjects
per cohort (6 SP-304; 2 placebo) were utilized, totaling 71 volunteers administered drug (one
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volunteer dropping out). Each cohort was administered a single, oral dose or matching placebo
administered in 10-fold diluted phosphate buffered saline (PBS) (240 mL). Subjects were only
administered one dosc of study treatment and could not be enrolled in subsequent cohorts. The

nine cohort doses included 0.1,0.3,0.9,2.7, 5.4, 8.1, 16.2, 24.3 mg and 48.6 mg SP-304.

Doses of SP-304

0.1 mg (6 active, 2 placebo)
0.3 mg (6 active, 2 placebo)
0.9 mg (6 active, 2 placcbo)
2.7 mg (6 active, 2 placebo)
5.4 mg (6 active, 2 placebo)
8.1 mg (6 active, 2 placebo)
16.2 mg (5 active, 2 placcbo)
24.3 mg (6 active, 2 placebo)
48.6 mg (6 active, 2 placebo)

[236] The decision to proceed to the next cohort was made by the study sponsor and
principal investigator after reviewing the preliminary blinded, safety information from the
cohort. All safety data collected through the 48 hours after dosing were reviewed to assess
tolerability of the dose level. A minimum of 3 evaluable subjects were required for the

determination of safety and tolerability at each dose level.

[237] The stopping criteria were: 1) clinically significant adverse events [including
clinically significant changes in laboratory or electrocardiogram (ECQG) parameters] in >4
subjects (collectively within a cohort), or 2) 1 drug related, serious adverse event (SAE). No
higher doses were to be administered if one of these criteria was met. Otherwise, the study could

proceed to the next higher dosc cohort.

[238] Safety was monitored by physical examinations, vital signs, clinical laboratory
tests (hematology, chemistry, urinalysis, fecal occult blood), ECG, and adverse experience
assessments). Serial blood samples were collected 0, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 16, 24, 36, and
48 hours after dosing. Plasma samples were assayed by a validated method for SP-304, and
pharmacokinetic parameters calculated. Pharmacodynamic endpoints that were evaluated
included time to first stool, stool frequency (48-hour period), and stool consistency (48-hour

period) using the Bristol Stool Form Scale (BSFS).
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[239] The phase 1 study (Protocol No. SP-SP304101-08) used an oral solution prepared
by a registered licensed pharmacist at the investigation site not more than one hour before

administration of dose.

[240] The primary objectives of this clinical evaluation were to determine safety,
toxicity and systemic absorption of a single oral dose of SP-304. The data indicated that SP-304
was well-tolerated at all dosage levels and there were no severe adverse events (SAEs). The
most prcvalent adverse ¢vent (AE) obscrved during this study was gradc 1 diarrhea (12.7%), as
defined using the Common Terminology Criteria for Adverse Events (CTCAE), which is an
increase in the number of bowel movements from 1 and <4 in a 24-hour period. Notably, SP-
304 was expected to promote bowel movement, thus the increase in number of bowel

movements was considered to be related to the pharmacodynamic (PD) action of SP-304.

[241] The effect of a single oral dose of SP-304 on stool consistency, as judged by the
Bristol form stool scale (BSFS), was also examined in volunteers. The BSFS score for the seven

types of stool are:

. Type 1: Separate hard lumps, like nuts (hard to pass)

. Type 2: Sausage-shaped, but lumpy

. Type 3: Like a sausage but with cracks on its surface

. Type 4: Like a sausage or snake, smooth and soft

. Type 5: Soft blobs with clear cut edges (passed easily)

. Type 6: Fluffy pieces with ragged edges, a mushy stool

. Type 7: Entirely liquid

[242] Types 1 and 2 indicate constipation, with 3 and 4 being the "ideal stools”

especially the latter, as they are the casiest to pass, and 5-7 score indicate further tending towards

diarrhea or urgency.

[243] Figure 15A-B shows the effect of a single dose of SP-304 or placebo on BSFS
score in volunteers treated with SP-304 ranging from 0.1 mg up to a maximum of 48.6 mg dose.
The data indicate that treatment with SP-304 produced an increase in BSFS score in volunteers,
rclative to placcbo-treated voluntecrs, reflecting a change in stool consistency towards a looscr

bowel movement in SP-304 treated volunteers. These results indicate that SP-304 has the

101

3790



WO 2010/065751 PCT/US2009/066600

potential to normalize bowel movement and to relieve the discomfort due to chronic

constipation.

[244] Figure 16 shows the effect of a single dose of SP-304 or placebo on the time to
first stool in the 24 hours period following dosing. The data indicate that SP-304 treatment
significantly decreased the time to first bowel movement from 10.6 hours in volunteers treated
with placebo to about 3 to 6 hours, following SP-304 treatment at doses ranging from 2.7 to 48.6

mg.

Example 10: SP-304 Ameliorates Inflammation in DSS-induced Colitis in BDF-1 Mice.

[245] The ¢cGMP pathway mediates the anti-inflammatory effects of cellular molecules
such as nitric oxide and heme oxygenase-1. Therapies that induce cGMP (phosphodiesterase-4
inhibitors) have demonstrated efficacy in murine models of IBD. The anti-inflammatory effects
of the GCC agonist SP-304 were evalated in a murine model of ulcerative colitis, the DSS-

induced colitis model.

[246] Forty eight BDF1 mice were divided into & treatment groups (6 mice / group).
One group was not exposed to DSS (untreated control) and groups 2-10 were treated with 5%
DSS in the drinking water. DSS was refreshed daily. All mice were weighed on day -1, and
treated with the test materials beginning on day -1. 4hrs post dosing on Day 0, DSS was placed
in the drinking water of groups 2-8 and DSS remained in the water until the end of the study. The
test agents were administered at 9 AM daily until day 7. Animals were treated with a single dose
of test agents and the groups were as follows:

. No DSS exposure — PBS gavage (No DSS control)

. 5% DSS + PBS (Vehicle control)

. 5% DSS + 80 mg/kg Sulfasalazine (positive control)

. 5% DSS + 0.005 mg/kg SP-304

. 5% DSS + 0.05 mg/kg SP-304

. 5% DSS + 0.5 mg/kg SP-304

. 5% DSS + 2.5 mg/kg SP-304
. 5% DSS + 50 mg/kg SP-304

O NI N WD —

[247] All doses were administered by oral gavage using a 0.1ml dose per 10g body

weight. To avoid cage-to-cage variation, different treatment groups were housed in the same

102

3791



WO 2010/065751 PCT/US2009/066600

cage and animals were ear punched for identification purposes. Mice were sacrificed on day 7,
4-6 hrs post last dosing. The animals were also subjected to internal examination of the major
organs for any gross abnormalities. The distal section of the large intestine (sufficient for
histopathological examination) was removed and fixed in Carnoy’s solution and embedded in
paraffin. Two non-serial sections per slide were cut and H&E stained for visual severity score

analysis. All slides were scored in a blinded manner.

Histopathology scoring

normal

all crypts remaining but look abnormal, all muscle intact
less than 90% crypts remaining, all muscle intact

less than 75% crypts remaining, majority musclc intact
less than 10% crypts remaining, most of muscle degraded
no crypts left, muscle degraded

NhRWLW R~ O

[248] Five different sections of the tissuc were cxaminced for histopathological scoring
and the scores were averaged for each mouse. The histopathology scores in Fig. 17 are expressed
as an average of 6 mice. As shown in Fig. 17, the data indicate that treatment of mice with DSS
produced mild inflammation in the large intestine. As expected, the severity of the inflammation
was considerably reduced in mice treated with sulfasalazine. Similarly, mice treated with SP-304
doses ranging from 0.005 to 5 mg/kg/body weight also showed reduced inflammation in the
colon tissue. These results indicate that oral administration with SP-304 ameliorated DSS-
induced inflammation in the colon tissue. The treatment with SP-304 did not change the colon

weight considerably.

Example 11: SP-304 Ameliorates Inflammation in TNBS-induced Colitis in BDF-1 Mice

[249] Anal administration of TNBS is widely used to induce inflammation in the colon
of mice and rats. The TNBS-induced ulcerative colitis is commonly used model for experimental
colitis in mice for evaluation of drugs to be used for treatment of IBD in humans. To evaluate
the anti-inflammatory effects of the GCC agonist SP-304, ninety BDF-1 mice were randomly

divided into 9 groups of 10 each as follows:

1. No TNBS exposure — PBS gavage (No TNBS control)
2. TNBS + PBS (Vchicle control)
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. TNBS + 80 mg/kg Sulfasalazine (positive control)
. TNBS + 0.0005 mg/kg SP-304

. TNBS + 0.005 mg/kg SP-304

. TNBS + 0.05 mg/kg SP-304

. TNBS + 0.5 mg/kg SP-304

. TNBS + 2.5 mg/kg SP-304

. TNBS + 50 mg/kg SP-304

O oAk W

[250] Groups 2-9 were given 2.5 mg of TNBS in 50% cthanol through anal route using
a rubber catheter on day 0. Mice were given a single dose of SP-304 at 9 am everyday for seven
days. At the end of the study mice were sacrificed by cervical dislocation. The distal large
intestine was removed and fixed in Carnoy’s fixative. Samplcs were paraffin embedded and 2
non-serial sections per sample were cut & mounted on one slide before staining with H&E.
Slides of intestinal tissues was scored. Blinded histological sections were observed
microscopically and assigned a severity score of 0 to 5, as per the scoring system described in
Fig 8. For cvery mouse 5 cross sectional arcas of the large intestine were assessed. Results are
expressed as an average. As shown in Fig 18, treatment with SP-304 at a dose as low as 0.05
mg/kg body weight significantly reduced colonic inflammation. Interestingly, the potency of SP-
304 even at concentrations as low as 0.05 mg.kg was comparable to sulfasalazine given at a dose

of 80 mg/kg body weight.

Example 12: Repeated daily dose of SP-304 produced severe diarrhea in cynomolgus

monkeys

[251] Male (n=4) and female (n=4) monkeys were given a daily dose (1 or 10 or 75 mg/kg
body weight) of SP-304 repeatedly for 28 days. Effect of treatment on stool consistency was
recorded three times a day. As shown in Figure 19, oral treatment with SP-304 produced
diarrhea/watery stools in both sexes. However, female monkeys showed a more pronounced
effect. In females, a dose of 10 mg/kg body weight produced severe diarrhea consistently.
Therefore, SP-304 was used at 10 mg/kg body weight in the subsequent experiments. Similar

results were obtained with SP-333.

Example 13: Repeated dose of SP-304 produced severe bloating in the proximal intestines
in mice
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[252] The objective of this experiment was to determine the primary site of action for orally

administered SP-304 with respect to its ability to stimulate water secretion in the gastrointestinal

tract. Under normal physiological circumstances, water secretion occurs primarily in the

duodenum and the secreted water is then reabsorbed in the ileum. Mice (females, n=6; males,

n=6) were given a single dose of SP-304 by oral gavage and sacrificed 30 minutes later. The

gastrointestinal tract was examined for signs of bloating which indicates excessive secretion of

water. As shown in Table VIII, SP-304 produced bloting only in the stomach and in the

proximal intestine (duodenum and jejunum) but not in cecum or distal intestine (ileum and

colon). These results demonstrate that orally administered SP-304 caused water secretion in the

duodenum/jejunum. Thus, the site of action of SP-304 is primarily in the duodenum and

jejunum portions of the gastrointestinal tract.

GI Tract Segment

Male Mice
Number of Animals
with Bloating (% of total)

Female Mice
Number of Animals
with Bloating (% of total)

n=6 n=6
Stomach 3 (50%) 2 (33%)
Duodenum 2 (33%) 2 (33%)
Jejunum 6 (100%) 6 (100%)
Cecum 1 (2%) 0 (0%)

Table VIII: SP-304 oral administration produced severe bloating in proximal intestine of
mice. Mice (6 males and 6 females) were orally administered with SP-304 (1200 mg/kg body
weight). After 30 minutes, mice were sacrificed and immediately opened to determine if SP-304
administration had caused bloating, due to excessive secretion of fluid, in different segments of
the GI tract. Results are expressed as % number of mice showing bloating in various parts of the
Gl tract.

Example 14: Formulations of SP-304 for different GI diseases

[253] As indicated by the data in Table VIII, orally administered SP-304 acts in the proximal
portions of the Gl tract (duodecnum, jejunum) to stimulate watcr scerction. Thus, a formulation
for dclivery of SP-304 to this region should demonstrate improved cfficacy for the trcatment of

chronic constipation, IBS-C and other diseases of the proximal intestine. This is because such a
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formulation would more effectively stimulate the secretion of water and promote the
normalization of bowel movement in patients suffering from these conditions. In addition,
aggregation of SP-304, which occurs beginning at 1.0 mg/ml and is promoted by acidic
conditions, would be minimized in a pH dependent release formulation designed to release at
higher pH. Thus, a pH dependent release formulation of SP-304 comprising the Eudragit
polymer was tested for efficacy of release at pH greater than 5.5, which would target release to
the duodenum. As shown in Figure 20, gelatin capsules coated with Eudragit polymer for
dissolution at pH greater than 5.5 did not disintegrate and SP-304 was not released under acidic
conditions at pH 1 or 2.5. As expected, incubation of the capsule at pH 5.7 released SP-304
within 20 minutes and within 60 minutes most of the peptide was released. The relecased SP-304

was biologically active as determined in the T84 cells bioassay (see Figure 21).

[254] For the treatment of IBD and other diseases or disorders of the distal GI tract, it is
advantageous to develop a formulation which targets GCC agonists to the distal GI tract,
particularly the terminal ileum. This is particularly the case for the treatment of IBD which is
often complicated by diarrhea. Thus, oral administration of a GCC agonist would likely be
countcrproductive for IBD duc to the stimulation of watcr scerction in the duodenum. This
problem would be circumvented by a formulation that targeted delivery to the terminal ileum. A
pH dependent release formulation of SP-304 was therefore tested for efficacy of release at pH
greater than 7, which would target release to the terminal ileum. As shown in Figures 20 and 21,
thc Eudragit polymer formulation rcleased the SP-304 at pH 7.2 and the relcased SP-304 was

biologically active.

Example 15: SP-304 and SP-333 formulated in Eudragit polymer coating for delivery at or

above pH 7 minimized diarrhea in cynomolgus monkeys

[255] As shown in Figure 22, SP-304 formulated in gelatin capsules coated with Eudragit
polymer (for dissolution at pH above 7) produced considerably less incidences of diarrhea as
comparcd to the uncoated capsules containing the same dosc of SP-304 (10 mg/kg body weight).
These results demonstrate that the delivery of a GCC agonist to the distal intestine reduces the

incidence of diarrhea which would otherwise be expected from oral administration of the agonist.
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Thus, such a formulation would be preferred for the treatment of 1BD, colon cancer and other

diseases of the distal intestine.

[256] SP-333is a GCC agonist which was designed for increased stability against the
proteolysis which would normally occur in the intestinal fluid. Thus, this peptide would also be
useful for the treatment of TBD, colon cancer and other diseases of the distal intestine. SP-333
was formulated in gelatin capsules coated with Eudragit polymer for dissolution at pH above 7.
As shown in Figurc 23, the coated capsules producced a considerably lower incidence of diarrhca

compared to the uncoated capsules.
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We claim:

1. A GCC agonist formulation comprising (1) a core, which contains at least one GCC
agonist peptide, and (2) one or more targeting materials selected from the group
consisting of a pH-dependent polymer, a swellable polymer, and a degradable
composition, wherein the GCC agonist peptide is selected from the group consisting of

SEQ ID NOs: 1-249,

2. The GCC agonist formulation of claim 1, wherein the GCC agonist peptide is selected
from the group consisting of SEQ ID NOs: 1, 8,9, 55 or 56.

3. The GCC agonist formulation of claim 2, wherein the GCC agonist peptide is selected
from the group consisting of SEQ ID NOs: 1 and 9.

4. The GCC agonist formulation of claim 1, wherein the formulation is for an oral route of
administration.
5. The GCC agonist formulation of claim 1, whercin the formulation is optimized for

delivery of a GCC agonist to the duodenum ot jejunum.

6. The GCC agonist formulation of claim 5, wherein the formulation comprises one or more
pH dependent polymers which degrade in a pH range of 4.5 to 5.5 or in a pH range of 5.5
to 6.5.

7. The GCC agonist formulation of claim 1, wherein the formulation is optimized for

delivery of a GCC agonist to the ilcum, tecrminal ilcum, or ascending colon.

g. The GCC agonist formulation of claim 7, wherein the formulation comprises one or more
pH dependent polymers which degrade in a pH range of 5.5 to 6.5 or in a pH range of 6.5
to 7.5.

9. The GCC agonist formulation of claim 6 or 8, wherein the pH dependent polymer is

sclected from the group consisting of a methacrylic acid copolymer, a polyvinyl acetate
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phthalate, a hydroxypropylmethylcellulose phthalate, a cellulose acetate trimelliate, a

cellulose acetate phthalate, or a hydroxypropyl methyl cellulose acetate succinate.

The GCC agonist formulation of claim 9, wherein at least one of the pH dependent

polymers is a methacrylic acid copolymer.

The GCC agonist formulation of ¢claim 10, wherein the methacrylic acid copolymer is

sclected from among the EUDRAGIT polymers.

The GCC agonist formulation of claim 11, wherein the EUDRAGIT polymer is selected
from among the group consisting of EUDRAGIT L100, EUDRAGIT L-30D,
EUDRAGIT S100, EUDRAGIT FS 30D, and EUDRAGIT L100-55, and combinations
thereof.

The GCC agonist formulation of claim 7, wherein the formulation comprises one or more

pH dependent polymers and a swellable polymer.

The GCC agonist formulation of claim 13, wherein the formulation comprises two pH
dependent polymers which degrade in a pH range of 6.5 to 7.5 and wherein the swellable

polymer forms a layer between the two pH dependent polymers.

The GCC agonist formulation of claim 13, wherein the swellable polymer is selected
from the group consisting of an acrylic copolymer, polyvinylacetate, and cellulose

derivatives.

The GCC agonist formulation of claim 15, wherein the swellable polymer is an acrylic
copolymer selected from the group consisting of EUDRAGIT RL, EUDRAGIT RS, and
EUDRAGIT NE.

The GCC agonist formulation of claim 13, further comprising a pore forming agent.

The GCC agonist formulation of claim 17, wherein the pore forming agent is selected
from the group consisting of saccharose, sodium chloride, potassium chloride,
polyvinylpyrrolidone, polyethyleneglycol, water soluble organic acids, sugars and sugar

alcohol.
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The GCC agonist formulation of claim 1, wherein the formulation comprises a degradable

composition.

The GCC agonist formulation of claim 19, wherein the degradable composition is
sclected from the group consisting of amylase, chitosan, chondroitin sulfate, cyclodextrin,

dextran, guar gum, pectin, and xylan.

The GCC agonist formulation of claim 20, furthcr comprising a matcrial sclected from
the group consisting of cellulose acetate phthalate, hydroxy propyl methyl cellulose
acetate succinate, EUDRAGIT L100 and EUDRAGIT L30D-55, wherein the material

forms an outer coating over the degradable composition.

The GCC agonist [ormulation of claim 19, wherein the degraduble composition is a
carrier molecule linked to the GCC agonist by a covalent bond, wherein the covalent
bond is stable in the stomach and small intestines but labile in the lower gastrointestinal

tract, cspecially the colon.

The GCC agonist formulation of claim 22, wherein the covalent bond is an azo bond or a

glycosidic bond.

The GCC agonist formulation of claim 22, wherein the carrier molecule is selected from
the group consisting of a glucuronide, a cyclodextrin, a dextran ester, or a polar amino

acid.

A method for treating or preventing a gastrointestinal discase or disorder in a subject in
need thereof, comprising administering to the subject a GCC agonist formulation
comprising (1) a core, which contains at least one GCC agonist peptide, and (2) one or
more targeting materials selected from the group consisting of a pH-dependent polymer, a
swellable polymer, and a degradable composition, wherein the GCC agonist peptide is

sclected from the group consisting of SEQ ID NOs: 1-249.
Thc mcthod of claim 25, whercin the formulation compriscs onc or more pH dependent

polymers which degrade in a pH range of 4.5 to 5.5 or in a pH range of 5.5 to 6.5.
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The method of claim 26, wherein the gastrointestinal disease or disorder is selected from
the group consisting of irritable bowel syndrome, non-ulcer dyspepsia, chronic intestinal
pseudo-obstruction, functional dyspepsia, colonic pseudo-obstruction, duodenogastric
reflux, gastro esophageal reflux disease, chronic idiopathic constipation, gastroparesis,

heartburn, gastric cancer, and H. pylori infection.

The method of claim 27, wherein the gastrointestinal disease or disorder is selected from

thc group consisting of chronic idiopathic constipation and irritable bowel syndromc.

The method of claim 25, wherein the formulation comprises one or more pH dependent

polymers which degrade in a pH range of 5.5 to 6.5 or in a pH range of 6.5 to 7.5.

The method of claim 29, wherein the gastrointestinal disease or disorder is selected from
the group consisting of ileitis (post-operative ileitis), Crohn’s disease, ulcerative colitis,

terminal ileitis, and colon cancer.

The method of claim 30, wherein the gastrointestinal disease or disorder is selected from

the group consisting of ulcerative colitis and Crohn’s discase.

The method of claim 26 or 29, wherein the GCC agonist peptide is selected from the
group consisting of SEQ ID NOs: 1, §,9, 55 or 56.

The method of claim 32, wherein the GCC agonist peptide is selected from the group
consisting of SEQ ID NOs: 1 and 9.

The method of claim 26 or 29, further comprising administering to the subject an

effective amount of an inhibitor of a cGMP-specific phosphodiesterase.

The method of claim 34, wherein the cGMP-dependent phosphodiesterase inhibitor is
selected from the group consisting of suldinac sulfone, zaprinast, and motapizone,

vardcnifil, and suldcnifil.

The method of claim 26, further comprising administering to the subject an effective

amount of at least one laxative.
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37. The method of claim 36, wherein the at least one laxative is selected from the group

consisting of SENNA, MIRALAX, PEG, or calcium polycarbophil.

38. The method of claim 26 or 29, further comprising administering to the subject an

effective amount of at least one anti-inflammatory agent.

39. The method of claim 26 or 29, wherein the subject is a human.
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METHOD FOR MODULATING THE PHARMACOBYNAMIC EFFECT OF
ORALLY ADMINISTERED GUANYLATE CYCLASE RECEPTOR AGONISTS

FIELD
This disclosure concerns methods of modulating the pharmacodynamic effect of g

GC-C receptor agonist polypeptide formulations in a subject in need of such treatment.

PRIORITY CLAIM
This application claims priortiy to United States Application Serial No. 61/233,740,
filed August 13, 2009. The entire contents of the aforementioned application are
incorporated herein by reference.
SEQUENCE LISTING
This application incorporates by reference in its entirety the Sequence Listing entitled
“mod_effect_app_ST25.4xt” (4 kilobytes) which was created August 13, 2010 and filed

electronically herewith.

BACKGROUND OF THE INVENTION

Linaclotide, a polypeptide having the amino acid sequenge Cys Cys Glu Tyr Cys Cys
Asn Pro Ala Cys Thr Gly Cys Tyr (SEQ ID NO: 1), activates the guanylate cyclase-C (GC-
C) recepior (See, €.g., 1S 7,304,036 and US 7,371,727}

Linaclotide and other GC-C receptor agonists (such as those disclosed in any of US
7,304,036, US 7,371,727, WO G2/78683, WO 2004/069165, WOR2005/087797, WO
2007/022531, WO2005/016244, WO2005/074575, WO2006/102069, WO2Z008/002971,
WOZ008/106429, WO 2008/137318, WO2002/078683, WO 2006/086653, WO
2007/101 158, WO 2008/131257, US7041786, and WO 2007/101161} may be administered
orally for the treatment of gastrointestinal disorders and conditions including irritable bowel
syndrome (1B3) and chronic constipation (CC). Solid formulations comprising linaclotide
have been developed for oral administration.

Methods are needed for moedulating the pharmacodynamic effect of these linaclotide

formulations as well as other GC-C receptor agonist polypeptide formulations.

SUMMARY OF THE INVENTION
These and other needs are met by the present invention, which provides a method for
decreasing the pharmacodynamic effect of a GC-C receptor agonist polypeptide formulation
1
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which is administered (0 a subject in need of such treatment, comprising administering the
GC-C receptor agonist polypeptide to the subject before the ingestion of food.

In some embodiments, the GC-C receptor agonist polypeptide is administered to the
subject as a formulation which comprising the GC-C receptor agonist polypeptide, a
pharmaceutically acceptable carrier, and one or more agents selfected from a cation selected
from Mg™*, Ca’*, Zn**, Mn®*, K*, Na* and A1** and a sterically hindered primary amine.

In another embodiment, the invention also provides 2 method of decreasing the
pharmacodynamic effect of linaclotide which is administered to a subject in need of such
treatment, comprising administering linaclotide to the subject before the ingestion of food.

The invention also provides a method of decreasing the pharmacodynamic effect of a
linaclotide formulation which is administered 1o a subject in need of such treatment,
comprising administering the GC-C receptor agonist polypeptide formulation to the subject
before the ingestion of food, wherein the GC-C receptor agonist formulation comprises
linaclotide, a pharmaceutically acceptable carrier, and one or more agents selected from a
cation selected from Mg®*, Ca®*, Zn®", Mn®*, K*, Na* and AP and a sterically hindered
primary amine.

The invention also provides a method of decreasing the pharmacodynamic effectof a
GC-C receptor agonist polypeptide formulation which is administered to a subject suffering
from irritable bowel syndrome or constipation, comprising administering the GC-C receptor
agonist polypeptide formulation to the subject before the ingestion of food, wherein the GC-C
receptor agonist formulation comprises a GC-C receptor agonist polypeptide, a
pharmaceutically acceptable carrier, Ca*?, and leucine.

The invention also provides a method of decreasing the pharmacodynamic effect of a
linaclotide formulation which is administered to a subject suffering from irritable bowel
syndrome { e.g., constipation-predominamnt irritable bowel syndrome} or constipation (e.g.,
chronic constipation), comprising administering the linaclotide formulation to the subject
before the ingestion of food, wherein the GC-C receptor agonist formulation comprises
linaclotide or a pharmaceutically accepiable salt of linaclotide, a pharmaceutically acceptable
carrier, Ca*?, and leucine.

The invention also provides a method of decreasing the pharmacodynamic effect of a
linaclotide formulation which is administered to a subject suffering from irritable bowel
syndrome or constipation, comprising administering the linaclotide formulation to the subject
before the ingestion of food, wherein the linaclotide agonist formulation is in the formofa

tablet or capsule that comprises:
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{a) Linaclotide;

(b) CaCigeZHgi);

(<) L-Leucine; and

{d) Hydroxypropyl Methylcellulose

wherein linaclotide is present in the pharmaceutical composition in an amount between
100u g to 600ug and the molar ratio of Ca®*:leucine:tinaclotide is between 5-100:5-50:1.

In some embodimenis, linaclotide is present in the tablet or capsule in an amount of
133 or 266pug. In some embodiments, CaCl, is present in the tablet or capsule in an amount
of 1541ug. In some embodiments, leucine is present in the tablet or capsule in an amount of
687ug. In some embodiments, hydroxypropy! methylcellulose is present in the tablet or
capsule in an amount of 700ug

The invention alsc provides a method of decreasing the pharmacodynamic effect of a
linaclotide formulation which is administered to a subject suffering from irritable bowel
syndrome or constipation, comprising administering the linaclotide formulation to the subject
before the ingestion of food, wherein the linsclotide agonist formulation is in the formof a
tablet or capsule that comprises:

{a) Linaclotide;

(b) CalCl«2 0

{c) L-Leucine; and

{D Hydroxypropyl Methylcellulose

wherein linaclotide is present in the pharmaceutical composition in an amount between
100ug to 600ug and the molar ratio of Ca**:leucine:linaclotide is between 5-100:5-50:1.
More particularly, linaclotide is present in the tablet or capsule in an amount of 133 or
266,
More particularly, CaCl; is present in the tablet or capsule in an amount of 1541ug.
More particularly, leucine is present in the tablet or capsule in an amount of 687ug.
More particularly, hydroxypropyl methylcellulose is present in the tablet or capsule in
an amount of 700ug.
The invention also provides a method of eating uritable bowel syndrome or
constipation in a subject in need of such treatment, comprising: administering a GC-C

receptor agonist polypeptide to the subject before the ingestion of food.
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DETAILED DESCRIPTION OF THE INVENTION
Definitions

As used herein, the term “binder” refers o any pharmaceutically acceptable binder
that may be used in the practice of the invention. Examples of pharmaceutically acceptable
binders include, without limitation, a starch (e.g., corn starch, potato starch and pre-
gelatinized starch (e.g., STARCH 1500® and STARCH 1500 LM®, sold by Colorcon, Lid.)
and other starches), maltodextrin, gelatin, natural and synthetic gums such as acacia,
powdered tragacanth, guar gum, cellulose and its derivatives (e.g., methylcellulose,
hydroxyethyl cellulose, hydroxyethyl methyicellulose, hydroxypropyl cellulose and
hydroxypropyl methylcellulose (hypromeliose), ethyl cellulose, cellulose acetatz,
carboxymethyl celinlose calcium, sodium carboxymethyl cellulose, carboxymethylcellulose,
microcrystalling celiulose (e.g. AVICEL™, such as, AVICEL-PH-101™ _103™ and - 105,
sold by FMC Corporation, Marcus Hook, PA, USA)), polyvinyl alcohol, polyvinyl
pyrrolidone (e.g., polyvinyl pyrrolidone K30}, and mixtures thereof.

As used herein, the term “filler” refers to any pharmaceutically acceptable filler that
may be used in the practice of the invention. Examples of pharmaceutically acceptable fillers
include, without limitation, talc, calcium carbonate (e.g., granules or powder), dibasic
calcium phosphate, tribasic calcium phosphate, calcium sulfate (e.g., granules or powder),
microcrysialline cellulose (e.g., Avicel PHI01 or Celphere CP-303), powdered cellulose,
dexirates, kaolin, mannitol, silicic acid, sorbitol, starch (e.g., Starch 1500), pre-gelatinized
starch, lactose, glucose, fructose, galactose, trehalose, sucrose, maltose, isomalt, raffinose,
maltitol, melezitose, stachyose, lactitol, palatinite, xylitol, myoinositol, and mixtures thereof.

Examples of pharmaceutically acceptable fillers that may be particularly used for
coating with linaclotide include, without limitation, talc, microcrystailine cellulose (e.g.,
Avicel PHI01 or Celphere CP-3035), powdered cellulose, dextrates, kaolin, mannitol, silicic
acid, sorbitol, starch, pre-gelatinized starch, lactose, glucose, fructose, galactose, trehalose,
sucrose, maltose, isomalt, dibasic calcium phosphate, raffinose, maltitol, melezitose,
stachyose, lactitol, palatinite, xylitol, mannitol, myoinositol, and mixtures thereof.

As used herein, the term “additives” refers to any pharmaceutically acceptable
additive. Pharmaceutically acceptable additives include, without limitation, disintegranis,
dispersing additives, lubricants, glidants, antioxidants, coating additives, diluents, surfactants,
flavoring additives, humectants, absorption promoting additives, controlled release additives,
anti-caking additives, anti-microbial agents (e.g., preservatives), colorants, desiccants,

plasticizers and dyves.
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As used herein, an “excipient” is any pharmaceutically acceptable additive, filler,
binder or agent.

As used herein, the term “alkyl”, as used herein, refers to a saturated linear or
branched-chain monovalent hydrocarbon radical. Unless otherwise specified, an alky! group
contains 1-20 carbon atoms {e.g., 1-20 carbon atoms, 1-10 carbon atoms, 1-8 carbon atoms,
1-6 carbon atoms, 1-4 carbon atoms or -3 carbon atoms). Examples of alkyl groups include,
hut arve not limited 1o, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, s-butyl, t-butyl,
pentyl, hexyl, heptyl, octy! and the like.

As used herein, the terms Co.p “alkoxyalkyl” and Cy “thicaltkoxyalkyl” mean alkyl,
substituted with one or more alkoxy or thioalkoxy groups, as the case may be, wherein the
combined total number of carbons of the alkyl and alkoxy groups, or alkyl and thioalkoxy
groups, combined, as the case may be, is between the values of n and m. For example, 2 Cy
alkoxyalkyl has a total of 4-6 carbons divided between the alkyl and alkoxy portion; e.g. it
can be —CH,OCHCH,CH;, —CHCHOCH,CH; or ~CHCH,CH.OCHS.

As used herein, the term “aryl” (as in “aryl ring” or “aryl group™), used alone or as
part of a larger moiety, refers to a carbocyclic ring system wherein at least one ring in the
system is aromatic and has a single point of attachment to the rest of the molecule. Unless
otherwise specified, an aryl group may be monocyclic, bicyclic or ricyclic and contain 6-18
ring members. Examples of aryl rings include, but are not limited to, phenyl, naphthyl,
indanyl, indenyl, tetralin, fluorenyl, and anthracenyl.

As used herein, the term “heteroaryl” (or “heteroaromatic” or “hetercaryl group” or

*“aromatic heterocycie”) used alone or as part of a larger molety as in “heterocaralky!” or
“heteroarylalkoxy” refers to a ring system wherein at least one ring in the system is aromatic
and contains one or more heteroatoms, wherein each ring in the system contains 3 to 7 ring
mernbers and which has a single point of attachment to the rest of the molecule. Unless
otherwise specified, a heteroaryl ring system may be monocyclic, bicyclic or tricyclic and
have a total of five to fourieen ring members. In one embodiment, all rings in a hetercaryl
systern are aromatic. Also included in this definition are heteroarvi radicals where the
heteroaryl ring is fused with one or more aromatic or non-aromatic carbocyclic or
heterocyclic rings, or combinations thereof, as long as the radical or point of attachment is in
the heteroaryl ring. Bicyclic 6,3 hetercaromatic system, as used herein, for example, is a six
membered heteroaromatic ring fused to a second five membered ring wherein the radical or

point of attachment is on the six membered ring.
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Heteroaryl rings include, but are not limited to the following monocycles: 2-furanyl, 3-
furanyl, N-imidazolyl, 2-imidazolyl, 4-imidazolyl, 5-imidazolyl, 3-isoxazolyl, 4-isoxazolyl,
S-isoxazolyl, 2-oxazolyl, 4-oxazolyl, 5-oxazolyl, N-pyrrolyl, 2-pyrrolyl, 3-pyrroivi, 2-
pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyl, pyridazinyl (e.g.,
3-pyridazinyl}, 2-thiazolyl, 4-thiazolyl, 5-thiazolyl, tetrazolyl (e.g., S-tetrazolyl), triazolyl
(e.g., 2-triazolyl and 3-wriazolyl), 2-thienyl, 3-thienyl, pyrazolyl (e.g., 2-pyrazolyl),
isothiazolyl, 1,2,3-oxadiazolyl, 1,2,5-oxadiazolyl, 1,2,4-oxadiazolyl, 1,2,3-wiazolvl, 1,2,3-
thiadiazolyl, 1,3,4-thiadiazolyl, 1,2,5-thiadiazolyl, pyrazinyl, 1,3,5-triazinyl, and the
following bicycles: benzimidazolyl, benzofuryl, benzothiophenyl, benzopyrazinyl,
benzopyranonyl, indolyl (e.g., 2-indolyl), purinyl, quinolinyl (e.g., 2-quinolinyl, 3-quinotinyl,

4-quinolinyl)}, and isoquinolinyl {e.g., 1-isoquinolinyl, 3-isoquinolinyl, or 4-isoquinolinyl).

Stable GC-C Receptor Agonist Polypeptide Formulations

The formulations used in the method contain a GC-C receptor agonist polypeptide
such as linaclotide, a pharmaceutically acceptable salt thereof, or a polypeptide as disclosed
in any of US 7,304,036, US 7,371,727, WO 02/78683, WO 2004/069165, WO2005/087797,
WO 2007/022531, WO2005/016244, WOR20035/074575, WO2006/102069, WO2008/002871,
WO2008/106420, WO 2008/1373 18, WOR0D2/078683, W 2006/086653, WO
2007/101138, WO 2008/151257, UST041786, and WO 2007/101161.

The solid, stable formulations used in the invention contain a GC-C receptor agonist
polypeptide as described in any of the above documents or linaclotide or a pharmaceutically
acceptable salt of linaclotide. The formulations are stable and have a sufficient shelf life for
manufacturing, storing and distributing the drug. For example, the formulations have an
expected shelf life of at least 12 months at room temperature storage conditions (e.g., 25°C/60
percent relative humidity (RH)) and up to at least 18 months or 24 months at room
temperature storage conditions (e.g., 25°C/60 percent RH). In the formulations, greater than
or equal to 95 percent of the original amount of linaclotide in the composition remains after
three months when packaged samples are stored at accelerated conditions (40°C/75 percent
RH) when assessed in an assay on a weight/weight basis as determined by high pressure
liquid chromatography (HPLC) against a linaclotide reference standard.

The GC-C receptor agonist polypeptide formulations are prepared from a solution,
e.g., an aqueous solution (“the coating solution™), comprising: (i) a GC-C receptor agonist
polypeptide such as linaclotide or a pharmaceutically acceptable salt thereof; (i) a cation
selected from Mg®’, Ca™, Zo**, Mn™, K*, Na" and AI** and/or a sterically hindered primary
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amine {¢.g., leucine); and optionally (iil) a pharmaceutically acceptabie binder. The GC-C
receptor agonist polypeptide formulations can optionally include one or more of: a
pharmaceutically acceptable glidant, a pharmaceutically acceptable lubricant or a
pharmaceutically acceptable additive that acts as both a glidant and lubricant.

It has been found that a cation selected from Mg, Ca®*, Zn®", Mn™, K*, Na* and
Al**is useful for suppressing the formation of an oxidation product of the GC-C receptor
agonist polypeptide linaclotide during storage. It has also been found that a sterically
hindered primary amine is useful for suppressing the formation of a formaldehyde imine
adduct of the GC-C receptor agonist polypeptide linaclotide (“formaldehyde imine product™)
during storage. Thus, the GC-C receptor agonist polypeptide formulations comprising a
cation selected from Mg, Ca®™, Zn®*, Mn®*, K*, Na* or Al**--that is, a divalent cation
selected from Zn®*, Mg®* and Ca®*—-and/or a sterically hindered primary amine, such as an
aming acid, have a sufficient shelf life (as measured by chromatographic purity and/or by a
weight/weight assay) for manufacturing, storing and distributing the drug. Further, while the
presence of a sterically hindered amine alone can increase the formation of a hydrolysis
product of linaclotide during storage, the combination of a sterically hindered primary amine
and a cation, e.g., the combination of leucine and Ca®, suppresses the formation of the
hydrolysis product of the GC-C receptor agonist polypeptide as well as the oxidation product
of GC-C receptor agonist polypeptide during storage, leading o an even greater overall
stability as determined by a weight/weight assay and/or by chromatographic purity.

GC-C receptor agonist polypeptide formulations are typically produced as follows.

Preparation of the Coating Solution: Approximately 32 g to 42 g of purified water is
mixed with hydrochloric acid to create a solution with a pH between 1.5 and 2.0. The cation,
if used, is added 1o the solution in a quantity {o provide the desired concentration, and the
solution is mixed for sufficient time to produce a clear solution. The sterically hindered
primary amine, if used, is added to the solution in a quantity to provide the desired
concentration, and the solution is mixed for sufficient time to produce a clear solution. Other
additives, such as antioxidants, are then added, if desired. The pH of the solution is tested,
and hydrochloric acid is added, if necessary, to produce a solution having a pH between 1.5
and 2.0. The binder is then added to the solution and the mixture is then stirred for sufficient
time to achieve a clear solution. The desired amount of linaclotide is added to the solution
and mixed for 30-100 minutes to provide the coating solution.

Preparation of the Active Beads: Approximately 30-36 g of dried microcrystalline

cellulose beads are added to a Mini Column Fluid Bed Coater. The microcrystalline cellulose
7
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beads are fluidized and heated prior to layering. Next, the coating solution is layered to the
beads. The spraying temperature is controlled between 24°C and 55°C by controlling inlet
temperature, spray rate, atomization pressure, and air volume. After the entire coating
solution is layered to the beads, the beads are dried. The product of this process is referred to
as active beads,

Preparation of Active Beads with Protective Coating (Optional): Approximately 35 g

of Active Beads are added to a Mini Column Fluid Bed Coater. The Active Beads are
fluidized and heated prior to coating with Aquacoat (e.g. Aquacoat Ethylcellulose Aguaeous
Dispersion, 13% w/w, FMC Biopolymer, ECD-30), Eudragit (e.g. Eudragit E PO PE-EL,
Roehm Pharma Polymers} or Opadry (e.g Opadry AMB dispersion, 20% wiw, Colorcon).
Next, the coating solution is layered to the beads. The spraying temperature is controlled
between 24°C and 55°C by controlling inlet temperature, spray rate, atomization pressure,
and air volume. After the entire coating solution is layered to the beads, the beads are dried.
Formulation Scheme B

Preparation of the Coating Solution: Approximately 8.3 kg of purified water is mixed

with hydrochloric acid o create & solution with a pH between 1.5 and 2.0. The cation, if
used, is added to the solution in a quaniity to provide the desired concentration, and the
solution is mixed for sufficient time to produce a clear solution. The sterically hindered
primary amine, if used, is added to the solution in a quantity to provide the desired
concentration, and the solution is mixed for sufficient time to produce a clear solution. Other
additives, such as antioxidants, are then added, if desired. The binder is then added to the
solution and the solution is mixed for sufficient time to achieve a clear solution. The pH of
the solution is tested, and hydrochloric acid is added if necessary to produce a solution having
a pH between 1.5 and 2.0. This is Solution 1. Approximately 8.3 kg of purified water is
mixed with hydrochloric acid to create a solution with a pH between 1.5 and 2.0. The desired
amount of linaclotide is added to the solution and mixed for 10 to 30 minutes. The pH of the
solution is tested, and hydrochloric acid is added if necessary to produce a solution having a
pH between 1.5 and 2.0. This is Solution 2. Solution 1 and Solution 2 are then mixed
together. The pH of the solution is tested, and hydrochloric acid is added if necessary to
produce a solution having a pH between 1.5 and 2.8. This is the coating solution.

Preparation of the Active Beads: Approximately 24.19 kg of microcrystalline
cellulose beads are added to a Wurster Column of a Glatt GPCG-30 Fluid Bed. The

microcrystailine cellulose beads are fluidized and heated to product temperature of 45-47°C,
Next, the coating solution is layered to the beads. The product spraying temperature is
8
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conirolled between 37°C and 47°C by controlling inlet temperature, spray rate, atomization
pressure, and air volume. After the entire coating solution is layered to the beads, the beads
are dried with a product drving temperature of 37°C to0 47°C. The product of this process is

referred to as active beads.

Indications

The GC-C receptor agonist polypeptide formulations can be used to treat a variety of
disorders in patients. Typically, the patient is suffering from: a disorder selected from the
group consisting of gastrointestinal motility disorders, chronic intestinal pseudo-obstruction,
colonic pseudo-obstruction, ducdenogastric reflux, dyspepsia, functional dyspepsia, nonulcer
dyspepsia, a functional gastrointestinal disorder, functional heartburn, gastroesophageal
reflux disease (GERD), gastroparesis, irritable bowel syndrome (e.g., constipation-
predominant irritable bowel syndrome (c-IBS) and/or alternating irritable bowel syndrome (a-
IBS)), post-operative ileus, chronic constipation, constipation, pain associated with
constipation, and disorders and conditions associated with constipation (e.g., constipation
associated with use of opiate pain killers, post-surgical constipation, and constipation
associated with neuropathic disorders as well as other conditions and disorders described
herein}; and colonic pseudo-obstruction. In a further embodiment, the patient has been
diagnosed with irritable bowel syndrome (e.g. (e.g. diarrhea predominant-IBS, constipation
predominant-IBS, and/or alternating-IBS), according to the Rome Criteria (e.g. Rome II).

The dose range of the GC-C receptor agonist polypeptide (specifically linaclotide) for
adult humans is generally from 25 pg to 6 mg per day orally. In one embodiment, the dose
range is 25 pg to 2 mg per day orally of linaclotide. In a further embodiment, the dose range
for adult humans is 30 pg to 1 mg per day orally of linaclotide (e.g., 50 g, 67.5 ug, 100 ug,
£33 pg, 150 ug, 200 pg, 250 ug, 266 ug, 300 pg, 350 ug, 400 ug, 450 ug, 500 pg, 550 ug,
600 pg, 650 pg, 700 ug, 750 ug, 800 pg, 850 pug, 900 ug, 950 ug or | mg). In vet a further
embodiment, the dose range is 100 ug to 600 ug per day orally of linaclotide. In other
embodiments, the dose is 50 ug, 67.5 ug, 100 pg, 133 ug, 150 pg, 200 ug, 266 ug, 300 pg,
400 ug, 500 pg or 600 ug linaclotide per day orally.

Methods
In one embodiment, the invention provides a method of decreasing the
pharmacodynamic effect of a GC-C receptor agonist polypeptide formulation which is
administered to a subject in need of such treatment, comprising administering the GC-C
9
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receptor agonist polypeptide formulation to the subject before the ingestion of food. Ina
further embodiment, the GC-C receptor agonist formulation comprises a GC-C receptor
agonist polypeptide, a pharmaceutically acceptable carrier, and one or more agents selected
from a cation selected from Mg”*, Ca™, Zn®", Mn™, K*, Na* and AP* and a sterically
hindered primary amine. In yet a further embodiment, the GC-C receptor agonist polypeptide
is linaclotide.

It has been found that the pharmacodynamic effect of a GC-C receptor agonist
polypeptide {e.g., linaclotide) may be modulated by administering the polypeptide either
before the ingestion of food or with food (e.g., with a meal or soon after ingesting a meal).
Thus, the pharmacodynamic effect of the GC-C receptor agonist polypeptide (e.g.,
linaclotide) may be adjusted according the therapeutic needs of the subject in a beneficial
manner, ¢.8., the pharmacodynamic effect may be modulated to improve one or more
therapeutic indices or outcomes or,to decrease one or more undesired outcomes in a subject.
Specifically, it has been found that administering a GC-C receptor agonist polypeptide (¢.g.,
linaclotide) before the ingestion of food decreases the pharmacodynamic effect of the
polypeptide, thus decreasing the risk of potential side effects {e.g., loose stools or diarthea).
Conversely, one may administer a GC-C receptor agonist polypeptide to increase the
pharmacodynamic effect of the polypeptide if a greater therapeutic effect is desired

“Before the ingestion of food” means prior to cating; that is, 15 mimses, 30 minutes,
43 minutes, 60 minutes, 2Zhours, 4, hours, 6 hours & howrs, 10 hours, 12 hours, and up to 24
hours before the ingestion of food. Administration of the formulation prior to the
consumption of food decreases the pharmacodynamic effect of the GC-C receptor agonist
polypeptide while minimizing potential adverse events. These adverse events may include,
for example, loose stools. “Before the ingestion of food™ also means the GC-C receptor
agonist polypeptide formulation is administered on an empty stomach.

Thus, in one aspect, the GC-C receptor agonist polypeptide formulation is
administered 15 minutes to 4 hours before the ingestion of food.

In another aspect, the GC-C receptor agonist polypeptide formulation is administered
to the subject from 15 minutes to 24 hours before the ingestion of food.

In another aspect, the GC-C receptor agonist polypeptide formulation is administered
at feast 13 minutes before the ingestion of food.

In another aspect, the GC-C receptor agonist polypeptide formulation is administered

to the subject 30 minutes to 8 howrs before the ingestion of food.

g
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In another aspect, the GC-C recepior agonist polypeptide formulation is administered
to the subject 30 minutes before the ingestion of food.

In another aspect, the GC-C receptor agonist polvpeptide formulation is administered
o the subject at least 30 minutes before the ingestion of food.

Thus, in ancther aspect, the GC-C receptor agonist polypeptide formulation is
administered to the subject 45 minutes before the ingestion of food.

Thus, in another aspect, the GC-C receptor agonist polypeptide formulation is
administered to the subject 60 minutes before the ingestion of food.

In ancther aspect, the GC-C receptor agonist polypeptide formulation is administered
to the subject 30 minutes to § hours before the ingestion of food.

I another aspect, the GC-C receptor agonist polypeptide formulation is administered
to the subject 1 hour to 18 hours before the ingestion of food.

In another aspect, the GC-C recepior agonist polypeptide formulation is administered
to the subject 4 to 12 hours before the ingestion of food.

In another aspect, the GC-C receptor agonist polypeptide formulation is administered
to the subject 1 to 8 hours before the ingestion of food.

In another aspect, the GC-C receptor agonist polypeptide formulation is administered
o a subject having an empty stomach.

In a further embodiment of the above aspects, the GC-C receptor agonist polypeptide
is linaclotide or a pharmaceutically acceptable salt thereof,

In a further aspect, the pharmacodynamic effect is measured by the Bristol Stool Form
Scale (BSFS), the number of spontaneous bowel movements (SBM) in a given time period
and/or the number of complete SBM (CSBM) in a given time period. A decrease in the
pharmacodynamic effect may be measured by a decrease in the BSFS, SBM or CSBM when
the GC-C receptor agonist polypeptide formulation is administered to a subject before the
ingestion of food (¢.g.. at least 15 minutes, at least 30 minutes, at least 45 minutes, at least
one hour or at least two hours before the ingestion of food or at least four hours, at least eight
hours, at least ten hours or at least 12 hours after a prior ingestion of food) compared to the
pharmacodynamic effect of the GC-C receptor agonist polypeptide formulation when it is
administered to a subject with foed (e.g., a meal) or shortly after ingestion of food (e.g.,
within 13 minutes, within 30 minutes, within 90 minutes or within two hours after ingestion
of food).

In another aspect, the pharmacodynamic effect results in a lower score on the Bristol
Stool Form Scale (BSFS) when the formulation is administered to the subject before

i1
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ingestion of food as compared (o when the formulation is administered to the subject with
food or shortly after ingestion of food,

In another aspect, the pharmacodynamic effect results in fewer spontanecus bowel
movements (SBM) in a time period (e.g., a 24 hour period, three day time period, seven day
time period, two week time period or four week time period) when the formulation is
administered to the subject before ingestion of food as compared to when the formulation is
administered to the subject with food or shortly after ingestion of food.

In another aspect, the pharmacodynamic effect results in fewer spontaneous bowel
movements in a time period (e.g., a 24 hour period) when the formulation is administered to a
subject before ingestion of food as compared to when the formulation is administered to the
subject with food or shortly after ingestion of food.

In another aspect, the pharmacodynamic effect results in fewer complete spontaneous
bowel movernents (CSBM) in a time period (e.g., a 24 hour period, three day time period,
seven day time pericd, two week time period or four week time period) when the formulation
is administered to the subject before ingestion of food as compared to when the formulation
is administered to the subject with food or shortly afier ingestion of food.

In another aspect, the pharmacodynamic effect results in a lower score on the Bristol
Stool Form Scale (BSFS), fewer spontancous bowel movements (SBM) in a time period (e g,
a 24 hour period, three day time period, seven day time period, two week time period or four
week time period), and fewer complete spontaneous bowel movements (CSBM) in a time
period {(e.g., a 24 hour period, three day time period, seven day time period, two week time
period or four week time period) when the formulation is administered to the subject before
ingestion of food as compared to when the formulation is administered to the subject with
food or shortly after ingestion of food.

In another aspect, the pharmacodynamic effect results in a lower score on the Bristol
Stool Form Scale (BSFS) and fewer spontaneous bowel movements (SBM) in a time period
(e.8.. a 24 hour period, three day time period, seven day time period, two week time period or
four week time period}, when the formulation is administered to a subject who has not eaten
as compared to said subject before ingestion of food as compared to when the formulation is
administered to the subject with food or shortly after ingestion of food.

In another aspect, the pharmacodynamic effect results in a lower score on the Bristol
Stool Form Scale (BSFS) and fewer complete spontaneous bowel movements (CSBM) in a
time period (e.g., a 24 hour period, three day time period, seven day time period, two week
time period or four week time period), when the formulation is administered to a subject
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before ingestion of food as compared to when the formulation is administered to the subject
with food or shortly after ingestion of food. _

In another aspect, the pharmacodynamic effect results in fewer SBM in a time period
{e.g.. a 24 hour period, three day time period, seven day time period, two week time period or
four week time period) and fewer CSBM in a time period (e.g., a 24 hour period, three day
time period, seven day time period, two week time period or four week time period) when the
formulation is administered to a subject before ingestion of food as compared to when the
formulation is administered to the subject with food or shortly after ingestion of food.

As indicated previously, the GC-C receptor agonist polypeptide formulation of the
invention method comprises a GC-C receptor agonist polypeptide, a pharmaceutically
acceptable carrier, and one or more agents selected from a cation and a sterically hindered
prisvary amine.

In one aspect, the GC-C receptor agonist polypeptide is selected from linaclotide and
any of the polypeptides disclosed in any of US 7,304,036, US 7,371,727, WO 02/78683, WO
20047069165, WO2005/087797, WO 2007/022531, WO2005/016244, WO2005/4)74575,
WO2006/ 102069, WO2008/00297 1, WO2008/106429, WO 2008/137318, WO2002/078683,
WO 2006/086633, WO 2007/101158, WO 2008/151257, UST041786, and WO 2007/101161.

More particularly, the polypeptide is selected from the group consisting of:
CCEFCCNPACTGCY (SEQ ID NO: 2}, CCEFCCHNPACTGC (SEQ ID NO: 3),
CCEICCNPACTGCY (SEQ ID NO: 4), CCEICCNPACTGC (SEQ ID NO: 5),
CCELCCNPACTGCY (SEQ ID NO: 6), CCELCCNPACTGC (SEQ ID NO: 73,
CCEWCCNPACTGLY (SEQ D NG B), CCEWCUNPACTGC (SEQ ID NO: 93,
CCEYCCNPACTGC (SEQ ID NO: 10), PGTCEICAYAACTGC (SEQ ID NO: 11,
NDDCELCYNVACTGCL (SEQ ID NO: 12), NDECELCYNVACTGCL (SEQ ID NO: 13),
and CCEYCCNPACTGCY (SEQ ID NO: 14).

Mote particularly, the GC-C receptor agonist polypeptide is linaclotide.

In another aspect, the agent is cation selected from the group consisting of Mg, Ca”*,
Zn™*, Mn™, K¥, Na* and AI*,

In ancther aspect, the Mgz‘e', Ca*, 7n*", Mn®, K, Na* or A" is provided as
magnesium acetate, magnesium chloride, magnesium phosphate, magnesium sulfate, calcium
acetate, calcium chloride, calcium phosphate, calcium sulfate, zinc acetate, zinc chioride, zing
phosphate, zinc sulfate, manganese acetate, manganese chloride, manganese phosphate,

manganese sulfate, potassium acetate, potassium chloride, potassium phosphate, potassium
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sulfate, sodium acetate, sodium chloride, sodium phosphate, sodium sulfate, aluminum
acetate, aluminum chloride, aluminuem phosphate or aluminum sulfate,

More particularly, the Mg, Ca®*, Zn®, Mn®™, K*, Na* or A" is provided as
magnesium chioride, calcium chioride, calcium phosphate, calcim sulfate, zinc acetate,
manganese chioride, potassium chloride, sodium chioride or aluminum chloride.

In another aspect, the agent is Mg®*, Ca™ or Zn*".

More particularly, the Mg™*, Ca® or Zn®* is provided as magnesium chloride, calcium
chloride or zinc acetate.

More particularly, the agent is Ca®*.

More particularly, the Ca®* is provided as calcium chloride.

In another aspect, the agent is a sterically hindered primary amine.

More particularly, the sterically hindered primary amine is an amino acid.

More particularly, the amino acid is a naturally-occurring amino acid,

More particularly, the naturally-occurring amino gcid is histidine, phenyialanine,
alanine, glutamic acid, aspartic acid, glutamine, leucine, methionine, asparagine, tyrosine,
threonine, isoleucine, tryptophan, glycine or valine,

More particularly, the naturally-occurring amino acid is leucine, isoleucine, alanine or
methionine.

More particularly, the naturally~occurring amino acid is leucine or methionine.

More particularly, the naturally-occurring amino acid is leucine.

Alternatively, the sterically hindered primary amine is a non-naturally occurring
armino acid,

More particularly, the non-naturally occurring amino acid is 1-aminocyclohexane
carboxylic acid.

Alternatively, the sterically hindered primary amine has the formula: , wherein R, R,
and R; are independently selected from: H; ~C{OYOH; C-Cs alkyl, optionally substituted by
~COxH, ~CONH,, or a 3-10 membered aryl or heteroaryl; C-Cy alkoxyalkyl; or €;-Cs
thioalkoxyalkyl, wherein any of the alkyl or aryl groups above can be singly or multiply
substituted with halogen or ~-INH;, and provided that no more than two of Ry, R and R are FL

In a further embodiment, no more than one of By, Ky and B3 is H
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More particularly, the sterically hindered primary amine has the formula:

ﬁ!\kﬁﬁ

NHz | wherein Ry, R, and R; are independently selected from: H; ~C(OYOH; C;-Cs
alkyl; Cy-Cs alkoxyalkyl; or Ci-Cg thicalkoxyalkyl, wherein any of the alkyl or aryl groups
above can be singly or multiply substituted with halogen or ~-NH;, and provided that no more
than two of R, R and R are H. In a further embodiment, no more than one of Ry, Ry and By
is H.

More particularly, the sterically hindered primary amine has the formula;

He
Rh\\Lifag

NHz  wherein Ry, R; and R; are independently selected from: H; ~C(O)OH; C-Cs
alkyl; Ci-Ce alkoxyalkyl; or C-Cq thioalkoxyalkyl, and provided that no more than two of
By, Rz and Ryare H. In a further embodiment, no more than one of By, B, and Riis FL

In another embodiment, the sterically hindered primary amine is cyclohexylamine or
2-methylbutylamine.

In another embodiment, the sterically hindered primary amine is chitosan.

In any of these aspects and embodiments, the GC-C receptor agonist polypeptide may
be linaclotide.

In another aspect, the GC-C receptor agonist polypeptide formulation used in the
method comprises a cation selected from Mg, Ca™', Zn®*, Mo, K*, Na* and Al™ and a
sterically hindered primary amine.

More particularly, the Mg®*, Ca®", Zn®", Me™, X*, Na" or AP is provided as
magnesium acetate, magnesium chloride, magnesium phosphate, magnesium sulfate, calcium
acetate, calcium chloride, calcium phosphate, calcium sulfate, zine acetate, zinc chioride, zinc
phosphate, zinc sulfaie, manganese acetate, manganese chioride, manganese phosphaie,
manganese sulfate, potassium acetate, potassium chloride, potassiuvm phosphate, potassium
sulfate, sodium acetate, sodium chloride, sodium phosphate, sodivm sulfate, aluminum
acetate, aluminum chioride, aluminum phosphate or aluminum sulfate.

More particularly, the Mg®*, Ca™, Zn®*, Mn**, K*, Na* or AP is provided as
magnesium chloride, calcium chloride, calcium phosphate, calcium sulfate, zinc acetate,
manganese chioride, potassium chioride, sodium chloride or aluminum chioride.

More particularly, the cation is selected from Mg?*, Ca®* or Zn™".
13
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More particularty, the Mg™, Ca® or Zn®* is provided as magnesium chioride, calcium
chloride or zinc acetate.

More particularly, the cation is Ca™,

More particularly, the Ca®*is provided as calcium chioride.

More particularly, the sterically hindered primary amine is an amino acid.

More particularly, the amino acid is a naturally-cccurring amino acid.

More particularly, the naturally-cccurring amino acid is histidine, phenylalanine,
alanine, glutamic acid, aspartic acid, ghutamine, leucine, methionine, asparagine, tyrosine,
threonine, isocleucine, trypilophan, glycine or valine.

More particularly, the naturally-occurring amine acid is leucine, isoleucine, alanine or
methionine.,

More particularly, the naturally-occurring amino acid is leucine or methionine.

More particularly, the naturally-ccrcurring amino acid is leucine.

Alternatively, the sterically hindered primary amine is a non-naturally oecurring
amino acid.

More particularly, the non-naturally occurring amino acid is {-aminocyclohexane
carboxylic acid,

Alternatively, the sterically hindered primary amine has the formula: , wherein Ry, R,
and R; are independently selected from: H; ~C(OYOH; U)-Cg alkyl, optionally substituted by
~CO:H, ~CONH;, or a 5-10 membered aryl or heteroaryl; C;-Cs alkoxyalkyl; or C;-Cs
thicalkoxyalkyl, wherein any of the alkyl or aryl groups above can be singly or multiply
substituted with halogen or ~NH,, and provided that no more than two of By, Ry and Ry are HL

In a further embodiment, no more than one of B, By and By is H.

More particularly, the sterically hindered primary amine has the formula:
Ra

Ry \\%/ Rq

NHa  wherein Ry, Ry and R; are independently selected from: H; =C(OYOH: C1-Cs
alkyl; C1-Cs alkoxyalkyl: or C-Cs thicalkoxyalkyl, wherein any of the alkyl or aryl groups
above can be singly or multiply substituted with halogen or ~NHy, and provided that no more

than two of Ry, Ry and Ryare H. In a further embodiment, no more than one of By, By and By
s H.
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More particularly, the sterically hindered primary amine has the formula:
Ry

Hi\\k/ﬁa

NHy  wherein Ri, R; and R; are independently selected from: H; ~C{OYOH: Ci-Cy
alkyl; C-Cy atkoxyalkyl; or C-Cg thicalkoxyalkyl, and provided that no more than two of
Ry, Ryand Raare H. In 2 further embodiment, no more than one of By, Ry and Ry is HL

In another embodiment, the sterically hindered primary amine is cyclohexylamine or
2-methylbutylamine.

in another embodiment, the sterically hindered primary amine is chitosan.

In any of these aspects or embodiments, the GC-C receptor agonist polypeptide may
be linaclotide,

In these aspects, the GC-C recepior agonist polypeptide formulation additionally
comprises a pharmaceutically acceptable binder. In particular, the pharmaceutically
acceptable binder is selected from polyvinyl alcohol, polyvinylpyrrolidone (povidone), a
starch, maltodexirin or g cellulose ether. More particularly, the pharmaceutically acceptable
binder is a cellulose ether which may be selected from: methylcellulose, ethylcellulose,
carboxymethylceliulose, hydroxyethyl celiulose, hydroxyethy! methylcellulose,
hydroxypropyl cellulose and hydroxypropyl methylceliulose.

in these aspects, the GC-C receptor agonist polypeptide formulation additionally
comprises a pharmaceutically acceptable glidant, lubricant or additive that acts as both a
glidant and lubricant,

In these aspecis, the GC-C receptor agonist polypeptide formulation additionally
comprises an antioxidant. In particular, the antioxidant is BHA, vitamin E or propy! gallate.

In these aspects, the GC-C receptor agonist polypeptide formulation additionally
comprises g pharmaceutically acceptable filler. In particular, the pharmaceutically accepiable
filler is cellulose, isomalt, mannitol or dibasic calcium phosphate,

More particularly, the cellulose used in the filler is selected from microfine cellulose
and microcrystalline cellulose. More particularly, the pharmaceutically acceptable filler
comprises particles having an average diameter between 150 ym and 1000 pm.

In another aspect, the sterically hindered primary amine is leucine and the cation is
Ca™,

In another aspect, the molar ratio of Ca®* to leucine is at least 1:1.

More particularly, the molar ratio of Ca®* to leucine is at least 1.5:1.
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3847



WO 2011/020054 PCT/US2010/045518

More particularly, the molar ratio of Ca® to leucine is at least 2:1.

In this aspect, the sterically hindered amine is leucine and the molar ratio of leucine to
GC-C receptor agonist polypeptide is at least 10:1.

More particularly, the molar ratio of leucine to GC-C recepior agonist polypeptide is
at least 20:1.

More particularly, the molar ratio of leucine to GC-C receptor agonist polypeptide in
the pharmaceutical composition is at least 30:1.

In the GC-C receptor agonist polypeptide formulations comprising a filler, the weight
ratio of GC-C receptor agonist polypeptide to pharmaceutically acceptable filler is between
1:25 and 1:2,500.

More particularly, the weight ratio of GC-C receptor agonist polypeptide to
pharmaceutically acceptable filler is between 1:100 and 1:2000.

More particularly, the weight ratio of GC-C receptor agonist polypeptide to
pharmaceutically acceptable filler is between 1:100 and 1;1000.

In the GC-C receptor agonist polypeptide formulations, comprising a cation and a
sterically hindered primary amine, the molar ratio of cation:sterically hindered primary
amine:GC-C receptor agonist polypeptide is 40-109:20-50:1.

More particularly, when the cation is Ca** and the sterically hindered primary amine
is leucine, the molar ratio of Ca”":leucine:GC-C receptor agonist polypeptide is 100:30:1,
80:40:1, 80:30:1, 80:20:1, 60:30:1, 60:20:1, 50:30:1, 50:20:1, 40:20:1, 20:20:1, 10:10:3,
1:5:1, 5:10:1 or 5:5:1.

More particularly, the molar ratio of Ca*":leucine:GC-C receptor agonist polypeptide
is 60:30:1.

More particularly, the cation is provided as CaCl,,

In any of these aspects or embodiments, the GC-C receptor agonist polypeptide may
be linaclotide.

In another aspect, the GC-C receptor antagonist formulation is in the formof a
capsule or tablet,

In particular, each capsule or tablet comprises 50 ug to 1 mg GC-C receptor agonist
polypeptide.

More particularly, each capsule or tablet comprises 100 ug, 150 ug, 200 ug, 300 ug,
400 ug, 500 pug or 600 pg GC-C receptor agonist polypeptide.
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In some embodiments, each capsule or tablet comprises 50 ug to I mg linaclotide. In
some embodiments, each capsule or tablet comprises 100 pug, 133 pg, 150 ug, 200 pug, 266
ug, 300 pg, 400 pg, 500 pg or 600 pg linaclotide.

In another aspect, the subject in need of such treatment is suffering from a disorder
selected from the group consisting of gastrointestinal motility disorder, chronic intestinal
pseudo-obsiruction, colonic pseudo-obstruction, duodenogastric reflux, dyspepsia, functional
dyspepsia, nonulcer dyspepsia, functiona! gastrointestinal disorder, functional heartbum,
gastroesophageal reflux disease (GERD), gastroparesis, irritable bowel syndrome, post-
operative ileus, and constipation.

In another aspect, the subject in need of treatment is suffering from irritable bowel
syndrome with constipation (IBS-c) or alternating IBS (IBS-a).

In another aspect, the subject in need of reatment is suffering from irritable bowel
syndrome with constipation (IBS-c). In this aspect, a once daily effective amount of the
pharmaceutical formulation described herein is administered to the patient. In various
aspects, the pharmaceutical formulation comprises 50 pg to 1 mg linaclotide (more
particularty, 100 pug, 133 pg, 130 ug, 200 pg, 266 ug, 300 ug, 400 ug, 500 ug or 600 ug
linaclotide; even more particularly 133 ug or 266 ug linaclotide) or another GC-C receptor
agonist polypeptide per unit dose per day. In other aspects, the pharmaceutical composition
is administered for a period of at least one day, two days, three days, four days, five days, six
days, one week, two weeks, three weeks, four weeks, twelve weeks or longer. In some
aspects, treatment with the linaclotide composition improves at least one symptom selected
from reduced abdominal pain, an increase in the number of complete spontaneous bowel
movements (C5BM) in a week, an increase in the number of spontaneous bowel movements
(SBM) in a week, improved stool consistency, reduced straining, reduced abdominal
discomfort, reduced bloating or reduced IBS-c symptom severity.

in another aspect, the subject in need of such treatment is suffering from constipation
{e.g., chronic constipation). In this aspect, a once daily effective amount of the
pharmaceutical formulation described herein is administered to the patient. In various
aspects, the pharmaceutical formulation comprises 50 pg to 1 mg linaclotide (more
particularly, 100 pg, 133 ug, 150 ug, 200 ug, 266 pg, 300 pg, 400 ug, 500 pg or 600 ug
linaclotide; even more particularly 133 pg or 266 ug linaclotide) or another GC-C receptor
agonist polypeptide per unit dose per day. In other aspects, the pharmaceutical composition
is administered for a period of at least one day, two days, three days, four days, five days, six
days, one week, two weeks, three weeks, four weeks, twelve weeks or longer. In some
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embodiments, treatment with the linaclotide composition improves at least one sympiom
selected from an increase in the number of complete spontanecus bowel movements (CSBM)
in a week, an increase in the number of spontaneous bowel movements (SBM) in a week,
improved stool consistency, reduced straining, reduced abdominal discomfort, reduced
bloating or reduced severity of constipation,

Stool consistency of each bowel movement (BM) may be monitored by the 7-point
Bristol Stool Form Scale (BSFS) (1 = hard lumps, 2 = lumpy sausage, 3 = cracked sausage, 4
= smooth sausage, 3 = soft lumps, 6 = mushy, 7 = watery). Straining may be monitored by
the 7-point Base of Passage Scale (1 = manual disimpaction/enema needed, 2 = severe
straining, 3 = moderate straining, 4 = mild straining, 5 = no straining, 6 = urgency, 7 =
incontinent). CSBM may be measured by the sensation of complete emptying after an SBM
{ves/no). Abdominal discomfort, bloating and severity of constipation may be measured
using, e.g., a S-point ordinal scale (1 = none, 2 = mild, 3 = moderate, 4 = severe, 5 = very
severe).

In another embodiment, the invention provides a method of decreasing the
pharmacodynamic effect of a GC-C receptor agonist polypeptide which is administered to a
subject in need of such treatment, comprising administering the GC-C receptor agonist
polypeptide to the subject before the ingestion of food.

In one aspect of this embodiment, the GC-C receptor agonist polypeptide is
administered to the subject 15 minutes to 4 hours before the ingestion of food.

In another aspect of this embodiment, the GC-C receptor agonist polypeptide is
administered to the subject 1 to 18 hours before the ingestion of food.

In another aspect of this embodiment, the GC-C receptor agonist polypeptide is
administered to the subject 4 to 12 hours before the ingestion of food.

In another aspect of this embodiment, the GC-C receptor agonist polypeptide is
administered to the subject 30 minutes to & hours before the ingestion of food.

In another aspect of this embodiment, the GC-C receptor agonist polypeptide is
administered to a subject having an empty stomach.

in another aspect of this embodiment, the GC-C receptor agonist polypeptide
formuldation is administered to the subject at least 15 minuies before the ingestion of food.

In another aspect of this embodiment, the GC-C receptor agonist polypeptide
formulation is administered to the subject at least 30 minutes before the ingestion of food.

In another aspect of this embodiment, the GC-C receptor agonist polypeptide
formulation is administered to the subject at least 1 hour before the ingestion of food.
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In another aspect of this embodiment, the GC-C receptor agonist polypeptide
formulation is administered to the subject at least 2 hours before the ingestion of food.

In ancther embodiment, the invention provides a method of increasing the
pharmacodynamic effect of a GC-C receptor agonist polypeptide which is administered to a
subject in need of such treatment, comprising administering the GC-C receptor agonist
polypeptide t© the subject afier a prior ingestion of food. In one embodiment, the GC-C
receptor agonist polypeptide is administered at least four hours, at least eight hours, at least
ten hours or at least 12 hours after a prior ingestion of food. In a further embodiment, the
GC-C receplor agonist polypeptide is administered on an empty stomach.

In any of these aspects or embodiments, the GC-C receptor agonist polypeptide may
be linaclotide.

In another aspect of this embodiment, the GC-C receptor agonist polypeptide is
administered as a formulation comprising the GC-C receptor agonist polypeptide and a
pharmaceutically acceptable excipient. In some embodiments, the GC-C receptor agonist
polypeptide is linaclotide.

In another aspect of this embodiment, the subject in need of such treatment is
suffering from a disorder selected from the group consisting of irritable bowel syndrome
(IBS) and constipation. In one aspect, the disorder is IBS, which is constipation-predominant
IBS (IBS-¢) or alicrnating 185 (IBS~a). More particularly, the disorder is IBS-c. In another
aspect, the subject in need of such wreatment is suffering from constipation. More
particularly, the disorder is constipation which is chronic constipation, idiopathic
constipation, post-operative ileus, or constipation caused by opiate use.

In another aspect of this embodiment, the formulation further comprises one or more
agents selected from a cation selected from Mg**, Ca®, Zn**, Mn?", K*, Na* and AP ora
sterically hindered primary amine.

In particular, the Mg®, Ca®™, Zs®, Mn®", K*, Na* or AI** is provided as magnesium
acetate, magnesium chloride, magnesium phosphate, magnesium sulfate, calcium acetate,
calcium chloride, calcium phosphate, calcium sulfate, zine scetate, zinc chloride, zine
phosphate, zinc sulfate, manganese acetate, manganese chloride, manganese phosphate,
manganese sulfate, polassium acetate, potassiwm chloride, potassium phosphate, potassium
sulfate, sodium acetate, sodium chioride, sodium phosphate, sodium sulfate, aluminum

acetate, aluminum chloride, aluminum phosphate or aluminum suifate.
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More particularly, the Mg™, Ca®, Zn*", Mn®", K*, Na* or AP is provided as
magnesium chloride, calcium chloride, calcium phosphate, calcium sulfate, zinc acetate,
manganese chloride, potassium chloride, sodium chloride or aluminum chioride.

More particularly, the cation is Mg®, Ca** or Zn**.

More particularly, the Mg?*, Ca®" or Zn® is provided as magnesium chloride, calcium
chioride or zinc acetate.

More particularly, the agent is Ca®*.

More particularly, the Ca’ is provided as calcium chloride.

Alternatively, the agent is a sterically hindered primary amine.

More particularly, the sterically hindered primary amine is an amino acid.

More particularly, the amino acid is a naturally-occurring amino acid.

More particularly, the naturally-occurring amino acid is histidine, phenylalanine,
alanine, glutamic acid, aspartic acid, glutamine, leucine, methionine, asparagine, tyrosine,
threonine, isoleucine, tryptophan, glycine or valine.,

More particularly, the naturally-occurring amino acid is leucine, isoleucine, alanine or
methionine.

More particularly, the naturally-occurring amino gcid is Jeucine or methionine.

More particularly, the naturally-occurring amino acid is leucine.,

Alternatively, the sterically hindered primary amine is a2 non-naturally occurring
armine acid.

Alternatively, the sterically hindered primary amine has the formula: , wherein Ry, Rz
and R; are independently selected from: H; ~C(O)YOH; C;-Cs alkyl, optionally substituted by
~COyH, ~CONH;, or a 5-10 membered aryl or heteroaryl; C,-Cs alkoxvalkyl; or C;-Cs
thioalkoxyalkyl , , wherein any of the alkyl or aryl groups above can be singly or multiply
substituted with halogen or ~NH», and provided that no more than two of Ry, Ry and Ry are H,

In a further embodiment, no more than one of Ry, Rz and Rais H.

More particularly, the sterically hindered primary amine has the formula:
R

Ri\\\}(ﬁ‘?

NH2 | wherein Ry, Ry and R; are independently selected from: H; ~C(CHOH: C-Cy
alkyl; C-Cs alkoxyalkyl or C-Cg thicalkoxyalkyl, wherein any of the alkyl or aryl groups

above can be singly or muitiply substituted with halogen or ~NH;, and provided that no more
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than two of Ky, R, and R; are F. In a further embodiment, no more than one of Ry, R; and Rs
is H.

More particularly, the sterically hindered primary amine has the formula:

R
Ry Ra

NH, , wherein Ry, R; and R; are independently selected from: H; ~C(O)YOH; C;-Cq
alkyl; Cy-Cs alkoxyalkyl; or Ci-Cs thicalkoxyalkyl, and provided that no more than two of
R, Rr and Rsare H. In a further embodiment, no more than one of By, B> and Ry is H.

In one aspect, the sterically hindered primary amine is cyclohexylamine or 2-
methylbutylamine.

In one aspect, the sterically hindered primary amine is chitosan.

In any of these aspects or embodiments, the GC-C receptor agonist polypeptide may
be linaclotide.

In another aspect, the GC-C receptor agonist polypeptide formulation used in the
method comprises a cation selected from Mg®, Ca®*, Zn®, Mn®", K*, Na* and A’ and a
sterically hindered primary amine.

More particularly, the cation Mg™, Ca®*, Zn*', Min®", K', Na* or AP is provided as
magnesium acetate, magnesium chloride, magnesium phosphate, magnesium sulfate, calcium
gcetate, calcium chloride, calcium phosphate, calcium sulfate, zine acetate, zinc chioride, zinc
phosphate, zinc sulfate, manganese acetate, manganese chloride, manganese phosphate,
manganese sulfate, potassium acetate, potassium chloride, potassium phosphate, potassium
sulfate, sodium acetate, sodivm chloride, sodium phosphate, sodium sulfate, aluminurm
acetate, aluminum chloride, aluminum phosphate or aluminum sulfate.

More particularly, the cation Mg?*, Ca?*, Zn®", Mn?", K*, Na* or Al™ is provided as
magnesium chloride, calcium chloride, calcium phosphate, calcium sulfate, zine acetate,
manganese chloride, potassium chloride, sodium chloride or aluminum chloride.

More particularly, the cation is selected from Mg®*, Ca?* and Zn”* and a sterically
hindered primary amine.

More particularly, the Mg®*, Ca** or Zn®" is provided as magnesium chioride, calcium
chloride or zinc acetate.

More particularly, the cation is Ca®™.

More particularly, the Ca® is provided as calcium chloride.

More particularly, the sterically hindered primary aming is an amine acid.
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More particularly, the amine acid is a naturslly-occcusrring amine acid.

More particularly, the naturally-occurring amine acid is histidine, phenylalanine,
alanine, glutamic acid, aspartic acid, glutamine, leucine, methionine, asparagine, tyrosine,
threonine, isoleucine, tryptophan, glycine or valine.

More particularly, the naturally-cccurring amino acid is leucine, isolencine, alanine or
methionine,

More particularly, the naturally-occurring amino acid is leucine or methionine.

Muore particularly, the naturally-occurring amino acid is feucine,

Alternatively, the sterically hindered primary amine is a non-naturally occurring
amino acid.

More particularly, the non-naturally ocowrring amino acid is [-aminocyclohexane
carboxylic acid.

Alternatively, the sterically hindered primary amine has the formula: , wherein Ry, By
and R; are independently selected from: H; ~C{OYOH; C;-Cs alkyl, optionally substituted by
~COGH, ~CONH;, or 3 5-10 membered aryl or heteroaryl; C-C alkoxyalkyl; or C;-Cs
thicalkoxyalkyl, wherein any of the alkyl or aryl groups above can be singly or multiply
substituted with halogen or -NH,, and provided that no more than two of Ry, R: and Rz are H.

It a further embodiment, no more than one of Ry, Ry and Ry is HL

More particularly, the sterically hindered primary amine has the formula:
Ry

R?\\kfﬁﬁ

NMz | wherein Ry, R; and R; are independently selected from: H; —~C(OYOH; C;i-Cs
alkyl; C;-Cs alkoxyalkyl; or C;-Cq thicatkoxyalkyl, wherein any of the alkyl or aryl groups
above can be singly or multiply substituted with halogen or ~NH,, and provided that no more
than two of Ry, Ry and Rs are H. In a further embodiment, no more than one of Ry, R; and Rs
is H.

More particularly, the sterically hindered primary amine has the formula:

&\\4<593
Nz wherein Ry, R; and R; are independently selected from: H; ~C{OYOH; C,-Cy

alkyl; C;1-Cs alkoxyalkyl; or C-Cy thicalkoxyalkyl, and provided that no more than two of

Ri, By and Ryare H. In a further embodiment, no more than one of By, B and By is H.
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in one aspect, the sterically hindered primary amine is cyclohexylamine or 2-
methylbutylamine.

In one aspect, the sterically hindered primary amine is chitosan,

In any of these aspects or embodiments, the GC-C receptor agonist polypeptide may
be linaclotide.

In these aspects, the GC-C receptor agonist polypeptide formulation additionally
comprises a pharmaceutically acceptable binder. In particular, the pharmaceutically
acceptable binder is selected from polyviny! alcohol, polyvinylpyrrolidone {povidone), a
starch, maltodexirin or a cellulose ether. More particularly, the pharmaceutically acceptable
binder is 3 cellulose ether which may be selected from: methylcellulose, ethylcellulose,
carboxymethyicellulose, hydroxyethyl cellulose, hydroxyethyl methylcelulose,
hydroxypropyl cellulose and hydroxypropy! methyiceliulose..

In these aspects, the GC-C receptor agonist polypeptide formulation additionally
comprises a pharmaceutically acceptable glidant, lubricant or additive that acts as both a
glidant and lubricant.

In these aspects, the GC-C receptor agonist polypeptide formulation additionally
comprises an antioxidant. In particular, the antioxidant is BHA, vitamin E or propyl gallate.

In these aspects, the GC-C receptor agonist polypeptide formulation additionally
comprises a pharmaceutically acceptable filler. In particuiar, the pharmaceutically acceptable
filler is cellulose, isomalt, mannito! or dibasic calcium phosphate,

More particularly, the cellulose used in the filler is selected from microfine cellulose and
microcrystalline cellulose. More particularly, the pharmaceutically acceptable filler
comprises particles having an average diameter between 150 pm and 1000 pm.

In another aspect, when the sterically hindered primary amine is leucine and the
cation is Ca”™,

In another aspect, the molar ratio of Ca®* to leucine is at least 1:1.

More particularly, the molar ratio of Ca** to leucine is at least 1.5:1.

More particularly, the molar ratio of Ca®* to leucine is at least 2:1.

In this aspect, the sterically hindered amine is leucine and the molar ratio of leucine to
GC-C receptor agonist polypeptide is at least 10:1.

More particularly, the molar ratio of leucine to GC-C receptor agonist polypeptide is
at least 2001,

More particularly, the molar ratio of leucine to GC-C receptor agonist polypeptide in
the pharmacsutical formulation is at least 30:1.
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In the GC-C receptor agonist polypeptide formulations comprising a filler, the weight
ratio of GC-C receptor agonist polypeptide to pharmaceutically acceptable filler is between
1:25 and 1:2,500.

More particularly, the weight ratio of GC-C receptor agonist polypeptide to
pharmacentically acceptable filler is between 1:100 and 1:2000.

More particularly, the weight ratio of GC-C receptor agonist polypeptide to
pharmacentically acceptable filler is between 1:100 and 1: 1000,

In the GC-C receptor agonist polypeptide fornmulations, comprising a cation and a
sterically hindered primary amine, the molar ratio of cation:sterically hindered primary
amineGC-C receptor agonist polypeptide is 40-100:20-50:1.

More particularly, when the cation is Ca®™ and the sterically hindered primary amine
is leucine, the molar ratio of Ca™:leucine:GC-C recepior agonist polypeptide is 100:30:1,
80:40:1, 80:30:1, 80:20:1, 60:30: 1, 60:20:1, 50:30:1, 50:20:1, 40:20:1, 20:20:1, 10:10:1,
10:5:1, 5:10:1 or 3:5:1.

More particularly, the molar ratio of Ca*":leucine:GC-C receptor agonist polypeptide
is 60:30:1.

More particularly, the cation is provided as CaCls,

In any of these aspects or embodiments, the GC-C receptor agonist polypeptide may
be linaclotide.

In another aspect, the GC-C receptor amtagonist formulation is in the form of a
capsule or tablet,

In particular, each capsule or tablet comprises 50 ug to 1 mg GC-C receptor agonist
polypeptide. In some embodiments, each capsule or table t comprises 530 ug to { mg

linaclotide.

More particularly, each capsule or tablet comprises 100 pg, 133 pg, 150 pg, 200 pg,
266 ug, 300 ug, 400 ug, 500 ug or 600 ug GC-C receptor agonist polypeptide. In some
embodiments, each capsule or tablet comprises 100 pg, 133 ug, 150 ug, 200 ug, 266 ug, 300
ug, 400 pg, 300 ug or 600 pg linaclotide.

More particularly, each tablet or capsule comprises:
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{a) Linaclotide;

(5} CaCl,=2H,0;

{c} L-Legcine; and

{d} Hydroxypropyl Methylcellulose
wherein linaclotide is present in the pharmaceutical composition in an amount between
100ug to 600 g and the molar ratio of Ca’*leucine:lnaclotide is between 5-100:5-50:1.

More particularly, linaclotide is present in the tablet or capsule in an amount of 133 or
266ug.

More particularly, CaCls is present in the tablet or capsule in an amount of 1541ug.

More particularly, leucine is present in the tablet or capsule in an amount of 687ug.

More particularly, hydroxypropyl methylcellulose is present in the tablet or capsule in
an amount of 700ug.

In another embodiment, the invention provides a method of decreasing the
pharmacodynamic effect of a GC-C receptor agonist polypeptide which is administered to a
subject in need of such treatment, comprising administering the GC-C receptor agonist
polypeptide to the subject a sufficient time period afier an ingestion of food

in one aspect of this embodiment, the GC-C receptor agonist polypeptide formulation
is administered to the subject at least 6 hours after the ingestion of food.

In another aspect of this embodiment, the GC-C receptor agonist polypeptide
formulation is administered to the subject at least 8 hours after the ingestion of food.

In another aspect of this embodiment, the GC-C receptor agonist polypeptide
formulation is administered 1o the subject at least 10 hours after the ingestion of food.

In another aspect of this embodiment, the GC-C receptor agonist polypeptide
formulation is administered to the subject at least 15 minutes before the ingestion of more
food.

In another aspect of this embodiment, the GC-C receptor agonist polypeptide
formulation is administered to the subject at least 30 minutes before the ingestion of more
food.

iIn another aspect of this embodiment, the GC-C receptor agonist polypeptide
formulation is administered to the subject at least 1 hour before the ingestion of more food.

In another aspect of this embodiment, the GC-C receptor agonist polypeptide
formulation is administered to the subject at least 2 hours before the ingestion of more food.

In these aspects, the GC-C receptor agonist polypeptide may be linaclotide.
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In another aspect of this embodiment, the subject in need of such treatment is
suffering from irritable bowel syndrome (IBS). More particularly the disorder is IBS, which
is constipation-predominant IBS (IBS-c) or alternating IBS (IBS-a). More particularly, the
disorder is IBS-c. Insome embodiments, the GC-C receptor agonist polypeptide is
linaclotide.

In another aspect of this embodiment, the subject in need of such treatment is
suffering from constipation. Movre particularly, the disorder is constipation which is chronic
constipation, idiopathic constipation, post-operative ileus, or constipation caused by oplate
use. In some embodiments, the GC-C receptor agonist polypeptide is linaclotide.

In these aspects, the GC-C receptor agonist polypeptide is administered as a
formulation comprising the GC-C receptor agonist polypeptide and a pharmaceutically
acceptable excipient.

In another embodiment, the invention provides a method of increasing the
pharmacodynamic effect of a GC-C receptor agonist polypeptide which is administered to a
subject in need of such treatment, comprising administering the GC-C receptor agonist
polypeptide to the subject with the ingestion of food or within two hours after the ingestion of
food.

In one aspect of this embodiment, the GC-C receptor agonist polypeptide is
administered with the ingestion of food.

In another aspect of this embodiment, the GC-C receptor agonist polypeptide is
administered with a meal.

In another aspect of this embodiment, the GC-C receptor agonist polypeptide is
administered within two hours afier the ingestion of food.

In another aspect of this embodiment, the GC-C receptor agonist polypeptide is
administered within one hour after the ingestion of food.

In another aspect of this embodiment, the GC-C receptor agonist polypeptide is
administered within 30 minutes after the ingestion of food.

In ancther aspect of this embodiment, the GC-C receptor agonist polypeptide is
administered within 15 minutes after the ingestion of food.

in ancther aspect of this embodiment, the GC-C receptor agonist polypeptide is
linaclotide.

in another aspect of this embodiment, the subject in need of such treatment is

suffering from irritable bowel syndrome (IBS). More particularly the disorder is IBS, which
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is constipation-predominant IBS (IBS-¢) or aliernating IBS (IBS-a). More particularly, the
disorder is IBS-c.

In another aspect of this embodiment, the subject in need of such treatment is
suffering from constipation. More particularly, the disorder is constipation which is chronic
constipation, idiopathic constipation, post-operative ileus, or constipation caused by opiate
use.

in another aspect of this embodiment, the GC-C receptor agonist polypeptide is
administered as a formulation comprising the GC-C receptor agonist polypeptide and a
pharmaceutically acceptable excipient.

In another aspect of this embodiment, the formulation further comprises one or more
agents selected from a cation selected from Mg?*, Ca®, Zn®", Mn®, K, Na* and At or a
sterically hindered primary amine.

In particular, the Mg, Ca™, Zn™, Mn™, K, Na* or A" is provided as magnesium
acetate, magnesium chloride, magnesium phosphate, magnesium sulifate, calcium acetate,
calcium chloride, calcium phosphate, calcium sulfate, zinc acetate, zinc chioride, zinc
phosphate, zinc sulfate, manganese acetate, manganese chioride, manganese phosphate,
manganese sulfate, potassium acetate, potassium chloride, potassium phosphate, potassium
sulfate, sodium acetate, sodium chloride, sodium phosphate, sodium sulfate, aluminum
acetate, aluminum chioride, aluminum phosphate or aluminum sulfate.

More particulasly, the Mg™, Ca?*, Zn™, Mn®", K*, Na* or A" is provided as
magnesium chloride, calcium chloride, calcium phosphate, calcium sulfate, zinc acetate,
manganese chioride. potassium chloride, sodium chloride or aluminum chloride.

More particularly, the cation is Mg”™, Ca™, Zn™,

More particularly, the Mg®*, Ca®* or Zn®" is provided as magnesium chloride, calciom
chioride or zinc acetate.

More particularly, the agent is Ca®™.

More particularly, the Ca”* is provided as calcium chloride.

Alternatively, the agent is a sterically hindered primary amine.

More particularly, the sterically hindered primary amine is an amino acid,

More particularly, the amino acid is a naturally-occusring amino acid.

More particularly, the naturally-occurring amino acid is histidine, phenylalanine,
alanine, glutamic acid, aspartic acid, glutamine, leucine, methionine, asparagine, tyrosine,

threonioe, iscleucine, trypiophan, glycine or valine.
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More particularly, the naturally-occurring amino acid is leucine, iscleucine, alanine or
methionine.

More particularly, the naturally-occurring amine acid is leucine or methionine,

More particularly, the naturally-occurring amine acid is leucine.

Alternatively, the sterically hindered primary amine is 2 non-naturally occurring
amino acid.

More particularly, the non-naturally eccurring amino acid is 1-aminocyclohexane
carboxylic acid,

Alternatively, the sterically hindered primary amine has the formula: , wherein Ry, B»
and R; are independently selected from: H; —~C(OyOH; C,-C; alkyl, optionally substituted by
~CO:H, ~CONH;, or a 3-10 membered aryl or heteroaryl; C;-Cy alkoxyalkyl; or C;-Ce
thicalkexyalkyl, wherein any of the alkyl or aryl groups above can be singly or multiply
substituted with halogen or -NHa, and provided that no more than two of By, Rz and Ryare H.

In a further embodiment, no more than one of By, B and R is B

More particularly, the sterically hindered primary amine has the formula:
Ra

Hh\\kiﬂﬁs

NH  wherein Ry, By and R; are independently selected from: H; —~C(OYOH; C,-Cs
alkyl; C,-Cs atkoxyalkyl; or C;-Cy thicalkoxyalkyl, wherein any of the alkyl or aryl groups
above can be singly or multiply substituted with halogen or ~NH;, and provided that no more
than two of Ry, K; and R; are H. In a further embodiment, no more than one of By, R and Rs
is H.

More particularly, the sterically hindered primary amine has the formula:

ah\\Lifﬁa

NH2 | wherein Ry, R; and R; are independently selected from: H; ~C(OYOH; C-Cy
alkyl; Ci-Cs alkoxyalkyl; or Ci-Cg thicalkoxyalkyl, and provided that no more than two of
R:. Ry and Rsare H. In a further embodiment, no more than one of By, Ry and Ry is H.

in some embodiments, the sterically hindered primary amine is cyclohexylamine or 2-
methylbutylamine.

In some embodiments, the sterically hindered primary amine is chitosan.

In some embodiments, the GC-C receptor agonist polypeptide is linaclotide.
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In another aspect, the GC-C receptor agonist polypeptide formulation used in the
method comprises a cation selected from Mg?*, Ca™*, Zn®, Mn™, K, Na* and A and &
sterically hindered primary amine.

More particularly, the Mg?, Ca™, Zn®", Ma®", K*, Na" or AP is provided as
magnesium acetate, magnesium chloride, magnesium phosphate, magnesium sulfate, calcium
acetate, calcium chloride, calcium phosphate, calcium sulfate, zinc acetate, zinc chloride, zinc
phosphate, zinc sulfate, manganese acetate, manganese chioride, manganese phosphate,
manganese sulfate, potassium acetate, potassium chioride, potassium phosphate, potassium
suifate, sodium acetate, sodium chioride, sodium phosphate, sodium sulfate, aluminum
acetate, aluminum chioride, aluminum phosphate or sluminum sulfate.

More particularly, the Mg, Ca™*, Zn®*, Ma™, X*, Na¥ or AP is provided as
magnesium chloride, calcium chioride, calcium phosphate, calcium sulfate, zinc acetate,
manganese chloride, potassium chloride, sodium chloride or aluminum chloride.

More particularly, the cation is Mg™, Ca™ or Za™".

More particularly, the Mg™, Ca®* or Zn™ is provided as magnesium chloride, calcium
chioride or zinc acetate.

More particularly, the cation is Ca®*.

More particularly, the Ca® is provided as calcium chloride.

More particularly, the sterically hindered primary amine is an amino acid,

More particularly, the amino acid is a naturally-occurring amine acid.

More particularly, the naturally-occurring amino acid is histidine, phenylalanine,
alanine, glutamic acid, aspartic acid, glutamine, leucine, methionine, asparagine, tyrosine,
threonine, isoleucine, tryptophan, glycine or valine.

More particularly, the naturally-occurring amino acid is leucine, isoleucine, alanine or
methionine.

More particularly, the naturally-occurring amino acid is leucine or methionine.

More particularly, the naturally-occurring amino acid is jeucine.

Alternatively, the sterically hindered primary amine is a non-naturally occusring
amino acid.

More particularly, the non-naturally occurring amino acid is 1-aminocyclohexane
carboxylic acid.

Alternatively, the sterically hindered primary amine has the formula: , wherein R, R»
and K; are independently selected from: H; ~C(O)YOH; C,-Cs atkyl, optionally substituted by
~CO,H, ~CONH, or a 3-10 membered ary! or heteroaryl; C;-Ce alkoxyalkyl; or C-Cs
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thicalkoxyalkyl, wherein any of the alkyl or aryl groups above can be singly or multiply
substituted with halogen or -NH;, and provided that no more than two of Ry, R, and Raare H.

In a further embodiment, no more than one of Ry, Ry and Ry is H.

More particularly, the sterically hindered primary amine has the formula:
Ry

Hi\\%,ﬁa

N, , wherein Ry, R; and R; are independently selected from: H; ~C(OOH; Ci-Cs
atkyl; Cy-Cs alkoxyalkyl; or C-Cq thicalkoxyalkyl, wherein any of the alkyl or aryl groups
above can be singly or multiply substituted with halogen or -NH,, and provided that no more
than two of Ry, Ry and Rz are H. In a further embodiment, no more than one of Ry, Rz and Rs
is H.

More particularly, the sterically hindered primary amine has the formula:

R, \\l< Ra

NH, , wherein R;, Ry and R; are independently selected from: H: ~C(OYOH; C-Cs
alkyl; Ci-Cs alkoxyalkyl; or C-Cs thicalkoxyalkyl, and provided that no more than two of
Ry, Ry and R are H. In a further embodiment, no more than one of By, B; and Ry is H.

In some embodiments, the sterically hindered primary amine is cyclohexylamine or 2-
methylbutylamine.

In some embodiments, the sterically hindered primary amine is chitosan.

In some embodiments, the GC-C receptor agonist polypeptide is linaclotide,

In these aspects, the GC-C receptor agonist polypepiide formulation additionally
comprises a pharmaceutically acceptable binder. In particular, the pharmaceutically
acceptable binder is selected from polyvinyl alcohol, polyvinylpyrrolidone (povidone), a
starch, maltodextrin or a cellulose ether. More particularly, the pharmaceutically acceptable
binder is a cellulose ether which may be selected from: methylceliulose, ethylcellulose,
carboxymethylcellulose, hydroxyethy! cellulose, hydroxyethyl methylcellulose,
hydroxypropyl cellulose and hydroxypropy! methyicellulose..

In these aspects, the GC-C receptor agonist polypeptide formulation additionally
comprises a pharmaceutically acceptable glidant, lubricant or additive that acts as both a

glidant and lubricant.
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in these aspects, the GC-C receptor agonist polypeptide formulation additionally
comprises an antioxidant. In particular, the antioxidant is BHA, vitamin E or propy! gallate.

In these aspects, the GC-C receptor agonist polypeptide formulation additionally
comprises a pharmaceutically acceptable filler. In particular, the pharmaceutically acceptable
filler is cellulose, isomalt, mannito! or dibasic calcium phosphate.
More particalarty, ,the cellulose used in the filler is selected from microfine cellulose and
microcrystalline celtulose. More particularly, the pharmaceutically acceptable filler
comprises particles having an average diameter between 150 pm and 1000 pm.

In another aspect, when the sterically hindered primary amine is leucine and the
cation is Ca®™”.

In another aspect, the molar ratio of Ca®" to leucine is at least 1:1.

More particutarly, the molar ratio of Ca*¥ to leucine is at least 1.5:1.

More particularly, the molar ratio of Ca®* to leucine is at least 2:1.

In this aspect, the sterically hindered amine is leucine and the molar ratio of leucine to
GC-C receptor agonist polypeptide is at least 10:1.

More particularly, the molar ratio of leucine to GC-C receptor agonist polypeptide is
at least 20:1.

More particularly, the molar ratio of leucine to GC-C receptor agonist polypeptide in
the pharmaceutical formulation is at least 3(:1.

in the GC-C receptor agonist polypeptide formulations comprising a filler, the weight
ratio of GC-C receptor agonist polypeptide to pharmaceutically acceptable filler is between
1:25 and 1:2,500.

More particularly, the weight ratio of GC-C receptor agonist polypeptide to
pharmaceutically acceptable filler is between 1:100 and 1:2000.

More particularly, the weight ratio of GC-C recepior agonist polypeptide to
pharmaceutically acceptable filler is between 1:100 and 1: 1000,

In the GC-C receptor agonist polypeptide formulations, comprising a cationand a
sterically hindered primary amine, the molar ratio of cation:sterically hindered primary
amine:GC-C receptor agonist polypeptide is 40-100:20-50:1.

More particularly, when the cation is Ca®" and the sterically hindered primary amine

9

is leucine, the molar ratio of Ca*"leucine:GC-C receptor agonist polypeptide is 100:30:1,
80:40:1, 80:30:1, 80:20:1, 60:30:1, 60:20:1, 50:30:1, 50:20:1, 40:20:1, 20:20:1, 10:10:1,

13:5:01, 5:10:1 or 5:5:1.
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More particularly, the molar ratio of Ca*leucine:GC-C receptor agonist polypeptide
is 60:30:1.

More particularly, the cation is provided as CaCl,.

In some embodiments, the GC-C receptor agonist polypeptide is linaclotide.

In another aspect of the invention method, the GC-C receptor antagonist formulation
is in the form of a capsule or tablet.

In particular, each capsule or tablet comprises 50 ug to 1 mg GC-C receptor agonist
polypeptide. In some embodiments, each capsule or tablet comprises 50 ygto | mg

linaclotide.

More particularly, each capsule or tablet comprises 100 pg, 150 pg, 200 ug, 300 ug,
400 g, 500 ug or 600 pg GC-C receptor agonist polypeptide. In some embodiments, each
capsule or tablet comprises 100 pg, 133 pg, 150 ug, 200 pg, 266 ug, 300 pg, 400 ug, 500 ug
or 600 pg linaclotide.

More particularly, cach tablet or capsule comprises:

{a) Linaclotide;

(b} CaClye2Hy0;

(€} L~Leucine; and

{d) Hydroxypropyl Methylcellulose
wherein linaclotide is present in the pharmaceutical composition in an amount between
100ug to 600ug and the molar ratio of Ca™:leucine:linaclotide is between 5-100:5-50:1.

More particularly, linaclotide is present in the tablet or capsule in an amount of 133 or
26060z,

More particularly, CaCl; is present in the tablet or capsule in an amount of 1541ug.

More particularly, leucine is present in the tablet or capsule in an amount of 687ug.

More particularly, hydroxypropyl methylcellulose is present in the tablet or capsule in
an amount of 700ug.

In another embodiment, the invention provides a method of treating irritable bowel
syndrome (e.g., IBS-c} or constipation {(e.g., chronic constipation) in a subject in need of such
treatment, comprising: administering a GC-C recepior agonist polypeptide to the subject
before the ingestion of food.

In one aspect of this embodiment, the GC-C receptor agonist polypeptide formulation

is administered to the subject at least 6 hours after the ingestion of food.
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In another aspect of this embodiment, the GC-C receptor agonist polypeptide
formulation is administered to the subject at least 8 howrs after the ingestion of food.

In another aspect of this embodiment, the GC-C receptor agonist polypeptide
formulation is administered to the subject at least 10 hours after the ingestion of food.

In another aspect of this embodiment, the GC-C receptor agonist polypeptide
formulation is administered to the subject at least 15 minutes before the ingestion of more
food.

In another aspect of this embodiment, the GC-C receptor agonist polypeptide
formulation is administered to the subject at least 30 minutes before the ingestion of more
food.

In another aspect of this embodiment, the GC-C receptor agonist polypeptide
formulation is administered to the subject at least 1 hour before the ingestion of more food.

In another aspect of this embodiment, the GC-C receptor agonist polypeptide
formulation is administered to the subject at least 2 hours before the ingestion of more food.

in these aspects, the GC-C receptor agonist polypeptide may be linaclotide.

in another aspect of this embodiment, the subject in need of such treatment is
suffering from irritable bowel syndrome (IBS). More particularly the disorder is IBS, which
is constipation-predominant IBS (IBS-c) or alternating IBS (IBS-a). More particularly, the
disorder is IBS-¢,

In another aspect of this embodiment, the subject in need of such reatment is
suffering from constipation. More particularly, the disorder is constipation which is chronic
constipation, idiopathic constipation, post-operative ileus, or constipation caused by opiate
use.

in these aspects, the GC-C receptor agonist polypeptide is administered as a
formulation comprising the GC-C receptor agonist polypeptide and a pharmaceutically
acceptable excipient.

in another embodiment, the invention provides a method of increasing the
pharmacodynamic effect of a GC-C receptor agonist polypeptide which is adrninistered to a
subject in need of such freatment, comprising administering the GC-C receptor agonist
polypeptide to the subject with the ingestion of food or within two hours after the ingestion of
food.

In one aspect of this embodiment, the GC-C receptor agonist polypeptide is

administered with the ingestion of food.
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In another aspect of this embodiment, the GC-C receptor agonist polypeptide is
administered with a meal.

In another aspect of this embodiment, the GC-C receptor agonist polypeptide is
administered within two hours after the ingestion of food.

In another aspect of this embodiment, the GC-C receptor agonist polypeptide is
administered within one hour after the ingestion of food.

In another aspect of this embodiment, the GC-C receptor agonist polypeptide is
administered within 30 minutes after the ingestion of food.

In another aspect of this embodiment, the GC-C receptor agonist polypeptide is
administered within 15 minutes after the ingestion of food.

In another aspect of this embodiment, the GC-C receptor agonist polypeptide is
linaciotide,

In another aspect of this embodiment, the subject in need of such reatment is
suffering from irritable bowel syndrome (IBS). More particularly the disorder is IBS, which
is constipation-predominant IBS (IBS-c) or alternating IBS (IBS-a). More particularly, the
disorder is IBS-c.

In another aspect of this embodiment, the subject in need of such reatment is
suffering from constipation. More particularly, the disorder is constipation which is chronic
constipation, idiopathic constipation, post-operative ileus, or constipation caused by opiate
use.

in another aspect of this embodiment, the GC-C receptor agonist polypeptide is
administered as a formulation comprising the GC-C receptor agonist polypeptide and a
pharmaceutically acceptable excipient.

In another aspect of this ermnbodiment, the formulation further comprises one or more
agents selected from a cation selected from Mg?*, Ca?, Zn®, Mr®*, K, Na* and Al or a
sterically hindered primary amine,

In particular, the Mg, Ca®*, Zn™, Mn™, K*, Na* or AP* is provided as magnesium
acetate, magnesium chioride, magnesium phosphate, magnesium sulfate, calcium acetate,
calcium chloride, calcium phosphate, calcium sulfate, zinc acetate, zinc chioride, zinc
phosphate, zinc sulfate, manganese acetate, manganese chloride, manganese phosphate,
manganese sulfate, potassium acetate, potassivm chioride, potassium phosphate, potassinm
sulfate, sodium acetate, sodium chioride, sodinm phosphate, sodium sulfate, aluminum

acetate, aluminum chioride, aluminum phosphate or aluminum sulfate.
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More particularly, the Mg™, Ca®*, Zn®", Mn®", K*, Na* or A" is provided as
magnesiuvm chioride, calcium chloride, calcium phosphate, calcium sulfate, zinc acetate,
manganese chloride, potassium chloride, sodium chioride or aluminum chloride.

More particularly, the cation is Mg®*, Ca®", Zn®*.

More particularly, the Mg>, Ca** or Zn*" is provided as magnesium chloride, calcium
chloride or zinc acetate,

More particularly, the agent is Ca®*.

More particularly, the Ca®" is provided as calcium chioride.

Alternatively, the agent is a sterically hindered primary amine.

More particularly, the sterically hindered primary amine is an amino acid.

More particularly, the amino acid is a naturally-cccurring amino acid.

More particularly, the naturally-occurring amino acid is histidine, phenylalanine,
alanine, glutamic acid, aspartic acid, glutamine, leucine, methionine, asparagine, tyrosine,
threonine. isoleucine, tryptophan, glycine or valine.

More particularly, the naturally-cccwring amino acid is leucine, iscleucine, alanine or
methionine.

More particularly, the naturally-occurring amino acid is leucine or methionine.

More particularly, the naturally-occurring amino acid is leucine.

Alternatively, the sterically hindered primary amine is a non-naturally cccurring
amingo acid.

More particularly, the non-naturally occurring amino acid is 1-aminocyclohexane
carboxylic acid.

Ahernatively, the sterically hindered primary amine has the formula; , wherein R, R,
and R; are independently selected from: H; —~C(OYOH, C;-Cs alkyl, optionally substituted by
~COzH, ~CONHg, or a 5-10 membered aryl or heteroaryl; C-Cs alkoxyalkyl; or C-Cs
thioalkoxyalkyl, wherein any of the alkyl or aryl groups above can be singly or multiply
substituted with halogen or -NH;, and provided that no more than two of Ry, R; and R are H.

In a further embodiment, no more than one of By, By and Ry is H.

More particularly, the sterically hindered primary amine has the formula:
Rg

m\\i<iﬂ3
NH, , wherein Ry, B; and R; are independently selected from: H; —~C(OYOH; T-Cg
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alkyl; C;-Ce alkoxyalkyl; or Ci-Cg thioalkoxyalky!, wherein any of the alkyl or aryl groups
above can be singly or multiply substituted with halogen or -NH;, and provided that no more
than two of Ry, R; and Rz are H. In a further embodiment, no more than one of Ry, R; and B
is H.
More particularly, the sterically hindered primary amine has the formula:
Az

Hi\kﬁg

NH; . wherein R, R; and R; are independently selected from: H; ~-C(OYOH; C-Ce
atkyl; C-Cs alkoxyalkyl; or C-Cy thivalkoxyalkyl, and provided that no more than two of
Ri, K2 and Ry are H. In a further embodiment, no more than one of Ry, R; and Ry is H.

In some embodiments, the sterically hindered primary amine is cyclohexylamine or 2-
methylbutylamine.

in some embodiments, the sterically hindered primary amine is chitosan.

In some embodiments, the GC-C receptor agonist polypeptide is linaclotide.

In another aspect, the GC-C receptor agonist polypeptide formulation used in the
method comprises a cation selected from Mg®*, Ca®*, Zn®*, Mn®", K*, Na* and Al* and a
sterically hindered primary amine.

More particularly, the Mg™, Ca®*, Zn**, M, K*, Na* or AI™" is provided as
magnesium acetate, magnesium chloride, magnesium phosphate, magnesium suifate, calcium
acetate, calcium chioride, calcium phosphate, calcium sulfate, zinc acetate, zinc chloride, zinc
phosphate, zinc sulfate, manganese acelate, manganese chloride, manganese phosphate,
manganese sulfate, potassium acetate, potassium chloride, potassium phosphate, potassivm
sulfate, sodium acetate, sodium chloride, sodium phosphate, sodium sulfate, aluminum
acetate, aluminum chloride, aluminum phosphate or aluminum sulfate.

More particularly, the Mg™*, Ca®*, Zn*", Mn®", K*, Na” or Al”" is provided as
magnesium chloride, calcium chioride, calcium phosphate, calcium sulfate, zing acetate,
manganese chloride, potassium chloride, sodium chioride or aluminum chloride.

More particularly, the cation is Mg®", Ca®" or Za®".

More particularly, the Mg®*, Ca** or Zn*" is provided as magnesium chloride, calcium
chloride or zinc acetate.

More particularly, the cation is Ca™.

More particularly, the Ca®* is provided as calcium chloride.

More particularly, the sterically hindered primary amine is an amino acid.
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More particularly, the amino acid is a naturally-occcurring amino acid.

More particularly, the naturally-occurring amino acid is histidine, phenylalanine,
alanine, glutamic acid, aspartic acid, glutamine, leucine, methionine, asparagine, tyrosine,
threonine, isoleucine, tryptophan, glycine or valine.

More particularly, the naturally-occurring amino acid is leucine, isoleucine, alanine or
methionine.

More particularly, the naturally-occurring amine acid is leucine or methionine.

More particularly, the naturally-occurring amine acid is leucine.

Alternatively, the sterically hindered primary amine is a non-naturally cecurring
amino acid,

More particularly, the non-naturally cecurring amino acid is {-aminocyclohexane
carboxylic acid.

Alternatively, the sterically hindered primary amine has the formula: |, wherein Ry, o
and Rj are independently selected from: H; ~C{OYOH; C-C; alkyl, optionally substituted by
~CO:H, ~CONH:, or a 5-10 membered aryl or heteroaryl; C-Cs alkoxyalkyl; or C;-Cy
thicalkoxyalkyl, wherein any of the alkyl or aryl groups above can be singly or multiply
substituted with halogen or ~NH,, and provided that no more than two of Ry, R; and Ryare H.

In a further embodiment, no more than one of Ry, Ry and Ry is H.

More particularly, the sterically hindered primary amine has the formula:
Rz

R“\\kifﬁg
NMz  wherein Ry, Ry and R; are independently selected from: H; ~C(OYOH; Ci-Cs

alkyl; C;-Cs altkoxyalkyl; or C-Cs thioalkoxyalkyl, wherein any of the alkyl or aryl groups
above can be singly or multiply substituted with halogen or —-NH;, and provided that no more
than two of Ry, Ry and Rs are H. In a further embodiment, no more than one of Ry, Ry and R3
is H.

More particularly, the sterically hindered primary amine has the formula;

Ry

Rh\\szﬂa
Ny , wherein Ry, R; and R; are independently selected from: H; ~C(OYOH; C;-Cg

alkyl; -G alkoxyalkyl; or Ci-Cs thioalkoxyalkyl, and provided that no more than two of

Ri, Rs and Riyare H. In a further embodimnent, no more than one of By, By and Ry is H.
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More particularly, the sterically hindered primary amine is cyclohexylamine or 2-
methylbutylamine.

More particularly, the sterically hindered primary amine is chitosan,

in some embodiments, the GC-C receptor agonist polypeptide is linaclotide.

In these aspects, the GC-C receptor agonist polypeptide formulation additionally
comprises a pharmaceutically acceptable binder. In particular, the pharmaceutically
acceptable binder is selected from polyvinyl alcohol, polyvinylpyrrolidone (povidone), 2
starch, maltodextrin or a cellulose ether. More particularly, the pharmaceutically acceptable
binder is a cellulose ether which may be selected from: methylcellulose, ethylceliulose,
carboxymethylcellulose, hydroxyethyl celiulose, hydroxyethyl methyiceliulose,
hydroxypropy! cellulose and hydroxypropyl methylceliulose..

In these aspects, the GC-C receptor agonist polypeptide formulation additionally
comprises a pharmaceutically acceptable glidant, lubricant or additive thatacts as both a
glidant and lubricant.

In these aspects, the GC-C receptor agonist polypeptide formulation additionally
comprises an antioxidant. In particular, the antioxidant is BHA, vitamin E or propyl gallate.

In these aspects, the GC-C receptor agonist polypeptide formulation additionally
comprises a pharmaceutically acceptable filler. In particular, the pharmaceutically acceptable
filier is cellulose, isomalt, mannitol or dibasic calcium phosphate.

More particularly, ,the cellulose used in the filler is selected from microfine celinlose and
microcrystalline cellulose. More particularly, the pharmaceutically acceptable filler
comprises particles having an average diameter between 150 pm and 1000 pm.

In another aspect, when the sterically hindered primary amine is leucine and the
cation is Ca®*.

In another aspect, the molar ratio of Ca®* o leucine is at least 131,

More particularly, the molar ratio of Ca®* to leucine is at least 1.5:1.

More particularly, the molar ratio of Ca™* to leucine is