LINACLOTIDE-CONTAINING FORMULATIONS FOR ORAL ADMINISTRATION !LLD 5This
disclosure concerns solid formulations of a guanylate cyclase-C receptor agonist polypeptide suitable
for oral administration and methods for preparing such formulations. PRIORITY CLAIM This
application claims priortiy to United States Application Serial No. 61/089,422, 10filed August 15, 2008
and to the LNfedLaierERTosTon A RePEestionfilad Ry 5t 67 /00 2R pimlisdrStabik Solid
Formulation of a GC-C Receptor Agonist Polypeptide Suitable for Oral Administration”. The entire
contents of the aforementioned applications are incorporated herein by reference. 15BACKGROUND
Many therapeutic polypeptides are formulated in_weous solution because they are most active in this
form. However, most polypeptides are not parti y stable in aqueous solution, such that the
forniulations offers ﬁ'avé}sazslmd&akfs—leﬁéiaWW@EQ#@@E&B@&{&%&@?C%@%%%%MQQnS of
polypep igl"}‘éﬁ n be dried by freeze-drying, spray-drying or 70other methods, such dried formulations
may alsé b Ef%r?gatgé%ga ﬁ%f%g%a rgﬁﬂ’g}eén 'acﬁt{l)vitaﬁ}1 %(elfé%bg%fo{%%m%‘éﬁJﬁﬁﬁ‘%‘f‘“fﬁés’poIypeptide.
Typical break-down mechanisms that occur both in agueous solution and in dried formulations include
aggregation and oxidative or hydrolytic QﬁS&Q%PQ Ekﬁd the majority of therapeutic polypeptides,
whether in aqueous solution or dried, are stored under refrigerated conditions due to their limited
stability. 25Lin&BIbABRIEREOBEHrIERs BEOMtY thé nivihStacidAen]iretioe By&iCys GiroTyreys Cys Asn Pro
AlBCYSHTls GV Do aeeivalenihe SUARMAGKIRASEIGCASCRRIOL, binagiptde, which

may be administered orally, is useful for the treatment of gastrointestinal disorders ahd conditions,
includin@PfritBiedponariepiibFrarpriaoaf ekt6ric Rewmstivatisnnic Epl AopidtsSismd tofaprising
linaclotideshaventrassiio bEneaffigeraiad i rdst @ aveicha0deosashtion quer ime. However,
refrigeration is irgcdogveni%nt thh for commercial distribution of the drug and for storage by patients.
Thus, there 18 4 heed 10 HaVE'SERd linaclotide formulation that is stable at room temperature for at
least 12 months. SUMMARY Solid, stable formulations of linaclotide suitable for oral
ad{ginistration are described herein as aE?ArP:gg%gé{Mreparing such folinitiations. The foiniulations
described herein contain a polypeptide cONSisli amino acid sequence Cys Cys-Glu Tyr Cys
Cys Asn 5ProMiaCher T aypspyid¢timadtotietiedria phatmactuticabacce piaplg salt thereof.
The lin ide;far I I | table and have a sufficient shelf life for

man uf;}({j{{f}‘rﬁ r??%cﬁ%?a%ﬁ?%ﬁ?ﬁ%&ﬁ?g}%% Sgr%%(aar%xﬁ eF or’rﬁ‘ﬂ%ﬁ' Shtgb UtApESHerein are
expecte i8I e Shs frréoamatarienst afteriiths diorobalf tife pedakyerstariigerecadlitions (e.g.,
25C/60%1elakieduusnicibriRizef BIHERes RMbAdINEALS. Hh e JOfor A%%'?&%fﬁ?%ﬁb%‘% herein are
ex,cg]e_c_te0 to ha\t/he gghef life of at Iefi;lst 1 month‘s or at I\east 24 months at'room en‘%perature storage
conditioh e BT 1KGot B MR UG b At BRrHET D s Uiatiores wned detieiibed wherein > 95%
of the oridjiria¢ amaounteflinatiniidemibesopaposiionrrmapsialiss heemaothspen packaged
sampleéﬁa;{g gt&redaa% Q&%Géef&tl%g co dit(i%gna 40C/75% RH) when assessed in an assay on a
15weight/weight basts as determinad By Figh PreSSHOR e Wi gseAesaap Ry Blaty against a
linaclotiisirelaiedesr sistietaThun fhetheiembofdimentaz POYpetaesongianamauRLaf linaclotide in

the compRsitios.'gnains-aiisLatleast &mopths when.packaged samples are stored at accelerated
conditions (40C/75% RH). In other em%églgm&é%gfs? (;ﬁr{rgﬁ%%t%rg “a enl%ﬁﬁ HRHEYein chromatographic

purity of the likdRaekHEs Bepidmiayiag Broamercend bsgROkP CGsremaiis ayC95% aver the course
of at leasiibreamanieuen eackaoed:samales ae:siardaL accelarated eqndilions (40C175% RH.
otide as deter

In further embodiments, the chromatographic purity of the linac .n°§8t8§/ area percent by
rg !

HPLC reffsiy % YoehasvaReTtTeEs e [éeistuschvd fon sha Hreptmankeligpdiszimplasare stored at
accelerdtedieonditiansdfd0nC bR R TiNIB S & BBl ALY B0 AROLSAY, e linaclotide
25unde§@¢fs}.%e ng%ign to other r_odticts sgch as an oxidation product of linaclotide, a hydrolysis
product of linaclotide or a 1ot %“faje%%-ﬂ%g&i 88 it srduel vemasd stigedermaratbhyde imine
prstuctysiadeen evisotim divytbeinudritientaamphizes e 1bar e esticahaempesition comprising

linaclotidg wherei the £ omg%gr%)hic urity .of the_linaclotide decreases by 30less than 10% after
18 months or 24 months o% storageS of the B’I‘%%rxﬁ%%éu |%%I%8?%bso§i‘fﬁfﬁléff}g“é LEYi% relative humidity

in a sedfF SRt iraikipg eStbictantrneanhartrercdmbodimen?, thewtlromatographic purity of
the linaclotide decreases by less than 9%, 8%, 7%, 6%, 5%, 4% or 2% after 18 months or 24 months
of storage of the pharmaceutical



composition at 25C at 60% relative humidity in a sealed container containing a desiccant. In another
embodiment, the invention comprises a pharmaceutical composition comprising linaclotide, wherein
the chromatographic purity of the linaclotide decreases by less than 10% after 3 months or 6 months
of storage of the pharmaceutical composition at 40C at 75% 5relative humidity in a sealed container
containing a desiccant. In a further embodimw matographic purity of the linaclotide
decreases by less than 9%, 8%, 7%, 6%, 5%, 4% or 2% after 3 months or 6 months of storage of the
pharmaceutical Sohbesitierfatmddiais 3 b mealmtide hirmbditjoinosabediad containarclentaitidg a
desiccanty, ' ' tion,comprises a upit dosage form of a pharmaceutical 10

hefb N 9%9[',%1& Jgﬁ R ‘
composition éqmpgr{ging mac?f))ti .ee,#v%ﬁegeklnﬁh%%ﬁ%%ﬁ%%ﬁﬁh%%ﬁ%?o&s tﬁ%esﬁfﬁ%aﬁcﬁo Tde decreases by
less than 909 akeCISMBAIS e 2hgdritivsiolistorad ecsbtheafitsdosagh: fopmat 256 As60% relative
humidity ip-g aeated eapiipercANAIRNNE RIS A liher sy Rodiment dheflygmatographic
purity of the linaclotide dec_gr?ea)éges by less than_9%A>, 8‘}/)9, 7%, 6%, 5 0, 4%%&2%; after 18 months or 24
months of stora&é‘%“"ﬂ%@l%ﬁf’é@@ﬁ@étfﬁﬁrﬁ%‘?ﬁ’%@em%@% valdavahbioryisieskel iddfatainer
containinge gesicsantig WW@%@&@&J&%@?W@%@%@%@%M%@&%@m ofa
pharmaceutical composition comprisinffli_naclotide, wherein the chromatographic purity of the
linaclotid ' FERTALRPES I L8 BAXNA 1 B4 AHE 08 TisAthE OPETHS RIS BP LE5HRGAMELHETRR dosage form
at 40C atcth¥iiglatyg. Nesriiay % rel aealed aantaiRa o Mg o AR sifea:s | ind further embodiment,
the 20chrpmatographic purity, of the linaclotide decreases b #e s than 9%, 8%, 7%, 6%, 5%, 4% or
2% Lot S B S5 B PEF b AT Adual e ot AERS A 7B i 0L ety n a
sealed cohtametsontaimngapesiccantrage domindoesbedidfearsiive RiMention comprises a sealed
container compyising a | ' e forms, of a.pharmaceuti omposition comprising
linaclotide, Wherlgiél_)?ﬁe %ﬁ%&xﬁgéég’grgap ‘lic%%%?ﬁﬁr Sf% the Fr%gc% ﬁig“(ﬂ“e“c%%zocs%s eyqrel Enﬁian 10% after
18 monthamupyahbraplobiesto the e whpreiseratetivon inethcontainthy whissiedercds26@let 60%
relative hypigipeq!n a ilGrrmRRAMRN L ERE, F5ep Rl QmaP R RWIY ARG pagigtide decreases by

less than 9%, 8%, 7%, 6%, 5%, 4% or 2% after 18 months or 24 months of storage of the sealed
container CIRANAEA kiskics kteamud By breh Retive Idishioma astwier (HBldmseaiment, the
invention eeutlprige see: foRled £BtAINGY KAMATIsIREARtralitooipitfosaga foims ok appharmaceutical
compositilon jO{n rising linaclotide, wherein tpe ch omatogra@gic urity of the linaclotide decreases by
less than T A& 5 HSHHE B RISHIAT bt §T6Pé£eé’%16tﬁ53§ 1A Toreagr LTRSS desiccant at
40C at 75%reélativeturmielityoddiados e EnsBoR R ent, dhechidimdiiagiap riempultityef #he linaclotide
decrease S 9%, 8%, 7%, 6%, 5%, 4% pr 2% after 3 months.or 6 months of stqrage of the
sealed coﬁrﬁlgaéi[ﬁ%ci%%%% t% n%kg) r&éﬁ%ﬁﬁ%’[‘ Ca?‘ﬂ)fé %f:‘g%fo ?8?3%‘\{% i r%tlecﬁltl)]/{nﬁ?ﬁ on 3rféan%5%ﬁrrlﬁeﬁ't, the
invetftion BBHpriseaias phafhdcewtichiccomnso sitiorsssoimpei sing thn adiotigeskvlhedeimthleassay value
for linaclofige dgtermieemkan s WaldRIMHEAIARIE AR BATRS Q%é%ﬁﬁﬁ?&@ L6 after 18 months or 24

months of storage of the pharmaceutical composition at 25C at 60% relative humidity in a sealed

container ESIEINEGRLIGasEERAL ths HrriplidccihBeannerd iceessesrsrai ey P Ttaratdes détermined

on a weightiweighi hRsinaRereRHa8Yd 8asriRa N B p820a 0 s SUDIQYar AN 3 2060:-RirA% 10 after 18
months or 24% monthz)ggjtora%e of the pharmaceutical composition at 25C at 60% relative humidity in

a sealed EOHHLIARY COnfifnie Bl RPN amBlft LB e ARot & ikahthmsripides a

phathacentiealesdypositicncampitsipglinaclatitesswhesaindoa pesh\valugdasoiisaciotide determined
on a weightiweight basis decrease less than 10% after,3 months or 6 months of storage of the
pharmacgre) ﬁé‘ﬁ?’%‘é ”Sg‘s‘ﬁﬁé’%qé?%z@“f 758 oorrépaa?ﬁl/% i‘%ﬁi'ﬁ}rﬁ&&% ﬁng%ee%ﬁ%%]“(%?]{é'iﬂ ClI % ‘#taining a
desiccant ‘farm#idthpdembudimdnttthe chromatographic purity of the linaclotide decreases by less

than 996, 8%, 74 & Shu¥in3%he 058 A1 MOS8, MAP RS Bl siprgoe o the

pharmaceutical composition at 40C at 75% relativé humidity in a Sealed coritainer containing a
desiccanCaMRIHES Mbsfh v ivEciVBAGBIP BBIBTIPEY DUy @bSignhsiniidt desrrasesaeutical
20cemporiion £oMW igieg lnanatide whsrsiibhsragsayvaue fondinaciotide detgpminggdap a
weight/weight basis decreases by less than 10% after 18 months or 24 months of storage of the unit
dosage form-a 25 &5 '808% PRIRIRILY i ihidip sHEardunms GeBmineh doresithg™ HBEIBERNt. In a further
embodimentotis:assee caloemiosdinpelopde geitnmingad on & weightwaight hasis desreases by less
than 9%, .8%, 7%, 5%,.5%,.4%, 3%, 2% or,1% after 18 25 months ar 24 months of storage of the unit
dosage fj%i g%?é@a%tw]g&/g i R ane VAl aais%]g?é}és CoAtTARY E%H}%HWW&QC&EE ant. In another
embodiment, the invention comprises a unit dosage form of a pharmaceutical composition comprising
linaclotide, wherein the assay value for linaclotide determined on a weight/weight basis decreases by
less than 10% after 3 months or 6 months of storage of the unit dosage form at 40C at 75% relative
humidity in a 30sealed container containing a desitcant. In a further embodiment, the assay value for
linaclotide determined on a weight/weight basis decreases by less than 9%, 8%, 7%, 6%, 5%, 4%, 3%.
2% or 1% after 3 months or 6 months of storage of the unit dosage form at 40C at 75% relative

humidity in a sealed container containing a desiccant. In one embodiment, the invention
comnricac 3 cealed containar comnricina a2 nhiiralitns of 11init docecane forme of a nharmaceritical



150f storage of the sealed container containing a desiccant at 40C at 75% relative humidity. In
some embodiments, there is provided a pharmaceutical composition comprising linaclotide and a
hydrolysis product comprising: H-Cys-Cys-Glu-Tyr-Cys-Cys-Asp-Pro-Ala-Cys-Thr-Gly-Cys-Tyr-OH | S
S S S S S In some embodiments, the hydrolysis product comprises less than about 15% by 20weight
of the composition, less, ahomt 10% by weight of the composition, less than about 7% by weight of
the comp B B R T R aatrgts e
hydrolysisapatithi crdumiprise stfiromy it Qx0vsts abbunifsestayheightofithecemprposition, about
0.05% to ggubARetmenial e campar'ien: a0 Ra00 g ARouLLYe By peighl ofdhe
o by weig t m

composition or about 0.05% to about 5 ht'of 25the composition. In further embodiments,

there is préffdédratiethiod BerRBarhe e stfoimebaraneisordesimeopditertt ifORead Théreof
compgsing-adminisiarng A RRaImpcsUicRL compasiioneamprsing linaslotidarnd.a ydrelysis

product. In some embodiments, there is provided a pharmaceutical composition comprising

linaclotide BIP AL RSFARAIAEHY R St BrsiRIdcoirisAssagY loss than 9%, 8%, 7%, 6%, 5%, 4% or

H2C-=-CysCafeef3 undiihCyssysnths oiRiordda <2 Yhe PR CarRal ¥o@bbsition M Somaembpdiments,
the formaldih%/d imi,ge roduct g&n&ﬁprisﬁs less than about 15% by welight of the composition, less
than about® %%EEVW ?@E’t“oﬁ‘ R OB G EID RO TRE I BI6E™ 9% by weight of the composition or less
than about 5% binweightiafdine:tothpositaroincothgrexampiady apfocimdani phihm fosmalgiehyde imine
prodHS;t comrgri'g?‘geizl E;;IfrC%m %tggnut E?r‘agszl%t’ié% a}ﬁl:}g)ut .158%80 Weight of the comp ?%iop, about 0.05% to
about 100/%%)})V\ielgoht orthe e posﬁon,’aboelf%). %16 abodt 3%?/“\%’?@% ¥ tH&COHSosition or
about 0.05%twab byt &% ipyn Weighftef larsoripesitiémdnthsrdhererpbobihtants, dbewe ifoprovided a
method of freaiing W?&ﬁ%%ﬁﬁﬂﬂ!ﬁﬁﬁ%@?Ealfé@&%ﬂﬁﬂéﬂ@Jﬁ?ﬁﬂ'ﬁ'%eardﬁg&ggéﬂi?rﬁ' g agministering a
pharmaceutical composition comprising linaclotide and a forma d‘e yde 10imine proéluct. En some
embodimé&fteodieratidisreviewdtaginirmasatitiebibedmpasititerieensasas g tivraibratid® af@ a linaclotide
oxidation prpcugt.s, ofve &mbogiment.dReieaciolide Axidatian REeduch has cimaleckiar weight of

1542.8, which most likely forms as the addition of a single oxygen atom to one of the six cysteinyl

sulfurs in FRaciBRi? SRS RMRLISTD oraled BeatasarSanaEderiett BEIol, BRrEsEgh one of skill in
the art wilkrsteaigmnize, thatitRertygematon Mayitgaiiacbed 19 apyehthertharctivesulfiss:

H-Cys-Cys-Glu-Tyr-Cys-Cys-Asn-Pro-Ala-Cys-Thr-Gly-Cys-Tyr- . SSSSSO0 In another
embodimént. Iélrx rg’g%/c OéY %ﬁ YOGS Crgxg)ér%1 i ﬁaé(ﬁi@ %Wge?ﬁﬁ%ﬁf‘f’ﬁ%ﬁga%ﬂ@%ﬁﬁ% would
increase itssaiblecll&r sfeightionphs #B pemddded oxygerf dtomi2@isagefivene mEcaimentssuthe
linaclotide, gxidation. piedyet comprises.| han.ahout 15% ight af the composition, less than
about 10% by weight ofghe por%sﬁgﬁﬁ%e?sgt afﬁ%%&j}f%/}% }{EV\‘/{&% ut%F the cgr?h%gglgﬁ(g%\éor less than
abodU50 PyoRalgEraphth @b nploditibnatirotsaiceseenep lyyesnibanl ffei®, e Ifacifiidé Bxidation
product compriges frRImHARAY SRS 1o aboYt LrHLWainhEOihs somresitiosy.abot@.05% to
about 10% by 25weight of the composition, about 0.05% to about 7% by weight of the composition or
about 0.05%G BLG R Bokery R SPRRRITBMDEEHRSA™ N further embodiments, there is provided a
method of treating éngasibointnstinaldisosiesintaniatientifneeddheiref campriniag administering a
pharmaceuftica! Fg{omé)o ition com risin%ﬁllivnac otide and a linaclotide oxidation product. 30The assay
value on & weightwerght Basis?Bver G EQERRYY M & BR A& RSP ES SIS, e.9., by
HPLL, thetamoaingeplingplotidefithe seripledd dacttasai ajdeskaterenoé standantoAdlisetdherein, the
weight of | tide,inac ositi fter storage at room.tempera r erated conditions at a
cpeaiiod (o Do B R S R oc1 7506 it
or 12, 18 benitiyoriths brberemgbodimerydonthernpesatepbiconditioiste 5i@/6094cRleydsseompared to

the weight pfdinaciatisie 2 75,Componition 8 20, IR AR89 orthE IMRNYERG the,Phatpaceutical

composition is released for clinical or patient use ("the release date")) to provide the weight/weight

assay valSE LTRGBS HEBFRHALHIE A SXBHRuLadHRIdHYadarerPBREr storage for a
spedified tmeainateircatederndiensiéDCidata Rill-and compairg 1 thewmeiaht-ef linagetide that
was present in .t%?e sample at the release date. In another example, the weight of linaclotide in 10a
composition 1§ Hé: %&%Fﬁ&%ﬁ%@&’%ﬁ@@ﬁ’éﬁ‘%Wﬁ?%ﬁ%%?%%ﬁ@ﬁ%‘&SC/GO%
RH) and qumigyartddoihelwidightotiinadlptiels that Wes piesenhinthersamipieial sheselgass date.
Thus, the phr +290% af the original amount of linaclotide in the. compasition remains after at least 6
months Wﬁgr?%pac %%néa ns%r%% teaér’g?é %%?Seiacglt‘ taaééieqae‘?aa}tegggf)ﬁe ios kﬁ?)‘a'ﬁ' Srl% feans the
weight of linaclotide in the composition measured in 15an assay on a weight/weight basis as
determined by HPLC after at least 6 months storage at accelerated conditions is > 90% of the amount
of linaclotide in the composition present at the initial time (e.g., the release date of the linaclotide
composition). Chromatographic purity of linaclbtide may be assessed by performing HPLC under
the conditions described herein. The area under the linaclotide peak is measured and



20compared to the total area under all peaks excluding the solvent peak and any non- polypeptide
related peaks (i.e., peaks associated with excipients that may be observed in a placebo). As used
herein, the chromatographic purity of linaclotide in a composition after storage at room temperature or
accelerated conditions at a specified time point (e.g., three or six months of storage under accelerated
conditions [40C/75% RH] or 12, 18 or. 24 months of 25storage under ropom temperature, conditions [25
6006 AT e e P S B PP S BT D dorn DGR St el ime
(e.g., the tife tfh ¥l fhatentoabodmpositiontiss ref easegt fof thiniedtdcpatient use (“"the release
date")) to provide the Oceig[gmtgtg@.;@i& (?H%Wc\{ﬁl;%%hﬁo'} & _mple, the chromatographic purity of
linaclotide in a composition Is measured after storage for a specified time at accelerated 30conditions
(40C/75% RH) alidceerpbeéannthidc hiromatogaphicpurippofditaciotid edmthetgamposition at the
release datey i ARPISLRIRRIZIBG 6y QAP RIE Rl i Jigacialide,0.2.CoMRoRIgn s

measured after storage for a specified time at room temperature conditions (25C/60% RH) and

compared @5 it eRASTR RO phIe ptivplniHheionds a1 ecomhpetitiortes ehdhelease date. This

disclosurepfeafstasacaetinshiai Rl epasng A ARBHNaceL HeAlSRMACSIHRR LOMPHRIg linaclotide or a
pharmaceutically acceptable salt thereof, the method comprising: %%%) P_rovidin a solution, e.g., an
aqueous SORIABIPE thicdisatilg UbREEIS cohnsimsny: GainseLt 5 5’96&%%‘51 lPedceptable
salt thereaf; Giyei gatios gielBeiRibosa Mgl less 8dh-9 ZN-Y% MR ts 4t Satagr A3 hoaae/pr.a sterically
hind%ed pEj{maIrél amitlﬂe(ge ., leu ines and, optgijo‘#all ‘g%) a haqmaceutlc,ally acceptable binder; and
(b) applying the dBalRG LofutiBRTS AP REP AN AR RS AR E R e pBIYhtide-coated
filler (e.g. rofath@Spranyiity, imaiag air coating thewphanmadesitically acaspdablerfilediwithithigecoating
solution). : tionally include one or.more of: (i) blending the polypeptide-coated filler
aith & Pl B e PR 38
pharmacevalealiyr dvespiadialeidoiivedhateareschy weighabghalscmastiutyitanth) Blénalg 3he
polypeptidgacaateddillemuita fillerhabisnosmelnentids-coatedifil Hapeding 1, 1ative
polypeptide-coated filler with other additives; (iii) applying a pharmaceutically acceptable coating
additive tdWRIHPAaelsdeRIeiPIeP IR Hha FpHEF AradB s sTpbREiBs Habe placed into
capsules (u@maelatipriapstieboiiinthininiantahialss Hyhas berniaugd thal aqation qelected from
Mg2+, Ca§§,§92t, V}g%tf IC, Nat ﬁlr A131s useful for suppressing the formation of an oxidation product
of linaclotid&'dutifg 26 6%%;5‘.“][‘ 3 OLRBHEER FhHRtE Y S RIRARF RHGRF ERANERR e, e.g.,
leucine, is#0%eful To¥sueppressingding formatied ofmaiaemalgamyife imse-aaduct of linaclotide
(“formaldehyde ipine product’) during. storage. Thus, a linaclotide formulatjion comprising a cation
selected from M%ﬁ?‘#ﬁ?@ﬁ%ﬁg‘ﬁ‘éﬁ Kieant%g’P ,&%&p&ias.%s.f} g@fg‘f&?ﬁ%@ﬁ%’ﬁg@@%@é‘p o 22+, me+ or
Ca2élandtemacsienaaiyrinmdegdthprintaey ahiren Suck sy analemfinoiaaith Rhigeansotibient shelf life
(as measnws@mkgm%%@mage@q{wewﬂ R NGRS RSSAYLIOR MR %JHPQ' storing

and distributing the drug. Further, while the presence of a sterically hindered amine alohe can increase
the formaff§itBf PR8FIINRR B rot il delsauc dmiAlysi RigaletherBms T RanIBRg sterically

hindered gemaramineantAaaianmed; dbasemhinatiep pflausnepntGadiesyppresses the
formation ofégt)}?e h drolésis 30product of linaclotide as well as the oxidation product of linaclotide during
storage, ISSURAY Y &R 08 HESRSFORReISTF SRaRiREy & dt&rdihet by % wdhyrtvid it a8€ay&ind/or by
chrobfatograhicopUrityronths dfissame eMmbedimeitagthiienistanide dephasmacedticat camposition
comprisin%g e%hcarnr’pacguéicatlzlilféﬁaccae éa.blc%lcl:tarﬁler g&%glolggg dand one ar more a ents selected from
Mg2+, CaZ+, ZnZt, nét,%t, ator AL+ and & %j%erlcal?y md@%&’prf’rﬁ%‘@néiﬁné@\ﬁﬁté?éiﬁ the agent

improves stiletsegnéouttdbatphofithecconud ositiposirekativenpoi argharmaceliati edlecaim pesitiony Swithout
said agent.|R.HhenL SMRRURGH S SRS ik S%gr\ﬁ%ég%@g&eérﬂnﬂl@égt}le;{nel%o%eﬁt’ the

agent is Ca2+. In some embodiments, the cation is as, without limitation, magnesium acetate,

magnesiufPERISAEE MREEs &dibirTIsscd shatni hdasprediom suifate adefnsatsshumiditiumachloride,

calciim phasahaltsaeitinsHifale NeAEBIe it BigkslenahC RPQsPhaleneiRg: sulfate,
manganese acetate, manganese chloride, 10manganese phosphate, manganese sulfate, potassium

acetate, pOtASSHAR %ﬁﬁfﬁﬂ‘é?%%‘fé’s‘é’ﬁfﬁ%‘%ﬁS%g?éfsmgﬁﬁﬁ?§L§?ﬁité§ i %acétaté "sotifum
chloride, sdigrm, pivesphaiefisedinmbruiais, abiminunaegiate umingshgblarigeaauringm
phosphate/ﬁ %ﬂg@tﬂg s%h;ate. In fU{thr etmbodimefnts, the cation is provided as magnesium chloride,
calcium choride, ca C|u%lph%é%ﬁgfg,gca?gfbraﬁnseﬂI‘fg?ea,“?mg %gg?ﬁ%anganese chloride, potassium
chloride, 15sodium chloride or aluminum chloride. In other embodiments, the cation is provided as
calcium chloride, magnesium chloride or zinc acetate. In another embodiment, the agent is a
sterically hindered primary amine. In a further embodiment, the sterically hindered primary amine is an
amino acid. In yet a further embodiment, the amind acid is a naturally-occurring amino acid. In a still
further



20embodiment, the naturally-occurring amino acid is selected from the group consisting of: histidine,
phenylalanine, alanine, glutamic acid, aspartic acid, glutamine, leucine, methionine, asparagine,
tyrosine, threonine, isoleucine, tryptophan, methionine and valine; yet further, the naturally-occurring
amino acid is leucine, isoleucine, alanine or methionine; in another embodiment, the

naturally-occurring aming acid is leucine or methronrne strIIf her, the 25naturally-occurring amino
acid is leucine. I%ganotheoP e&m ezgir#gnlp YL QPR K ETR éprf’rhtﬁr AHREE Q%%R?Héﬁh%lly
occurring efnambdasig ofcams nd apldoerceatival @@p@it&ﬂﬂb’t@@ﬂhﬂh@k&ﬁtﬂ(ﬁﬁi’&)@@ét@tﬂ&ﬂﬁb lanthionine
e st aierenedinent e A APdEad PIACATIAS & elgiopigmne
2-methylbut Amine or chitosan. In other embodimé ts, t?‘l re 1S provide Rarmaceuti
compositisficcdinprisihg & 20 preniraekutitmiyohdee ptalotbcoatriorr Imééf’cﬁrdeféf&?@aft envselected from M

921, GA2tgRakMpRh N RbARMSL(E:AniReVAISRLARTION SRIRGIS oM, fleh MOz o1 Ca2y and a

sterically hindered primary amine. In one embodiment, the cation is Ca2+. In another embodiment, the

cation is & Ahktlire BREIRE & dreaBrlIgRE caghUEibmsis fecTRIEED P YAESS hay® % Bkt fe. of two or
three of Zg@:+ she4mrGaz#) o & fuiherzsmbediment. Hahbarnargutisakeupesiignfysther

comprises a % armaceutrcally acceptable binder and/or a pharmaceutically acceptable glidant,
lubricant SPRGHIREAAESRRE A5200th 3 JiadRtENe RBHEL M Sharorish ntRimsRL. he a further

embodimemtetiersteripailyhindsikerkpriaiacy &anpinarg aeiammpc&mdnlaby@é@fﬂﬂﬁt@%r gmbodiment, the
aming acid. is a natura ly- occurrtn aming aci s tjll fu ther embodiment, the naturally occurring
g o

amino acil & LAt O P Groty Co R &E Ollh'ba%f’t %‘tr‘a EEBIY hﬁéﬁ’n‘fﬁ%‘%ﬂrﬁﬁ@c §hift&mic acid,
aspartic aét@hrgtutaimme Melghivtepipiathioidecasparbgins dyrositg, theednineyisaleaeineyigyptophan,

methioning 30 el LS e BBl PScng ATIngRo S devsing dpgleue d0alanine

or methionine;: i anot er embodiment the natu -occurring amino acrd |s eucine or et[h’ronrne still
further, thefﬁ&ﬁﬁé@h@é@ﬁﬂh@%ﬁm@’a@@@%ﬂmmmmﬂmr@mmdlmahtth’eiglteh@aﬂty hindered

primary amifiecanhads 56, ok 41076, taan sae serieallyhipdesed-iman: e pEgigxample, the

sterrcally hindered primary amine may be a mixture of two or more sterically hindered primary amines,
e.g.,'a mitluYEBEENE BE 1RO ORIHIING eratrning 2 frysraat @48 Th¥iarlaitis Breation:sterically

rindered primarsesiedinadvliayeiire AR sles nasiASioe) B:ihpAUAUS Salian applied to

the carrre |s n be d srrable for. the molar ratio of cation:sterically hindered primary

amine (e. g 35 7§u§ﬁ§)vfl R lI!SE(‘I‘faﬁ'r%rétgt’é’tgthan 2:1 (e.g., between 5:1 and 2:1). Thus, in

some 20cases the-ntyeraadani-catianyeiericalspipdsrrr T isanaminelisag/aiisg (e.9.,

Ca2+:leucinedinaclotide) dpplied.to.the is400:50:1, 100:30:1, 80:40:1, 80:30:1, 80:20:1,
60:30:1, 60:20:1, 50: 205 4072 20:20:1, 1010§’l §0510r5 0:1. When binder, e.g.,
t

methylcellulose is present in the Irnaclotrde solution applied to the carrier it can be present at 0.5% -

5% by weight (g @@ #¥brddkRerRE, Ané%yuARg N JreIcOL Sl LRING MEIBNOfslipag/otide applied to
n ng%é’[é %{J'%er e. mrcrocr % alline cellulgse) can var)éfrom about 0.02:100 to about
0

SRR SoTEB g (G ﬁrt’acr%rﬂa*ét ELHEIPRIEEA 55 Hag GPAHES. In a
further enmﬁmenghth:é iveightgidinaciatidesappliesbia 8% venyweigbl offitlenimabent @05 mg to

2bout 2003 SLNEHIRIAS (5.9 04.02,030440.2,0:, 07 I REpIe fo 225, g len. 010

various em men indéréed primary amine’i1s’an amino’ aci

naturally- @@@ghrwfglmﬁmp@mdm abnatlﬁraﬂ%ogcabmimg Geninovadgitse doted frposi tiistjdine;t
phenylalagingy, alaning BRI '%@?&396&%&%%9&?%1%&?% 055 RIONRG: ?@H&%}% %’ff osine,
Ou-ermine, leucine, |soleucrne trypto han, or valine other cases the steric ered primary

amirté is éhﬁ(fﬁf‘i*%tﬂrﬁiﬂy é@&iﬁ#ﬁg %Wdﬁaﬁhiﬁ@fﬁéi’d@eﬂﬂmﬁw@(@ ¢edtingdonine, theanine or

1-amino qyglohierangl 4k6i88TisaseRidNe SIREGY Indered: I ahh ARIBR:{§ an amino sugar (e.g.,
chitosan or ?Iucosamrne NH2 In some cases, the sterically hindered primary amine has the formula.

5wherein B fﬁﬁ&ﬂ@éﬁ’@?h‘é‘é’ﬂéﬂﬂ%ﬁy@ét&@%ﬁ‘%ﬁdﬁ hysrelyiis expdv6talkyl, optionally

substituted by mwmmﬁsa&@m@embﬂeﬂ;ﬂrw&eﬁem%ﬂp@t%@uﬁe vialkyl; or CI-C6
thioalkoxyalk |n a he alk | or ar roups ahove can be singly or multiply substituted with
halogen é{r t\‘)r/HE provng( %Ieftpr )

no mor%r? 3nt Wo Bf 124, R2 and R3 are H. In a further
embodiment, nﬁg@m&m@w@ﬁ;ﬂyR@wdﬁﬁgdﬂPﬂcﬁﬂww tellly. @gaised derein, refers to a
saturated linear or branrihed-bhainmanos. hydrycarbaon radical. Unless jotherwise specified, an
alkyl group contains 1-2 atoesteg1-20 carbon atoms, 1-10 carben atoms, 1-8 carbon
atoris, 1-6 carbon atoms, 1-4 carbon atoms or 1-3 carbon atoms). Examples of alkyl groups include,
but are not limited to, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, s-butyl, t-butyl, pentyl, hexyl,
15heptyl, octyl and the like. The feints Cn.,,,"alkoxyalkyl" and C".,","thioalkoxyalkyl" 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, a C4_6 alkoxyalkyl has a




20total of 4-6 carbons divided between the alkyl and alkoxy portion; e.g. it can be
-CH20CH2CH2CH3, -CH2CH20CH2CHS3 or -CH2CH2CH20CHS3. 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 25otherwise specified, an aryl group may be monocyclic, bicyclic or
tricyclic and contATTBEIETG FEM LS e NSIES S AR AIALThERTR 500 S P B AFRed to, phenyl,
naphthyl, intay kéiglernflie ratipoitioremyds anc ambbracehyl weighihd tefrorheseraatylédor
"heteroargmatic” or,:heteroaryl or "aromatic heterocycle" alone, or art of a larger
moiety asgll%q'ﬁée: gcgrgé;?]a ﬁ;ﬁﬁ@%‘%@é@gg}“ﬁgﬁgggg% ar's %’Yaa !?ﬁ]')étgy/gs m ?/\l/ﬁ}étrce}?r?n agt least one ring in
the systempisrargmatidragtccontanpéaonendrodiorenhie tbroatormiscinhieremnregehdingdmtbe system
contains %09 IBASRA0EWAIE) DasAlnale &9@5@&@&@&@@%&%&? sholdheyporecte

! s ()
Unless otherwise specified, a heteroaryl ring'system may be monocyclic, bicyclic or tricyc id and Shave

a total of figasts 6 dreckaming tinembersd I8N ehihodithentvaighimystia ecomprenitian/braysteim are
aromatic.os9,incindedss Wys\einiiemars ApiseatyIfadisris MRs bR D eteroar Y §g s fused with

one or more aromatic or non-aromatic carbocyclic or heterocyclic rings, or combinations thereof, as
long as tHBGEeR2] BF358me srstfeisimmat disprdse inatarbsny ringcdshsrent empiétd®aromatic system,
as used hexainisterexamignissasis LOmpaharedohaiatoa amaliniipddy saddnasgcend five
membered ring wherein the radical or point of attachment is on the six membered ring. Heteroaryl
ringS dncl B HRIPEPE Mot limited to the following monocycles: 2-furanyl, 3-furanyl, N-imidazolyl,
2-imidazolyl, 4-iislaze ki tndinidazolikr3-ispradobd abisanazalylh demxaznlyh ompazahd, 4-oxazolyl,
5-oxazolyl, N-pyrrolyl, 2-pyrrolyl. 3-pytralyl, 2- 15pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidinyl,

- pynmi B S e RO ol M e e W R By
tetrazolyl geduchstranolgd)atriazghyl €& J§4 2 &riakoly nasid ibetsidzohyslds thehiddyloBdhiesivgipyrazolyl
(e.g., 2-p i ' adia 2 0- Iazolyl -oxagdi I 3-triazolyl,
12,3 thig)(g%azg%}ll)%lt)? fggﬁ%&igéﬁ ,2,5-thgigﬂgga{é)klgﬁ?ﬁ%%g%yﬁ%%éﬁ%fmﬁgtﬁé%%foIIowing
bicytles: BeNphitidgpigiEdriovaiioseh 26 shBhyl tews oplresperibe Hio pyeancash awemlyl (e.g.,
2-indoly 1}, RHinylarin Q4 (8 Ghe 2GRNk B nolinyl, 4-quinolinyl), and isoquinolinyl (e.g.,
1-isoquinolinyl, 3-isoquinolinyl, or 4-isoquinolinyl). In various cases: the antioxidant is selected
from BHA (butyl&teBiyfeYssGaniEweYBIGT SRR st AdrossyToéH#) Cygamin@Hpropy! gallate,
ascorbic acid and sélts 0 T ; foc sters therepf, alpha-lipoic acid,
beta-carotene; the pharmacgtititally acceptable-binder-is potyvi ol or polyvinyl pyrrolidone; the
pharmaceutically acceptabfe binder is selected from: a starch (e.g., corn starch, pre-gelatinized potato
starch, rice star?h, ngg:-at st%rc(P, ang %odium sgarch %Jécollat%), maltodextrin or a cellulose ether (e.qg.,
methylcellulose, eICENGTEEe: Eaboxyietmicaltiose PO Bth i Ceice e5B AL ethy
methylcellwiadetideydroxypropld celtalosd ameihydroxypmdppniethylcelubbe) pthephawmaceutically
acceptable filler,s cell - IGrofi llylose or.microcrystalline.cellulose such as Celphere
CP-%%S or Avicei%?;S%%%%Z%ﬁﬁggﬁ{%‘bgﬁ%E‘cg:cc:fa%t%‘lb?é{ [ élrp %pégs%%%(rzoé? rlgfﬁlsgaers a c%%g? ?é“% mannitol,
isomalt, sbtifey, wegtrodlahsgomepositiorodes st ladosel) theitket v wblisespartisies Hawing an
average GamsEDRSANRhPHR @e@&ﬂf&%ﬁ U?@e'éé%&&‘%&ﬁ@%%‘%f%ﬂ?o‘ﬁl%ﬁed from: talc,

leucine, magnesium stearate, stearic acid and polyvinyl alcohol; and the lubricant and/or glidant is

selected fOAPOCHIERINAHE A RS ArBhodeaantaedingsiniétytisiohROUSE@BRIISBPEG that is
liquid or sadigh abseONTIEMpEIRIL € 59504 WH e REARe b Sa6iL Ablarn/bstfal@bout 1wSeINe cases,

the Jjpaclotide solution used in a metho preparing the formulation has a pH below 7 (e.g., a pH
oo PRI IS FFPRETHSEN BB 4 LTl o B “FHPER (OB VIR g

phosphoriciaéido lshsoniéedases;thecs diatiomisobividerda fifarpus:phdimeacetitgally eseptdhle buffers
can be usedy(edy Rugshale pliao. 10l ame-ases (e linaclaife sqluion used in a method for
preparing the ormulatiorr ¢ prises both a catlon?e.g., a andas erlcg}f}’/hlnﬁered primary
amine (e gimeidimeg 2 phapmgepnbcehsempheitipaclotipassylliienicodeprides! Daddi®iand leucine; the
binder is pgibylcelulgss; the filler is microcrystalline cellulose; the glidant ancVor lubricant comprises
talc or leucine. 15Also provided is a pharmaceutical composition prepared by any of the methods

deséfbed hereid he assiy %HYRAT A8t a piRh stelineagkbRelifey 18 arrydsede it ieshprises a
pharmaceyticaly.aecepiabls earriel Jipasiotige.and £08:88 MArQAJRNS salasiedifionrt).acation
selected from Mg2+, ca2+, zn2+, mn2+, Kt, Nat or A13, or (ii) a sterically hindered 20primary amine. In
some embodiments, the pharmaceutical composition comprises at least one cation and at least one
sterically hindered primary amine.

6



Methods of using the pharmaceutical compositions to treat a variety of gastrointestinal disorders are
also described. 25BRIEF DESCRIPTION OF THE FIGURE Figure | demonstrates an example of
an analysis of linaclotide by HPLC, wherein "Oxidation" refers to the linaclotide oxidation product,
"Formaldehyde Imine" refers to the linaclotide formaldehyde imine product and "Hydrolysis" refers to

the linaclotide hydrolysis product. 30This figure is provided by way of example and is not intended to
limit the st3p&2Bt thé preRsiEimBRtTreht of lispslatisin Foa it SiraIMisH SiREEe fdwenn be used to

treat a vatigipahgastoioterinatidiseIirys: A0ValieuRemhedimantsy therpatienkis,suHifgrisg from a
gastrointestinal disorder; 'ﬂﬁ%)%tient is suffering from a disorder selected from the group consisting of:
gastrointesstﬁf?gf:r%gﬁftf}cﬁf SRETSOeABnRe IAESHmTREL 85 Job 4 SESrm 8RB Al S 98I EFstruction,
Crohn's diseasenduaderagasiricrefipcayspepsia, funstionatdyshe psiannenulcerdyspensia, a
functignal C%%st(r)%i&t)es&;tingligg§g}rgeré {uncti&na] heartburt%é%gstmesoghaiggeal reflux disease (GERD),
gastroparesis irtitable bowel syndrome: PostoRerative ferac TEsTAHTY KON KiPorid Letstipation,
constipatitsn cpainabsspeimmdiwitttconstipatibng aho gisoride rawd: gond tigsaassociated meth
constipati ipatian,: iated with use of.opiate pain killers, post-surgical.cqnstipation,
and cons%]gé%%’ags%ﬁi%a etdggv%%r%%ﬁ%sét i%w Eg%leor% ’55‘,% \fcv&esllfl%?s& other %’5%?8% sgﬁﬁlgf’sgorders
described et aidyctieriedisprditiontieHg /157 Rifaantointoptiied|tmidti e dikiorfl Bnackmadialintestinal
pseudo-oRstrprtien: slNisHSRUA o RgActioR. CrolbmdissaRtIdUREenogasFiR Iaik dyspepsia,

functional dyspepsia, nonulcer o#/s epsia, a functional gastrointestinal disorder, 15functiona

hearBurr? GAERYEUEH Hgeai st akensionaes (SERDYC s iEpa s spomRARPRItEA CHesEPtisease,

irritable boysets0v RIMeake GiHjardias-Bredepinantiisitakie-naNy el SYNEeR 6 (@ Bdple at

constipati n-{) edo inan,l{.irritaigllae bowel‘gyndrome (c-IBS) and/or alternating,irritable bowel syndrome
(a-1BS)), §bes CERET AR ildL; e RPARR% Bolftie ArnsrieeBabRmaHBho Cirrdiptifini Bain associated with
constipaticympmit idis cnteiss afidreodeitichma20as saciatestigb Conspleatans(esed sonstination

associated wijt f.opi in killers,.post-.surgical constipation, and canstipation associated with
neuropaﬂgict):n 1{5}8%32@ gy V%?”Igﬁ; ot'ﬁgzrmcsoﬂr%iwg?%g%%ﬁ '8%%?8 ‘r%%l SRR RERE e tR Batent has
beehdiagmasety with #fishetionghgzesisointstneindibbydd PRCcuteing itathe iRonhe Griterieale.g. Rome
I1), the pafienfhaspesr;dl s ith ipritabl Q. (e.g, diarrhea predominant-IBS,
constipation 25pred§§1?rilgﬁ}glr189§%bn%/%}rgﬁﬁ%ﬁ%ﬁ‘%@ é%@gr](ﬁr{]}ge%ot %%ﬁ%{r)ﬁ}ep 8ﬁ?§£|39 efag. Rome

). - THEHOESERde BTarsiastidudel Suimatiordescimpnsaiatly from 25 pg to 6 mg per day orally.

In a further embosigient dhBHOETANIEIIS2BMRE 102 %%9&%@&%%%?&%4&&%@@8@99&%@“& the
dose rangge for adult h%mans IS, 50 pg to 1 mg per day orally (e.g., 50 pg. 67.5 pg. 100 pg, 133 pg. 150

pg, 200 pg =288 Pe6 15 PSDH P sk by cadadsy esnp caBBerb s BSeBEEBY mg, 650 jig, 700
Pg, 260 pgyBRHadgo8horiig: 3 mgePa0 pglarckdn@inidibresrpbadinents, thg dose range is 100

pg to 600 er rally. In other embodiments, the dose. is 50 jig, 67,5 pg. 100 pg. 133 jig, 150 pg.
200 pg, Z%D%%ﬁepgﬁ%){j%%l caks Qﬁo Bﬁmbé‘? BB ThAtR A Ey 'O%K/gﬁ’r?g?‘?é‘@ Botiiment, the

linaclotid@!asshaositivreddiprovidbe dhrardisegetphimjtyat inft ldeshgeiécm, dengodtiabldten capsule, a
sachet) thgh s efIEcie el SUEAOSRAE Ot A IUURIS, 0L sammea i cerain embagiments, the uni
|

dosage form and daily dose are equivalent. In various embodiments, fhnée&ﬁ{ %'ége orm is
administefédnRitis b dteragnyiAce wkeheraey condioonsodel 674y R of thel 8ay, Bwirnibodfafter an
ovensightsfasiateuaawitidmaaiiastiule variaus-RTRodBea R Vl-Rsa0R fgim is administered once

a day, twice a day or three times a day. The unit dosage form can optionally comprise other additives.

In some EMBBAIRTEAREIOREIHS BRapiide Mirdsuaprs format dnivisatdimere - gatesiaedulenos

linaclotidencTtampiacisaametipoefiamprund-advribisiRe dlgAfatiapi wilk hadhe maponsibility of the
attendant pﬁkwai%ggt 1%Ho¥veve ,.the d?se Fmpkggled Willgje%iend on a number of factors, including the
age and Sex OFthe patent. tHemrehes digBitfer BaiRy PR et SHPMaCsRINF Purity A one

embodimiews hate irsaprovigiedt iarmethod ordtndat ngisgtefoleabpaetisy nire et eanstipation (IBS-c)
in ascacullpafient eesrs harot.ePmpriang adminiising.to.he atient once dally.ap gffective
amount of a pharmaceutical composition descri ed herein. T Lbvarous embo ments. the
pharmacE&oHear s poitioncesntisis el 288thy ox 2BB pdhindeintidegrephinipdiseoper day. In other
embodimeiiSiothe RhaBAgeLIGA  carpRaslions admIVSIRIed,iar A petipd.pl gl jeast one day, two
days, three days, four days, five days, six days, one week, two weeks, three weeks, four weeks or
longer. In some embodiments, treatment with the linaclotide composition improves at least one
symptom selected from 20reduced abdominal pain, an increase in the number of complete
spontaneous 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 IBS-c symiptom severity. In one embodiment, there is
provided a method for treating chronic constipation in an



25adult patient in need thereof, comprising administering to the patient once daily an effective amount
of a pharmaceutical composition described herein. In various embodiments, the pharmaceutical
composition comprises 133 pg or 266 pg linaclotide per unit dose per day. In other embodiments, the
pharmaceutical composition is administered for a period of at least one day, two days, three days, four
days, five days, six days, one é{ weeks, three 30weeks, four weeks ar longer. In some
embodim&ft ?{?&%ﬁﬁgﬁ%%ﬂ?ﬂ&gg g@%ﬂﬁ%’@&%ﬁ%ﬁ%ﬁ%ﬁ?ﬁ%ﬁ%ﬁ??&%ﬁ%& RYHHIm selected from
an increasiedtldtigéerinmhbensipositipletelspamiaadiis bowel movements (CSBM) in a week, an increase
in the number ORE’SOQIE%P{}%OUeSfb%Y}{%'S mo%%mgr%t‘s SBM) in a }/]veek, improved stool. consistency,
reduced straining, reduce abdomimal discomor Teglced B %ﬁﬁ%rl%dcuegé%ﬂ?é‘\%}rity of
constipatiormprisingtoviadomnsiste Ay ofreact BN mayehe:honitotieddoy, the HepoidtdBrigtak Stool Fortn
Scale. (B =.hard | =1 sage. 3 w.gracked sausage..4 -= smooth sausage, 55 =
soft %mpzjf)ggﬁrﬁﬁégfgyg%&:mv%?@%r%f %qsg%ﬁ%%rﬁay ﬁ%ﬁrg(‘}}l%%?g%ngf ?ﬁ%%%%iﬁ?“é%*‘é%“ ‘Pdssage Scale
(1 = maniiardielidpactohremenshtiseBreescpiabievetahenaifing, ScatippsdratedsiienmiMg 4 = mild

straining, &, N, SUANgKS NAGPRATY: shFdPGUINGNY ninabbh ;Qg_ mﬁﬁégé%‘i Ry dhyg.pensation of
ing and s

complete emptying after an SBM (yes/no). Abdominal discomfort, bloating everity of constipation
may be nf@4sOPEENGEngIE. 8 PhasoaesHbqdbransaPebltd nder () apphyimeahe pogtBgate, 4 = severe,
5 = very sevaris-to a phusaiten@iing dnertion mayBeaiauided igspnhacmacestically acgeptable salt

i.e., a cation with an appropriate counterion. ExamPIeS of pharmaceutically acceptable salts that may
be uskd iFFIRE G ENTEBY MO/ SIRAGHETRATEIER Magreshin Alerateh e ghaungAomiside,
magnesiurhghedodate, spagnasiuntisdfaie; calciravaagialendalcinaeigsiedclbsaleiymphosphate,
calcium s\%llf%te Einc ace ?ggn zinc CQI%EideI,. in[c thsggate, zirﬁ sulfate,bma]nganese acetate,
manganese cﬁl%rl e, manga eSE T %sﬁr%iteifnmar?ggne%%ﬁ%ﬁ ate 2o QAR e e Botassium
chloride, pbtamssigmipibsphatestpotaksim thatfats, ssdditinm gidtatendduuireshiGijddestidiim
phosphat, siggw f IDYMS ' ride hosphate or aluminum
sulfate. In&?ome e%%%gd?r%%etﬁégmé% pharn%?:@&ﬁm’:%%%%%%g g%%éy&;&:%g%%%gcﬁém chloride,
calcidm cepborptsecaiiehiiHeetits alaypdditraschibr kel vingmebumeeedioady Aerspieblate and zinc
chloride. H&Juﬁ@saa%m*aqgi@i@p&gg@m&tmwﬁ%ﬂyﬂ%ﬁﬁ@%ﬁﬂ&%&%m%&gnyﬁ% iS:falcium

an

chloride, mai%nesium chloride zinc acetate. As used herein, the term "binder" refers to any

pharmac@GtaTRT ARCHRINE Hifide £oBi R B eULed 1A tAEAREEe of the invention. Examples of
pharmaceutically Ascegialpbaminagars iachidelswtdaombinitatioTad SEfChMe . KomMastarch, potato
starch anq pre-gelatinized starch (e.q., STARCH 1500(r) and STARCH 1500 LM(r), sold by Colorcon,
Ltd.) and %%hésr %%f?jéhggf}} hRAftot é?ﬁ&n?{’ée AL ﬁéﬂﬁf@ﬁ%"%&%‘ﬁé &ﬁ?%cgﬂé%é‘)é‘%%cia, powdered
tragatanthipggar duns detl losefamdiitsatle rvatieadly (Brgsrodgihydeeylatose, 3@hyeoxygethyl cellulose,
hydroxye | ( | cellul and hydroxyprap met Icellulose
(ypromel R RN
carboxynfetpynadshisisd miastuggussthdleini v gmidioumystintletidd fdosel (e AVIDELTI, such as,
AVIOELRI:d0%TMcq BEENRMI AGSTAL SOIEOREMG CRIROragn, MAEHSIdaRk EALASA))
polyvinyl alcohol, yg&ylnyl yyrolidone (e.g., poly\g{%ggrqhdone 30), and mixtures thereof. As
used herdAMHKE terfE fifs - 3 AARHYS I BiaHy dulsied i mere pmbR fiteh that Amirpetided in the
praciice afsthedivrisinshExampiesehnhaimacatiicaliassapiabls tilars:ppeludenvithqptlimitation,
talc, calcium aérbonate ée.g., ranules orépgwd%y,.dibﬁ%i calcium phosphate, tribasic calcium
phosphatzes,sggﬂ AT aRHARCTEE: SOTANARY SPBOHEER t Wy aifte Lt S e §Rhdel PH101 or
Celpheres@Re30% hipdwaezedneallutlesendexicaie sh&k antimt maphit dlySibidisiagiddsarbitol, starch (e.g.,
Starch 1 re-gelatinized starch, lactose, alucose, fructose, galactose, trehalose,. sucrose,
maltoseﬁgx%f)ﬁgfﬁg?g%ﬁ%%éoi e’a[{t%ﬁcﬁ?nr}]é ggzil?(és%gas %Eé Cf;g éi?ggﬁ?g?ﬁg}gi il efnfyﬁ?glf' myoinositol,
and mixts@vthe@ofhEsembpletiorf phaniacend&ly, acemptatsiehfirsatmbshbb partigstarly used for
coating Wi RCioR iRGHIE WEhAURIBHRUAEN (s I SASRISAINS A 03, Qeaifigsh PH 101 or

Celphere CP-305), powdered cellulose, dextrates, kaolin, mannitol, silicic acid, sorbitol, starch,
pre-gelatfiZE B el RYAGEes itoss it i dctEaehtrenah d65ab7a1iéen 8¢, maltose, isomallt,
dibasic calgismplasphaserfaffinose, 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, disintegrants, dispersing additives, lubricants, glidants, antioxidants, coating additives,
diluents, surfactants, 20flavoring additives, humectants, absorption promoting additives, controlled
release additives, anti-caking additives, anti-microbial agents (e.g., preservatives), colorants,
desiccants, plasticizers and dyes. As used hefein, an "excimen is any pharmaceutically
acceptable additive, filler, binder or agent. 25As used herein, "purified linaclotide" is linaclotide or a
pharmaceutically acceptable



salt thereof that is greater than or equal to 90 percent pure or greater than or equal to 95 percent pure.

In some embodiments, linaclotide as used in the methods and compositions described herein is

purified. Linaclotide purity can be measured, for example, by chromatographic purity of linaclotide

using reversed phase HPLC as described in Example 30 21. Linaclotide Assay [w/w1 can be

determined, for example, b%g.sin%{ge ersed p}asf;x?3 <J—!ﬂP C with quantitation via external calibration with
Ih . P

a reference standard as Q6scibe SMple FTBHE HIS5L SO TR A TRARRTEES Tomposition

xample
may be prepareddnyisphayineptabilutioiecdimprising lindoleticentira pharmatenic adynaeneptable salt

thereof, op- amp%wm eutiﬁallgé aap&e}g;abég dfiéltsaécg?cgﬁygrg#e IicEjacIotide-coated iller. In one

. N N CIE THNIATY amine, wiere € 1411 .
embodiment, the method comprises: (a) providing a-solution, €.g., an aqueous d6ltition E(gt%e coating

solution") iBeermirisi g s(Ddinasibutecd it thsmﬁéeatimwvaceamh@mmgm@&e@m@i&@atior_l
selected fiamoMazss 6. ARLMPEGa L or Al aRdI%y 2 steroally pindeged gripary amine (2.9,
leucine) and, optionally, (iii) a pharrz'gaceutlcally accep%able binder, and (b) applying the coating
solution tG'BYSIHERSHcBGtIERI B dee ptdbleotie R odimanite tho kasisptid ercuided filleviteoyt, by spraying,
mixing or geRtinghapRamacrdtisalmaAsceRiatiaIflaL Wil QQM%BFLQ&?W@HQSJHF method can

optionally include one or more of: (i) blending the polypeptide- coated filler with a pharmaceutically
acceptabl¥'fitfaft! A PharrAETHEAN QUeHPtasNCiHBrRIHPBIS: SRikHHRa suliRcamnadeesable additive
that acts ambeHlaigdidant gad fuldcaint {i)fendinghepalyRentemcantadfillgiawith filler that is not
poly gptide-coated, gﬁ?g%l}eﬁlnding the %olé%%%)tide-coated filler with other additives; and (iv) applying a
15 pharmJREHREPACHENSLTREEARMY it E I THEP SR ptRIASRB A HEIder Rat ATy
pharmaceuticph@enpposiion calfdoe gldcerl intmeapsdiles (Rigridiclaiinaapbodehae, usddita form tablets.
In another mhodimentyihe pharmaceyticalsompositions prepared by spray dning whigh is 2
technique Used'{o prepare mlcroparﬂ]clfés“te.g., microcapsu el mlcrospaheres of 3rugs.
Spray-driéerbeptidbsdymneisa e ctaimn thairdivlabisahagiisitynu poloritiss olitiom ahthriday have useful
Physical GhaRGIGHRARRID LM HPHE L PALIEIR e and.a RNglIEaLBIRBR,InAdH N the

ich is helpful for

micrfgarticles prepared by spray drying are often free flowing, w pharmaceutical

manltiactSPiigpredesr e g moshmigitadesshsnamnnddmensuiescatipraly Brytidegicesses are also

useful becalsgadheixmRy herrRadil serlegk ¥R faicZrelinical and commercial manufacturing. Thus,
this disclosure features a method for preparing a pharmaceutical composition comprising linaclotide or
a pharmaceutic BELPEIR Ut RS BN TTRDERES RIBASTAY PrT o t1aiRG 4Bl e.g., an
aqueous embrganiasaiatios cimprhisiagd (Y naclefite:of mphaimacrutieaiyt agaaptable salt thereof;
and (ii) a cation.selected from Mg2., Ca21-, Zn2t, 30Mn2t, K, Na: pr. Al3t /or a sterically hindered
primary a?n’"‘.‘tr?é’g(‘é‘?a’?f’éfc?r‘% %ﬁg%ﬁi %6%@%%/’?%8‘%”@%5@&?&5&%%&ﬁ%ﬁg%ﬁ%"ﬁon to produce
micrdpartistésdithentirhe idellyortaining solutiorichn sitvediipmnchede@polymistingudh as one or
more of the hipgler, ciibed harein,. alipi spholipi cg filler, such annitol. The
method can optjé%?l@ﬁinclude’one ors %ﬁﬁf&d@é@ﬁgﬁﬁ%ﬁz 8%?( }%ﬁﬁgﬁgﬁgﬁ%é %aia% o%ﬁ;'ﬁ 18
micropartfSRE &R Pranh Abeenilysatsshabie hahe, Bphimncativalipeaceeprabre.ltisricant or a
pharmaceisically acceptapiaadliive ihatasts asibatha glidant andduhrigaptifighiapging the

micropanicles with a filler, and/or (iii) blending the microparticles with other additives. 5The final
pharmaceTRR RSRpBSifigh Ril BEHRGERRIC A ilde fng orgarhivriassHid) grtheedh® form tablets.
In ottfer enabediyestsnine phafoace WiRAkGANPOSHIR IS MRRRFRMDHYHSRIBN (1R Zend BYHID,
supercritic;gj fluid processing or I¥orpﬂilization. of a s.olutio_q, e.g.,yan aq gous or organic solution,
comprising: {Ij Tnaciotide’dr a pRarmaceuticary e esites Wﬁ’f}e?@b‘?; SHYPL 6B ation selected
from Mg', aBa@scyZindtxMr2aricy Matod Aldwtandiera stesicadly Hindérabepembodiatarinal{e.g., leucine).
In some ' ' ' ition is provided in a.solid form for oral administration.
Ex‘f.:lmple%%cﬁB gﬂéﬁﬁf@?ﬁéﬁﬁlﬁg@ v%%ﬁ%%c% I ?t%ﬁ g&%@é@ ég'gl%%ﬂwbé%yaag’"éﬂ%ﬁ a }(l:é?ossaﬂ’lé or a powder.
In some embodifeHer ehbedimpoisitibers caproddsdetplnoragtat il nirprsalders Jomnesing tablets,
capsgles ;3aalets. R RFYISLS e 481l AFRINISIRIRS 6O RASHORRCAY P?&H%@%fﬂf@%@ﬂh& binders,

lubricants, ingrt diluents, lubricating, surface active or dispersing additiyes, Ia;\iorin additives, and
humectarlt¥ O Hdirttefed-idrivaktn sttt ks ediom dhy. dEoralye éddfed or scored and

may be forendatedisa-asdtiprpravidersrhsianes. delryasancoptalled refedse @fdadinaclotide therein.
The linaclotide,70can Lge co-administered ogfco-forﬁulagzd with gther medications, In gqne embodiment,

L A t¥ér meticaions\i8ed fo thator

the linaclStit é’comp05| iGA AN bR B AR

gastrointestinal disorders. The linaclotide composition can also be used for treatment of disorders
outside the gastrointestinal tract such as congestive heart failure and benign prostatic hypertrophy.
25The compositions can include, for example, varipus additional solvents, dispersants, coatings,
absorption promoting additives, controlled release *Additives, and one or more inert additives (which
include, for example, starches, polyols, granulating additives, microcrystalline cellulose, diluents,
lubricants, binders, disintegrating additives, and the like), etc. If desired, tablet dosages of the
disclosed compositions may be coated by standard



30aqueous or non-aqueous techniques. Compositions can also include, for example, anti-caking
additives, preservatives, sweetening additives, colorants, flavors, desiccants, plasticizers, dyes, and
the like, Suitable disintegrants include, for example, agar-agar, calcium carbonate, microcrystalline
cellulose, croscarmellose sodium, crospovidone, povidone, polacrilin potassium, sodium starch

glycolate, to or tapioca starch, other starches, pre- tinized starch, clays, other algins, other
celluloses‘,gglﬁ?(ﬁé‘aan %&%ﬂﬁ%ﬁé’fe@ﬁe §ﬁftla%le’lu icé% Sinkid é,é‘éﬁﬁeeiﬁm ?&‘%ﬁ?&iﬁgstearate,
magnesiuphastearaiocBmingradioin lightenicemal Bis glpbemmcsoribitbl; menmitsl pokjathytzaeaglycol,
other glyc ic acid, sodjum lauryl te, talc, hydro ted vegetable 0il (e.g., peanut oil,
cottonsee@l)m , tg%%n[‘h%\%vﬁ r%ﬁfgg{e@ﬁ{gﬂ?bﬁg/%lgl ?%c%frﬁ{@lhgﬁzné)?géaaﬁg%?& I %Ag eta%rEﬁ, ethyl oleate,
ethyl Iauré@?@gﬁ@@@ié&%&@ém@@momﬁmw:i@ﬁﬁimma;emwi@@m, a
coagujated ARLa8ah ahayDUSHC ffIleR [RYOMK DIAGHRRRA: dnc R L U B RPYRGERIS Siicon
dioxide (CAB-O-SIL, Cabot Co., Boston, MA USA), and mixtures thereof. ~ Suitable glidants
include, févERaffe MeltiHduasrprIaPediosH bRt Ay Resme grisisarsipowaladedcshalose,
starch, talgeanguffiBasic G CEMiRNAARR M ylalan Bk ARIgRNhGakiRG addfiyea inglgle, for example,

calcium silicate, magnesium silicate, silicon dioxide, colloidal silicon dioxide, talc, and mixtures thereof.
15Suitabl 8 4RIR /oM H1e MR BRIR af ALY EIRE L SEES By hEeHSH SRR R YOPIRBMARaclotide
compositiarshisiahedadosin@ynltirtepzakanivinighioridanbensath e eiaridechenzgic acid,

ben )()Ialc hal, but I#) raben,.c%%/l%}/ridin'g .chloride, cresﬂ, chlorobutanal, dehydroacetic acid,
ethy araB v SO B AEREE SRR LIRS U BB ARSI M SRS acetate,
phenylmescusichitsate, spdithssicm the thate; ROpeomylpg rab@n, :eaHiv tadeerez dateyosiodium

dehydroa . [ ropi e, sorhic acid, thimersol, thymo. and mixtures thereof. Suitable
coaiing s B e S A R RS e punalate
ethylcelluléeecaye diricpttbprimesttivaielare, dxpdrpiky tropyricellv beelerydipoxypropylimestiayicellulose,
hydroxyprigpyLnathybeeldlas s pltbalatey ﬁm&émdf%%lmm%nﬁgéx,eﬁgl%&lmLflqevxv(ip_y' acetate

phthalate, shellac, sucrose, titanium dioxide, carnauba waXx, microcrystalline wax, and mixtures
therdof. STREDIEHIBEH e coatings include Aquacoat (e.g. Aquacoat Ethylcellulose Aquaeous
Dispersion, 15%xwymé MSeSiapalyrmahiis Pcdn Eldiagi (faefudiadi F RhPRELoRaehm
Pharma Polém((se@)_ and O%%(%/% ge_g) Opadry AMB dispersion, 20% w/w, Colorcon), 3QIn certain
embodimé&ies, SHitab IS BRARRAL P e hh ARtSRHE LoHBB SRR ha R BEb I mdi¥ oF crose, talc,
magnesiuincsielar dtsjrebbsfiovidomneliar Bt of catidh: ceriaill erbieén prtsathaiensn@9b%" may be
95.0%, the. term "90%" may be,90.0%, the term .10%" may be 10.Q%, the term 9%.may be 9.0%, the
term "8%'Erzri1a§i/’glggm§{6%,et U‘taelft)r{r)1 Q?%Qarﬁ‘ég' e %?O%Sjgth%egttg?rehn(')%%ﬁﬁr%?yﬁbe%'é%iﬁ tﬁ%’r’%glin 5%" may
be 520%, taecteh 19ds mikydbe 1006 ¢Healbr i@ dmayioy 300%; inedetitic'294", may be 2.0%, and
the term "&3" miard6id:0%idn) SHERLR GTRRPARERIS. Bedinadiaide sompagifiopispiovided in a unit

dosage form. 5In some embodiments, the unit dosage form is a capsule, a tablet, a sachet, a pellet or
a powder 8H%8kk g@éﬁlén@fﬁ&ﬂﬂﬁwéﬁ’,%éslﬁr‘ﬁ:tzﬂb’sadgégfbin?%z&?éab@m@ bri@BidtostiéR:tinit dosage
forms maysbecomtained inneeoMaIResSUE pasMtNaHE linitaian & RaRR ppGaIdbeard A, a glass or
plastic bottle or jar, a re-sealable ba%\gtor example, to hold a "refill* of tablets forf%lacement into a
different chRTHIRBATESTA BIRsteP pack ovih WG obded Fof A 6pRedndl Gupiot 1B Pl Zcording to a
therapeutic schethdevdigis fefdsiblecthdd sppriedhan gRencasiginer fiderhe gsaddoegaitieninea single
package to provide a single dosage form. For example, tablets or capsules may be contained in a
bottle whic P?lﬂsp{?Ff%ucr&hmcvo a?lrﬁrendﬁvv%tﬁﬁ'a 10()}((5 I3 %%Ortr‘?egeﬁrtﬁgégimeﬁfs,%oél tu%&d%%ﬁ@%%@%re
provided m&'@dmmh@dmé]emmﬁsim@% mmmm;.l na ﬁutthgr eanh:bddnmthmeugm dbsage forms,
0. @ AupRlioAld BRI %Y SR MERHRS RIS SNANE TS E 23 IR IRL LG Seaiable

bag, containing a desiccant. In"a further embodiment, the contalner containing the unit dosage forms is

packaged&ghtabirfikiShatich BrrdBSade inamseivisdom sémewieitlsatdiments, the linaclotide
comggsition is P@Vkﬂﬁﬂjér&ﬁﬂﬂﬁﬁﬁﬁ&iﬂﬁg%ﬁ%&%ﬁ%@&?ﬁﬁfﬁ%@ﬁﬁd@%@ﬂ angsampinagion therapy
e

agents can be packaged as a kit that includes single or multiple doses of 20two or more agents, each
packaged® SPBHHYUIALEN Tt AERRMG B SiAdg Br Hrumsh T s U1 fis SFidTe BgBvteHdtiaged or
formulateghismeniahingtitimidd)ysuthaitinac ofige cempesiion tafk hedmesent iasfissi gantainer, and the

kit can optionallé/ '&EUde one or more agents ina s?‘cond c%ftainir. TlPhe container or coptainers are
placed withii 4 ackag s and tHE pARkAgE caBIRSALISTiNATGe ABRTEAATSAPS ISR instructions.
25 EXAMPLES The following examples are merely illustrative of the present invention and should
not be construed as limiting the scope of the invention in any way as many variations and equivalents
that are encompassed by the present invention will become apparent to those 30skilled in the art upon
reading the present disclosure. Linaclotide or d‘bharmaceutically acceptable salt thereof may be
produced and purified using standard techniques known in the art, e.g., chemical synthesis or
recombinant expression followed by and purification using standard techniques.



Formulation Scheme A 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 to the solution in a quantity to provide the desired concentration, and the 5solution is
mixed for sufficient time to produce a clear solution. The sterically hindered primary amine, if used, is
added to E}he dsolgtion in a quantity to provide r‘EPze desired concent&ation, and the solution is mixed for
sufficient fime o groduce a ciear %&?J%gﬁt. e P S e N ACKE O ATURRIAREIHERRS added, if
desired. TlaezpHrohitrersolbtianis ¢edtediandyhictrochioridacibeiscagidetheit recel gaindtagdroduce a
solution havi e n.1.5 10and 2.0..The binder is then added to the solution and the mixture
is then sti?r%ﬁ%@?%ﬁ%c%%ﬁ%&@%% I'iglf\:/' "acgllg)asragoﬁ %lﬁ?ﬁaﬁgng sired amount of linaclotide is added
to the solution and mixed for 30-100 minutes to provide the coating solution. Pré&paration of the
Active Beads- Approximately 30-36 g of dried microcrystalline cellulose beads &re.a 10 a Mini
Column Fluid Bed Coater. The microcrystalline cellulose 15beads are fluidized and heated prior to
layering. Next, the coating solution is layered to the beads. The spraying temperature g, controlled
between 24C and 55C b cor%ollin inlet temperatyre, spray rate, atomizatjon pressure, and air

volume. After th&&i3% CHNGS ORI S AP PITY BRI R EBA%d M re dried. The product of
this pfoceshds=heftrrBe 1odaR;act vadbpaden? ) RekpaihiiomoHAcve BaadS I dRcotective Coating:
Approximatel f Active Bea eﬂqﬂ%% to a Mini Column Fluid Bed Coater, T tive Beads
are quidiz(ﬁg%%%%ét ﬁf)lﬁgrb o?:%%f?&n'g Wi E’au%"c%/gtq e?}g“?rﬂr%ﬁgcggilgﬂ%%eerﬂﬁwsﬁ fq@é;eous
Dispersionikbs9alivorMS Bitpolimeyp QD3R e Endrayitf (g . abydagitsk P@uREHeke Roehm

Prarma RRNMEEPYOmGRARNR G RAIN AMELIRIRIN A0 TR SV RIREO R b Bty (i, CoaliNg

25solution is layéered to the'beads. The spraying temperature is controlled between 24C and 55C by

controllingiflet ReaiideRaniedsphiay furbenemhndimsatpressare Pt Ydtunfe. aaftdstisdentire coating
solutign is layereghiadhe-haags, hebeads A edrieds EHMHAtOMSEeHERiRIEAARTion of the

Coating Solution; Approximately 8.3 kg of purified water is mixed 30 with hydrochloric acid to create a
solution Wit HFBewieeriP oAl Fo Uptfa LatR tuspsdifishanadkid aRiBdRmiaimt a2uantity to
provide thextesiseshraagentratieatandihassolutianisomixesdor-sulfisientivme, topragduse a clear
solution. The sterically hindered primary,amine, if used, is added to the solution |n a quantity to provide
the desireadmgg’rﬁc'é?n(‘t‘?’g&?onnftgrﬁ ﬁgg I:sgo(fu ROR A9 oarr%‘fjfﬁc(‘?gﬁ%ﬂlr%%pﬁH&ﬁh‘é@%ﬂéﬁ? 5gfution.
Other additves] suotetsiaetiokidantsy s e dpherp pld ddd;t il destredl, Theidyindéniglthen giddehio the-
solutign ag%mg&qwgg@ #s-myxed for sufficient time to achieve a clear solution. The p1-1 of the
solution is tested, &and hydrochloric acid is added if necessary to produce a solution having 5a pH
between L5 andrReHieis, SOIMIRAL AMROUIAleh: B340 utia WIPL MR W
hydrochloric acid to create a solution with a pH between 1.5'and 2.0. The desired amount of linaclotide
is added (& BIRRIAENPHINEYHEF Y B RYESD HhiRE e THY BH BPAEsBIGEeH Ritedietland
hydrochlaiigrteidoiscadidas of fecassandaROGUESDSAULIRYIhAY Rg A RbKHeMEsN domBRREZ.0. This is
Solution 23'5%94%“&” n}aaréd SotI)uggn 2 t%ret en n}ixed Oto[gether. The § of ge so!%i%g IS tested, and
hydrochloric acid s agoed | n8ceﬁ:s‘&:snaryet‘éapuf‘?)sd%cIéaé1 sOtutidhAaviRg: M‘ '5'8hd 2.0. This is
the @6atingtsbitition carbofrdpadatidrtefctnalicilel BaddBoApproximatalyiPdat kg of microcrystalline
cellulose b to ter n of =30 Fluid Bed. The microcrystalline
P R R AL

cellulose beads are edte %45-47C. 15Next, the coating

soluton s 2yered, (i hed TOAPAAdNCH SAIPYING IFIDPIAIR s spmyralldBspueen 37C and 47C

by controlling inlet temperature, spray rafe, atomiza ssure; a irvolume. Atfter the entire
coating sORTtiBhASFEGE RIS tFef B 013 carRosEalisriTe e witsaiproderst enfinsemierature of 37C

to 47C. ThaRmusLa{HNSRINRRSS B RIBHAHIP ARG RABHS LG EXamBles e 15, Rigparation of
Linaclotide Formulations The linaclotide formulations of Examples 1-15 were produced essentially

as descriBHF N EorRTGIHE0R ERE HOUR W RTTPABRY 4 prBintds M imitin e breaiaghstBrically
hindered gprigaeynasmine imgar; naclotidgsand rabs; mhile: Takile 2 prpiiaes Hgieanditions under

25which (g peads el oatsdiTable, Sxanple Ggfion Amount (3* Amine

The term “heteroaryl” (or “heteroaromatic” or “heteroaryl group” or “aromatic

heterocycle”) used alone or as part of a larger moiety as in “heteroaralkyl” or

31



Amount [ ] Binder Amount Amount of Linaclotide a Beads Amount 1 Ca02.21-120 0.6740g 1601
Leucine 0.2005g [201 Hypromellose 1.019g 0.1282g Celphere CP-305 33.38g 2 CaC12.2H20 0.67409g
160) Leucine 0.3007g [301 Hypromellose 0.3063g 0.1329g Celphere CP-305 33.87g Example Cation
Amount [ 1* Amine Amount

“heteroarytalkoxy” 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
members and which has a single point of attachment to the rest of the molecule. Unless
otherwise specified, a heteroaryl ring system may be monocyclic, bicyelic or tricyelic and
5  have a total of five to fourteen ring members. In one embodiment, all rings in a heteroaryl

system are aromatic. Also included in this definition are heteroaryl 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 6,5 heteroaromatic system, as used herein, for example, is a six

10 membered heteroaromatic ring fused to a second five membered ring wherein the radical or
point of attachment is on the six membered ring.

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-isoxazoiyl,
5-isoxazolyl, 2-oxazolyl, 4-oxazolyl, 5-oxazolyl, N-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 2-

15 pyndyl, 3-pyridyl. 4-pyridyl, 2-pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyl, pyridazinyl (e.g.,
3-pyridazinyl), 2-thiazolyl, 4-thiazolyl, S-thiazolyl, tetrazolyl (e.g., S-tetrazolyl), triazolyl
(e.g., 2-triazolyl and 5-triazolyl), 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-triazolyl, 1,2,3-
thiadiazolyl, 1,3 4-thiadiazolyl, 1,2,5-thiadiazolyl, pyrazinyl, 1,3,5-triazinyl, and the

20 following bicycles: benzimidazolyl, benzofuryl, benzothiophenyl, benzopyrazinyl,
benzopyranenyl, indolyl (e.g., 2-indolyl), purinyl, quinolinyl (e.g., 2-quinolinyl, 3-quinolinyl,
4-quinolinyl), and isoquinolinyl (e.g., 1-isoquinolinyl, 3-isoquinolinyl, or 4-isoquinolinyl).

In various cases: the antioxidant is selected from BHA (butylated hydroxvanisole},
BHT (butylated hydroxytoluene), vitamin E, propyl gallate, ascorbic acid and salts or esters

25 thereof, tocopherol and esters thereof, alpha-lipoic acid, beta-carotene; the pharmaceutically
acceptable binder is polyvinyl alcohol or polyvinyl pyrrolidone; the pharmaceutically
acceptable binder is selected from: a starch (e.g., com starch, pre-gelatinized potato starch,
rice starch, wheat starch, and sodium starch glycollate), maltodextrin or a cellulose ether
(e.g., methylcellulose, ethylcellulose, carboxymethyleellulose, hydroxyethyl cellulose,

30 hydroxyethyl methylcellulose, hydroxypropyl cellulose and hydroxypropyl methylcellulose);
the pharmaceutically acceptable filler is ceilulose (e.g., microfine cellulose or
microcrystalline cellulose such as Celphere CP-305 or Avicel); the pharmaceutically

acceptable filler is a sugar or a sugar alcohol (e.g., mannitol, isomalt, sorbitol, dextrose,

12



[ 1 Binder Amount Amount of.. Linaclotide Beads Amount CaCl2.2H20 0.2247g [201 Leucine | .002g
[100) Hypromenose 0.0656g 0.1282g Celphere CP-305 33.86g 4 CaCl2.2H20 1.123g [100] Leucine
0.2005g [20] Hypromellose 1.969g 0.1282g Celphere CP-305 32.36g 5 CaC12.2H20 0.4493g [40]
Leucine 0.4009g [40] Hypromellose 0.5425g 0.1282g Celphere CP-305

i0

I5

20

25

30

xylitol, sucrose and lactose); the filler comprises particles having an average diameter
between 50 um and 1000 um; the lubricant and/or glidant is selected from: tale, leucine,
magnesium stearate, stearic acid and polyvinyl alcohol; and the lubricant and/or glidant is
selected from: caicium stearate, minerai oil, vegetabie oil, polyethylene glycol (PEG ; e.g.,
PEG that is liquid or solid at room temperature}, sodium benzoate, and sodium lauryl sulfate.

In some cases, the linaclotide solution used in a method for preparing the formulation
has a pH below 7 (e.g., a pH between 1 and 3 or a pH between about 1.5 and about 2.5). The
pH can be adjusted with, e.g., phosphoric acid. In some cases, the solution is buffered.
Various pharmaceutically acceptable buffers can be used (e.g., phosphate buffer),

In some cases, the linaclotide solution used in a method for preparing the formutation
comprises both a cation (e.g., CaCly) and a sterically hindered primary amine (e.g., leucine).

In some cases the linaclotide solution comprises CaCls and leucine; the binder is
methylcellulose; the filler 1s microcrystalline cellulose; the glidant and/or lubricant comprises
talc or leucine.

Also provided is a pharmaceutical composition prepared by any of the methods
described herein.

in another aspect, a pharmaceutical composition is disclosed that comprises a
pharmaceutically acceptable carrier, linaclotide and one or more agents selected from (i) a
cation selected from Mg®*, Ca®, Zn™*, Mn®*, K*, Na™ or A", or (ii) a sterically hindered
primary amine. In some embodiments, the pharmaceutical composition comprises at least
one cation and at least one sterically hindered primary amine.

Methods of using the pharmaceutical compositions to treat a variety of

gastrointestinal disorders are also described.

BRIEF DESCRIFTION OF THE FIGURE
Figure 1 demonstrates an example of an analysis of linaclotide by HPLC, wherein
“Oxidation” refers to the linaclotide oxidation product, “Formaldehyde Imine” refers to the
linaclotide formaldehyde imine product and “Hydrolysis™ refers to the linaclotide hydrolysis
product.
This figure is provided by way of example and is not intended to limit the scope of

the present invention.

DETAILED DESCRIPTION
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33.78g 6 MgC12.6H20 0.2590g [10] Leucine 0.3341g [20] Hypromellose 0.6636g 0.2100g Celphere
CP-305 33.83g 7 ZnAc.2H20 0.27964g [10] Leucine 0.3341g [20] Hypromellose 06636g 0.2100g
Celphere CP-305 33.82g 8 N/A Leucine 0.8944qg [27] Hypromellose 0.6636g 0.4387g Celphere
CP-305 33.40g 9 CaC12.21-120 0.3745g [10]
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Oral compositions containing linaclotide can be used to treat a variety of
gastrointestinal disorders. In various embodiments, the patient is suffering from a
gastrointestinal disorder; the patient is suffering from a disorder selected from the group
consisting of: gastrointestinal motility disorders, chronic intestinal pseudo-obstruction,
colonic pseudo-obstruction, Crohn’s disease, duodenogastric reflux, dyspepsia, functional
dyspepsia, nonulcer dyspepsia, a functional gastrointestinal disorder, functional heartburn,
gastroesophageal reflux disease (GERD), gastroparesis, irritable bowel syndrome, post-
operative ileus, ulcerative colitis, 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); the patient is suffering from a gastrointestinal motility disorder, chronic intestinal
pseudo-obstruction, colonic pseudo-obstruction, Crohn’s disease, duodenogastric reflux,
dyspepsia, functional dyspepsia, nonulcer dyspepsia, a functional gastrointestinal disorder,
functional heartburn, gastroesophageal reflux disease (GERD), gastroparesis, inflammatory
bowel disease, irritable bowel syndrome (e.g. diarrhea-predominant irritable bowel syndrome
(d-IBS), constipation-predominant irritable bowel syndrome (c-IBS) and/or alternating
irritable bowel syndrome (a-IBS)), post-operative ileus, ulcerative colitis, 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); the patient has been diagnesed with a functional
gastrointestinal disorder according to the Rome Criteria (e.g. Rome II), 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 ).

The dose range of linaclotide for adult humans is generally from 25 ug to 6 mg per
day orally. In a further embodiment, the dose range is 25 g to 2 mg per day orally, In some
embodiments, the dose range for adult humans is 50 pg to 1 mg per day orally (e.g., 50 pg,
67.5ug, 100 ug, 133 pg, 150 pg, 200 pug, 250 pg, 266 ng, 300 ug, 350 ug, 400 pg, 450 ug,
500 pg, 550 ng, 600 pg, 650 pug, 700 pg, 750 pg, 800 pg, 850 g, 900 pg, 950 ug or 1 mg).
In further embodiments, the dose range is 100 pg to 600 ug per day orally. In other
embodiments, the dose is 50 pg, 67.5ug, 100 ug, 133 pg, 150 ug, 200 g, 266 ug, 300 pg,
400 pg, 500 ug or 600 pg linaclotide per day orally. In one embodiment, the linaclotide
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N/A Hypromellose 0.6636g 0.4227g Celphere CP-305 33.83g 10 N/A N/A Hypromellose 0.68119g
(171149 Celphere CP-305 34.28g 11 N/A N/A Hypromellose 0.6636g 0.4227g Celphere CP-305
34.13g 12 CuC12.2H20 0.4342g [10] N/A Hypromellose 0.6636g 0.4227g Celphere CP-305 33.79g 13
ZnAc.2H20 0.5590g [10] N/A Hypromellose 0.66369g

composition is provided in a discrete unit, a unit dosage form, (e.g., a tablet, a capsule, a
sachet) that is effective at such dosage or as a multiple of the same. In certain embodiments,
the unit dosage form and daily dose are equivalent. In various embodiments, the unit dosage
form 1s administered with food at anytime of the day, without food at anytime of the day,

S with food after an overnight fast (e.g. with breakfast). In various embodiments, the unit
dosage form is administered once a day, twice a day or three times a day. The unit dosage
form can optionally comprise other additives. In some embodiments, one, two or three unit
dosage forms will contain the daily oral dose of linaclotide. The precise amount of
compound administered to a patient will be the responsibility of the attendant physician.

10 However, the dose employed will depend on a number of factors, including the age and sex
of the patient, the precise disorder being treated, and its severity.

In one embodiment, there 1s provided a method for treating irritable bowel syndrome
with constipation (IBS-c) in an adult patient in need thereof, comprising administering to the
patient once daily an effective amount of a pharmaceutical composition described herein. In

15 various embodiments, the pharmaceutical composition comprises 133 pg or 266 nug
linaclotide per unit dose per day. In other embodiments, 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 or longer. In some embodiments,
treatment with the linaclotide composition improves at least one symptom selected from

20 reduced abdominal pain, an increase in the number of complete spontaneous bowel
movements (CSBM) in a week, an increase in the number of spontaneous bowel movements
(SBMj} in a week, improved stool consistency, reduced straining, reduced abdominal
discomfort, reduced bloating or reduced I1BS-¢ symptom severity.

In one embodiment, there is provided a method for treating chronic constipation in an

25  adult patient in need thereof, comprising administering to the patient once daily an effective
amount of a pharmaceutical composition described herein. In various embodiments, the
pharmaceutical composition comprises 133 pg or 266 ug linaclotide per unit dose per day. In
other embodiments, 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

30 weeks, four weeks or longer. In some embodiments, treatment with the linaclotide
composition improves at least one symptom selected from an increase in the number of
complete spontaneous bowel movements (CSBM) in a week, an increase in the number of

spontaneous bowel movements (SBM} in a week, improved stool consistency, reduced



0.4227g Celphere CP-305 33.68g 14 MgC12.6H20 0.5178g [10] N/A H ypromellose 0.6636g 0.4227¢g
Celphere CP-305 33.72g 15 N/A Methionine 0.0380g [1] Hypromellose 0.6636g 0.4387g Celphere
CP-305 34.08g * "Cation" refers to the divalent cation contained in the salt used in the example,
"Amine" refers to the sterically hindered primary amine H refers to the molar ratio of the cation and/or

amine to Ilnaclot de e Amount of linaclotid and all following examples is determined
based on Peptide con er% o S ‘“hr%‘?é%o"graéhé%’e ret(é OB FTITIHEE SRR 0f Analysis provided

for each memtifizeetamred lot of linaclotide Active Pharmaceutical Ingredient (API). Table 2 Example
Product Spraying, JamR, (G ISLT £ 451 SRU% rnagen{g}la/lrgln&AtprgOllzmtg)mto I Stool Form
Scale (BSFS) (1 = hard lumps, 2 = lumpy sausage, 3 = cracked sausage, 4 = smooth sausage,

5 5=softlumps, 6 = mushy, 7 = watery). Straining may be monitored by the 7-point Ease 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 (yes/no). Abdominal
discomfort, bloating and severity of constipation may be measured using, e.g., a S-point

10 ordinal scale (1 = none, 2 = mild, 3 = moderate, 4 = severe, 5 = very severe).

A cation of the invention may be provided as a pharmaceutically acceptable salt i.e., a
cation with an appropriate counterion. Examples of pharmaceutically acceptable salts that
may be used in the invention include, without limitation, magnesium acetate, magnesium
chlonde, magnesium phosphate, magnesium sulfate, calcium acetate, calcium chloride,

15 calcium phosphate, calcium sulfate, zinc acetate, zinc chloride, zinc phosphate, zinc sulfate,
manganese acetate, manganese chloride, manganese phosphate, manganese sulfate, potassium
acetate, potassium chloride, potassium phosphate, potassium sulfate, sodium acetate, sodium
chloride, sodium phosphate, sodium sulfate, aluminum acetate, aluminum chloride, aluminum
phosphate or aluminum sulfate. In some embodiments, the pharmaceutically acceptable salts

20 1include calcium chloride, calcium carbonate, calcium acetate, magnesium chloride,
magnesium acetate, zinc acetate and zine chloride. In further embodiments, a
pharmaceutically acceptable salt that may be used is calcium chloride, magnesium chloride
and zinc acetate,

As used herein, the term “binder” refers to any pharmaceutically acceptable binder

25  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, Ltd.)
and other starches), maltodextrin, gelatin, natural and synthetic gums such as acacia,
powdered tragacanth, guar gum, cellulose and its derivatives (e.g., methylcellulose,

30 hydroxyethyl cellulose, hydrexyethyl methylcellulose, hydroxypropyl cellulose and
hydroxypropyl methylcellulose (hypromellose), ethyl cellulose, cellulose acetate,
carboxymethyl cellulose calcium, sodium carboxymethyl cellulose, carboxymethyleellulose,

microcrystalline cellulose (e.g. AVICEL™, such as, AVICEL-PH-101™T, -103™ and -105™™,
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Pressure (psig) Air Flow 1 34.0 - 37.0 55.7 - 57.7 0.33 -0.40 20 Low 2 27.4 - 32.3 37.01 - 42.1 0.40 22
Low 32.6 - 34.7 60.0 - 60.1 0.33 -0.40 20 Low 4 35.3 -39.3 58.9 - 59.2 0.40 18 Low 5 27.8-27.9 58.7 -
59.8 0.35-0.33 20 Low 6 32.1 -38.3 42.0 - 53.4 0.39 - 0.75
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sold by FMC Corporation, Marcus Hook, PA, USA)), polyviny! 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),
microcrystalline cellulose (e.g., Avicel PH101 or Celphere CP-305), powdered cellulose,
dextrates, 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, Jactitol, palatinite, xylitol, myoinositol, and mixtures thereof.

Examples of pharmaceutically acceptable fillers that may be particularly used for
coating with linaclotide include, without limitation, talc, microcrystalline celulose (e.g.,
Avicel PH101 or Celphere CP-305), 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, myocinositol, and mixtures thereof.

As used herein, the term “additives” refers to any pharmaceutically acceptable
additive. Pharmaceutically acceptable additives include, without limitation, disintegrants,
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 dyes.

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

As used herein, “purified linaclotide” is linaclotide or a pharmaceutically acceptable
salt thereof that is greater than or equal to 90 percent pure or greater than or equal to 953
percent pure. In some embodiments, linaclotide as used in the methods and compositions
described herein is purified. Linaclotide purity can be measured, for example, by
chromatographic purity of linaciotide using reversed phase HPLC as described in Example
21. Linaclotide Assay [w/w] can be determined, for example, by using reversed phase HPLC
with guantitation via external calibration with a reference standard as described in Example
21,
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In one aspect, the pharmaceutical composition may be prepared by spraying a solution
comprising linaciotide or a2 pharmaceuticaily acceptable salt thereof, on a pharmaceutically
acceptable filler to generate linaclotide-coated filler. In one embodiment, the method
comprises: (aj providing a sojution, e.g., an agueous solution (“the coating solution”),
comprising: (i) linaclotide or a pharmaceutically acceptable salt thereof; (ii) a cation selected
from Mg"™*, Ca’*, Zn**, Mn™, K*, Na* or Al>* and/or a sterically hindered primary amine
(e.g., leucine) and, optionally, (iii) a pharmaceutically acceptable binder; and (b) applying the
coating solution to a pharmaceutically acceptable filler to generate polypeptide-coated filler
(e.g., by spraying, mixing or coating the pharmacecutically acceptable filler with the coating
solution). The method can optionally include one or more of: (i) blending the polypeptide-
coated filler with a pharmaceutically acceptable glidant, a pharmaceutically acceptable
tubricant or a pharmaceutically acceptable additive that acts as both a giidant and lubricant:
(i1} blending the polypeptide-coated filler with filler that is not polypeptide-coated, (iii)
blending the polypeptide-coated filler with other additives; and (iv) applying a
pharmaceutically acceptable coating additive to the polypeptide-coated filler. The final
pharmaceutical composition can be placed into capsules (e.g., gelatin capsule) or used to
form tablets,

In another embodiment, the pharmaceutical composition is prepared by spray drying,
which is a technique used to prepare microparticles (e.g., microcapsules or microspheres) of
drugs. Spray-dried peptides generally retain their biological activity upon dissolution and
may have useful physical characteristics, including a uniform particle size and a spherical
shape. In addition, the microparticles prepared by spray drying are often free flowing, which
is helpful for pharmaceutical manufacturing processes such as forming tablets and filling
capsules. Spray drying processes are also useful because they may be readily scaled up for
clinical and comimercial manufacturing,

Thus, this disclosure features a method for preparing a pharmaceutical composition
comprising linaclotide or a pharmaceutically acceptable salt thereof, the method comprising:
(a) providing a solution, e.g., an aqueous or organic solution, comprising;: (i) linaclotide or a
pharmaceutically acceptable salt thereof; and (ii) a cation selected from Mg™*, Ca®*, Zn™",
Mn®*, K*, Na* or Al** and/or a sterically hindered primary amine (e.g., leucine) and (b) spray
drying the linaclotide-containing solution to produce microparticles. The linaclotide-
containing solution can optionally include a polymer, such as one or more of the binders

described herein, a lipid or phospholipid, and/or a filler, such as mannitol. The method can
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32.4 57.4 0.65 22 Low 14 34.0 49.0 0.75 20 Low 15 24.1 -39.9 48.5 - 55.9 0.39 - 0.65 22-23 Low
Example 16: Preparation of Linaclotide Formulation The linaclotide formulation of Example 16 was
produced essentially as described in 5Formulation Scheme B wherein Table 3 provides the amounts
of cation, sterically hindered primary amine, binder, linaclotide and beads, while Table 4 provides the

condiions under which ine besds wers sosted Table 3, xample Cation Amount| | Apine Amount 1
Binder AnSBURt AmBUNESI RSBt BENEANRI W 18 Ckadooihsgn P
with a pharmaceutically acceptable glidant, a pharmaceutically acceptable lubricant or a

pharmaceutically acceptable additive that acts as both a glidant and lubricant; (i1} blending
the microparticles with a filler. and/or (iii) blending the microparticles with other additives.

5  The final pharmaceutical composition can be placed into capsules (e.g., gelatin capsule) or
used to form tablets.

In other embodiments, the pharmaceutical composition is prepared by spray freeze
drying, supercritical fluid processing or lyophilization of a solution, e.g., an aqueous or
organic solution, comprising: (i} linaclotide or a pharmaceutically acceptable salt thereof; and

10 (ii) a cation selected from Mg, Ca®*, Zn™, Mn**, K*, Na* or AP** and/or a sterically
hindered primary amine (e.g., leucine).

In some embodiments, the linaclotide composition is provided in a solid form for oral
administration. Examples of such forms include, without limitation, a tablet, a sachet, a
pellet, a capsule or a powder. In some embodiments, the compositions can be used 10 create

15 unit dosages forms, e.g., tablets, capsules, sachets or pellets. Orally administered
compositions can include, for example, binders, lubricants, inert diluents, lubricating, surface
active or dispersing additives, flavoring additives, and humectants. Orally administered
formulations such as tablets may optionally be coated or scored and may be formulated so as
to provide sustained, delayed or controlled release of the linaclotide therein. The linaclotide

20 can be co-administered or co-formulated with other medications. In one embodiment, the
linaclotide compesition can be co-administered with other medications used to treat
gastrointestinal disorders. The linaclotide composition can also be used for treatment of
disorders outside the gastrointestinal tract such as congestive heart failure and benign
prostatic hypertrophy.

25 The compositions can include, for example, various additional solvents, dispersants,
coatings, absorption promoting additives, controlled release additives, and one or more inert
additives (which include, for example, starches, polyols, granulating additives, |
microcrystalline celluiose, diluents, lubricants, binders, disintegrating additives, and the like),
etc. If desired, tablet dosages of the disclosed compositions may be coated by standard

30 aqueous or non-aqueous techniques. Compositions can also include, for example, anti-caking
additives, preservatives, sweetening additives, colorants, flavors, desiccants, plasticizers,
dyes, and the like.

Suitable disintegrants include, for example, agar-agar, calcium carbonate,
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mucrocrystalime cellulose, croscarmellose sodium, crospovidone, povidone, polacrilin
potassium, sodium starch glycolate, potato or tapioca starch, other starches, pre-gelatinized
starch, clays, other algins, other celluloses, gums, and mixtures thereof.

Suitable iubricants include, for example, calcium stearate, magnesium stearate,
mineral oil, light mineral oil, glycerin, sorbitol, mannitol, polyethylene glycol, other glycols,
stearic acid, sodium lauryl suifate, talc, hydrogenated vegetable oil (e.g., peanut oil,
cottonseed oil, sunflower oil, sesame oil, olive oil, corn oil and soybean oil), zinc stearate,
ethyt oleate, ethyl laurate, agar, syloid silica gel (AEROSIL 200, W .R. Grace Co., Baltimore,
MD USA), a coagulated aerosol of synthetic silica (Evonik Degussa Co., Plano, TX USA), a
pyrogenic silicon dioxide (CAB-O-SIL, Cabot Co., Boston, MA USA), and mixtures thereof.

Suitable glidants include, for example, leucine, colloidal silicon dioxide, magnesium
tristiicate, powdered cellulose, starch, tale, and tribasic calcium phosphate.

Suitable anti-caking additives include, for example, calcium silicate, magnesium
silicate, silicon dioxide, colloidal silicon dioxide, talc, and mixtures thereof.

Suitable anti-microbial additives that may be used, e.g., as a preservative for the
linaclotide compositions, include, for example, benzalkonium chloride, benzethonium
chloride, benzoic acid, benzyl alcohol, butyl paraben, cetylpyridinium chloride, cresol,
chlorobutanol, dehydroacetic acid, ethylparaben, methylparaben, phenol, phenylethyl alcohol,
phenoxyethanol, phenylmercuric acetate, phenylmercuric nitrate, potassium sorbate,
propylparaben, sodium benzoate, sodium dehydroacetate, sodium propionate, sorbic acid,
thimersol, thymo, and mixtures thereof.

Suitable coating additives include, for example, sodium carbox ymethyl cellulose,
cellulose acetate phthalate, ethylceliulose, gelatin, pharmaceutical glaze, hydroxypropyl
cellulose, hydroxypropyl methylcellulose, hydroxypropyl methyl cellulose phthalate,
methyicellulose, polyethylene glycol, polyvinyl acetate phthalate, shellac, sucrose, titanium
dioxide, carnauba wax, microcrystalline wax, and mixtures thereof. Suitable protective
coatings include Aquacoat (e.g. Aquacoat Ethylcellulose Aquaeous Dispersion, 15% w/w,
FMC Biopolymer, ECD-30), Eudragit {e.g. Eudragit E PO PE-EL, Roehm Pharma Polymers)
and Opadry (e.g Opadry AMB dispersion, 20% w/w, Colorcon).

In certain embodiments, suitable additives for the linaclotide composition include one
or more of sucrose, talc, magnesium stearate, crospovidone or BHA.

In certain embodiments, the term “95%” may be 95.0%, the term “90%” may be
50.0%, the term “10%” may be 10.0%, the term “9%" may be 9.0%, the term “8%" may be
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Example 17: Preparation of Linaclotide Formulation The linaclotide formulation of Example 17 was
produced essentially as described in Formulation Scheme A except that the formulation contained
22.96mg butylated hydroxyanisole (BHA), wherein Table 5 provides the amounts of cation, sterically
hindered primary amine, binder, linaclotide and beads, while Table 6 provides the conditions under

Amount of e D LA APt 11 Tt 20100 08 e Pl IRy G EmscRe0 G620y
0.2100g Gélfihere € 30% 381995 Db en6 ternarB e Rag dect Spraying-hem (Gaintat
2.0%, and the term “1%"” may be 1.0%.
In certain embodiments, the linaclotide composition is provided in a unit dosage form.
5  In some embodiments, the unit dosage form is a capsule, a tablet, a sachet, a pellet or a
powder. In one such embodiment, the unit dosage form is a capsule or tablet. Such unit
dosage forms may be contained in a container such as, without limitation, a paper or
cardboard box, a glass or plastic bottle or jar, a re-sealable bag (for example, to hold a "refill"
of tablets for placement into a different container), or a blister pack with individual doses for
10 pressing out of the pack according to a therapeutic schedule. It is feasible that more than one
container can be used together in a single package to provide a single dosage form. For
example, tablets or capsules may be contained in a bottle which is in turn contained within a
box. In some embodiments, the unit dosage forms are provided in a container further
comprising a desiccant. In a further embodiment, the unit dosage forms, e.g., a quantity of
13 tablets or capsules, are provided in a container, e.g., a bottle, jar or re-sealable bag, containing
a desiccant. In a further embodiment, the container containing the unit dosage forms is
packaged with administration or dosage instructions. In certain embodiments, the linaclotide
composition is provided in a kit. The linaclotide composition described herein and
combination therapy agents can be packaged as a kit that includes single or multiple doses of
20 two or more agents, each packaged or formulated individually, or single or multiple doses of
two or more agents packaged or formulated in combination. Thus, the linaclotide
composition can be present in first container, and the Kit can optionally include one or more
agents in a second container. The container or containers are placed within a package, and
the package can optionally include administration or dosage instructions.
25
EXAMPLES
The following examples are merely illustrative of the present invention and should not
be construed as limiting the scope of the invention in any way as many variations and
equivalents that are encompassed by the present invention will become apparent to those
36 skilled in the art upon reading the present disclosure.
Linaclotide or a pharmaceutically acceptable salt thereof may be produced and
purified using standard techniques known in the art, e.g., chemical synthesis or recombinant

expression foliowed by and purification using standard techniques.
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Temp (C) Spray rate (mL/min) Atomization Pressure (psig) Air Flow 17 33.5 - 34.8 47.7 - 48.6 0.56-
0.74 26 Low Example 18: Preparation of Capsules Containing Linaclotide Formulation The
linaclotide content on active beads may be measured as described in Example 21 10or by other
equivalent methods. To form capsules suitable for oral administration, an appropriate amount of
active bea]pls IS st,ed ?ﬁill"gglatin capsules (e.g., Size 2 gelatin capsules). An appropriate amount of
active bead)smrﬁ‘a(f/’é)gn effs pg to 2 mg linaclotide per capsule with a range of + 5%. In some
embodiments, tHzappropriafehar@ontiof dinsichotidpppoxaativeyiiagd somay beheimnrg, Wi Mg, 15100
mg, 133 pg,.150 mg, 200 .266. pg, 300 mg, 400 mg. 500 mg, 600 mg, 70 ,-800 mg, 900 mg, 1
mg, 2 mg,lrg ler%gg%ir h%%f} ?ﬁgfgaar fgu%%?rg?ﬁ 0 ?ﬁﬁiéir?, t ?e fp%ggo%erﬁg s !g]lm%ﬁfﬁ?é:lﬁnﬁ}&fofﬁfg’ ®n active
beads is 6715ahgs 2108:drig, N8y 50amyR00 1MgrR66: Mg, BOBerhgy ARG mgyH0adnye 600 11 g In a
more particyianerohadinent, tae-AnPIRRLIAG AMQUN gLlinaslotide ep.aglive heads s 67.5 mg, 133
mg, 150 Mg, 266 mg or 300 ¥an Ber capsule%ZOl_nCanother er_!r%%qairﬁgﬁtssgrﬁcggﬁ?gﬁ(}%?egamount of
active be @SN YAt sfrawhunisdedtydianpleigrsilasisnplizée trosidotaidesir©ne or more
pharmaceuically aeseRiatle TUarsarotha-nharnaseuticaly.ascentable, aditivas maydigadded, if

desired, to the container. In some embodiments, a filler or additive is talc, leucine, microcrystalline

cellulose BFHHRTHICh e REPR R SRR RdtRdr ihAsHeh s aRPfiBamplitienis teserdio 25fill
gelatin cagstigg il aprapdata ameealsal aetivedacads cantRinng ipacktideean, £9 Mg to 2 mg
linaclotide apsule with a range of + 5%). . In an alternative embodiment, an appropriate
amotint of’%gé@e %%%Bg’végrdgé;befbaﬂﬁeﬁe[%m? éﬁb@lﬂ%@%‘&%ﬁé%ﬁféf@%ﬁ?ﬁda@ﬁﬁ K@t ceptable
fillers or atiner phahleaceuticallyadeaptibtaiadeit wsoare ddded]ieidaesgriaiineapswasidxample 19:
Preparatign dof}Cgﬁurl% E&d‘%{ﬂ&?& %&narcLo%d%Forn}ulatiop i Preparation of the Coating Solution:
First, 41.98 ?Kpuri led water was mixed with ?1%9% 6 ﬁ%lr(})%?ﬂoric acid in order to create a solution

41
go
with a pH betwe B349dy: ot madeiumn: giyoid@6ditnfdiate and&:68:gibfiteucine were

added to the s0lutians wich A3 o0 MiKSsLIRE 39, minues eIl RIS AieaLRgltlon. The

pH was tested, and 101.70 g of hydrochloric acid was added to produce a's t?oﬁnﬁavmg apH

betweden Pu3diieliyidsdiandtertedariopsedmeniose (Frdrohg propyt nedetipiedllipged DoweChemical
Companysdvid|amd.spibyuasasisiashin thesaldien and tbe Mmbdure; wassiyradh i G minktes to

achieve a clear solution. Next, 4,39 g of a linaclotide was added to the solution and mixed for 90

minutes. THPHIIYFINB 8B Ih A WRLEIPS PIHETatrthachatimy sdilifbhersivre saiifen of the Active

Beads: 6Z4largoismigsad ystalibeadelilosebeadsitelphies o oR3Q3 1ishabdtasal Cripatation
(Tokyo; JaPQ%QV\évggg@dded to a Wurster Column of a Glatt GPCG-2 Fluid Bed. The microcrystalline
cellulose Beads were fluidized and heated for 30 minutes at a product temperature of 60C. Next, the
coatifig solution Rvegstayered to-the BeadiswFhé predirat Graperatynerovasaentidlgdhatween 45C and
49C by ag2Qinlet temparaiwe Af 890G, shiav: a8 ef.2:0-13,9/min. an.atamization, pressure of 2.0 bar,
and air volume of 40 to 50 m3h. After the engtllre coa?igr%g{'sé?l%iomr? {6\7323 Iea%/esrzérg ﬁ)u{ﬁez %Z%n s, the beads
were drieBerSFALN 9t AR OGN P AUD ABliRSORS S rAwes ot BN b @ BaTdseysrBikper §ibthis process
was rffe_rﬁg@etaﬁ@ eRtvasReRAinBereiSS BN 2SR d.ohrerRlge Rty i inasalide eriagied from a
oimulation

Polymers) or Opadry (e.g Opadry AMB dispersion, 20% w/w, Colorcon). Next, the coating

25 solution is layered to the beads. The spraying temperature is controlled between 24°C and
33°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

30 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 ini a quantity 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
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25prepared as described above demonstrated that the extracted linaclotide and a linaclotide reference
standard exhibited the same retention time and that there was no significant change in purity as a
result of the formulation process. To form capsules, 49.50 g of active beads were added to a clear
bag. Next, 0.25 g of leucine, screened through a 60 mesh screen, was added to the bag. The bag was
tied and %Omcié(}%g f%glgn%t Engo'gtorder to blgpd allﬁﬁz.th%tmat%rials. Next, 0.25 %of talc, screened
through a 6D Theeh St ElnD% S MRt TIRS A HIE BAY G AL RISGUSSd AR ST 25QMs to blend
all of the nigigriedss Onee alliof thmtmatetizls wigkel bibddédd tibabixidre wasuskitdadithSize-2 gelatin
capsules ghlagel SNt Al AAT RaGARSYIS WIDLA 13008, 01,526, Fxamels 70, Prsparalion of
Capsules Containing Linaclotide Formulation Active eaé)s were prepareg according to xample 16.
The activébeddssnerdessetieantbh fitraciotide zodtentBdsboeor thy assaydofthedotive beadg, an
apprapriale, AMAURLR; AP Ye D6ads (0mal A2 AT s B9 gz e Aslatin capsules using

an MG2 Futura encapsulation machine, to achieve a linaclotide’ concéntration of 300 pg. Active beads

were prepared Hétoriiseridoniasiple teatesakiientyasys Ribhstetad Henihadlofide deosiredt. Based

on the asgayaf braiastivadlerdadan BRR QRIS AMPHN & Retivabsadsidnans3ng were filled
into size 2 hard gelatin capsules using an MG2 10Futura encapsulation machine, to achieve a

linaclotid S XBRYERHETiEh 4 Bemyhisimpie b ofrdaSarsnssaty & PIRBStiRe EBaRdRVARRIP urity

Linaclotiderrenteshans 4drity). ashivall 8slineasysenemnof nddetideelatedizulsiances may be
dete{lr@ined by re rseEPg?F?ge gé?dientli%uid chr(%g}la ography using an 15Afgi|ent Series 1100 LC
v

System with-Chem&tdtion B3 doAm AR P EFRRMR T 2R M BT IS EEH MR (dimensions:
3.0 x 150pmuhyc8.5 sain{id2 Daking/ateish&enpn Miferd 2NA Taisaetivalentng wudedoand is maintained at

40C. Mobile ph PA) gangists of water with 0.1% trifl cetic acid while, mobile phase B
(MPB) consists 0 : é{%}% 0 O}&e ' 3 7% Wate: v[\élollﬁg r8ﬁ%a{ﬁ[ﬁu%%%§( ic %i&’."éﬁﬁ%‘%‘rﬁ%? linaclotide and its
related 20sliblssgritadsigracddatlich ¥l GgradiertafOhnt0REG4T0FMB B ¢d. 28minutes followed by
a ramp to 00 MEB.ID 4imipiesithra fuaintie. 0oL AL Q03 MRR 40, wiast) ther alumuy:

Re-equilibration of the column is perfoimed by returning to 0% MPB in 1 minute followed by a 10
mindte gt BOGOB PRI AblRicEs fo 816 PRtdmiRNaRIGHEE SHENY IREIEEMPBIYSAE by UV at 220

rim. 25Sampiesdebanakysisiare.pepaed by addilian sidhespatante eplinacendesansides to 0.1 N
HO to obtain a tar%et concentration of 20 mg linaclotide/mL. 100 uL of this solution is injected onto the

column. PreYHEBHGE SONERISt 16 HFE e FBH By e TRRTHG Y Rt B Brdsntraisadh the
prepared sadiiié aghinptaisimilaihepreparedexse dratlinaciotidastondard: 30AR exaraples of an
analysis ofJinaglotide by 1-1PLC is shown in Figure 1, wherein "Oxidation” refers to the linaclotide
oxidation égé)%%sc%'%g?r%%ﬁ(jggﬁéae Irnine" refers to the linaclotide formaldehyde imine product and
"Hy@a¥olysis" refers to the linaclotide hydrolysis product. Example 22: Linaclotide Formulation Stability

Testing  pxaani0e RMpraiionsieh GrRmBlesdad 7t gglatin capsules were filled with

approximately 225 mg of active beads. Five filled capsules were placed in plastic bottles. 5The bottles
contained 1 to 2bP6f dadridhiamyipsasinbBeapmisedrdd. ware potwssdrsrensieisasedesothzs o RH for

six monthg FormbiinRe etifensontantand taityiaswvealbasthamauet efdinacietidenelated substances
were measured essentjally as described in Example 21 or by an equivalent method. Results are

provided PRTABI&™ 1% PHBIE 7 "ESIgHS1 874 Seag siriF JeBle Ainst Aden b5 BypeiBpes under

25  which the beads were coated:

Table i
Example f;g::: t :n?:)l:; ¢ Binder Amount of Beads
[]* (1 Amount Linaclotide = Amount
CaCl,.2H,0O lL.eucine
i 0.6740g 0.2005¢ Hypl"%‘i’;“ose 0.1282¢ Celp};e;gp-sos
[60] [20] VI8 -8
CaCl;.2H,0 Leucine
5 0.6740g 0.3007¢ Hypromellose 0.1329 Ceiphe;e CP-305
: 0.3063¢g £ 33.87
[60] {30} ' 204
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Linaclotide (% of Initial) Oxidation Hydrolysis Formaldehyde !Imine 107.56 96.88 (99.13) 0.11 0.24
0.19 3 98.87 97.36 (99.42) 0.07 0.52 0.15 4 95.67 95.61 (97.83) 0.10 0.16 0.24 5 103.41 95.87 (98.68)

0.07 0.25 0.24 6 99.46 93.64 (95.51) 0.14

Cation

Amine

Example Amount Amount Binder Amount of“ Beads
P [ ]* (1 Amount Linaclotide Amount
CaCl.2H,0 Leucine Hypromellose Celphere CP-305
3 0.2247¢ 1.002¢g 0.1282¢g
0.0656g 33.86¢
[20] 100} '
CaCly 2H,0 Leucine Hypromeliose Celphere CP-305
4 1.123g 0.2005g 1960 0.1282g 32 36
(100} [20] 7078 708
CaCl..2H,0 Leucine |
5 0.4493g 0.4009g Hyp.romeilose 0.1282¢ Celphere CP-305
0.5425¢g 33.78¢
[40] {40} ' ’
MgCL.6H,0 | Leucine Hypromellose Celphere CP-305
6 0.2590g 0.3341g 0.2100g
. 0.6636¢ 33.83¢
(10} [20] '
ZnAC2HO - Leucine | g ose Celphere CP-305
7 0.2796¢ 0.3341 0.2100¢g
& 0.6636g 33.82¢
[10] [20] ' '
Leucine
_ Hypromellose Celphere CP-305
8 N/A 0.8944¢g 0.6636¢ 0.4387g 33.40g
[27]
CaCh.2H,0
Hypromellose " Celphere CP-303
9 0.?;’;}5g N/A 0.6636g 0.4227¢ 33 83g
Hypromellose - Celphere CP-305
10 N/A N/A 0.6811g 0.2114¢g 34.28¢
Hypromelilose Celphere CP-305
11 N/A N/A 0.6636¢ 0.4227¢ 34.13g
CU.-Cid.ZHgO :
p Hypromellose Celphere CP-305
12 0.4342¢g N/A 0.4227¢
(10] 0.6636g 33.79¢
ZnAc.2H,O
N Hypromellose Celphere CP-305
13 0.5590¢g N/A 0.4227¢
[10] 0.6636¢ 33.68¢
MgCly.6H,O _
Hypromellose Celphere CP-305
14 0.5178g N/A 0.4227¢g
110] 0.6636g 33.72¢g
Methionine
15 N/A 0.0380g Hyg’ggg;"” 0.4387¢g Cﬂplﬁzg'ms
(1} ' '

* “Cation” refers to the divalent cation contained in the salt used in the example, “Amine”

refers to the sterically hindered primary amine, [ ] refers to the molar ratio of the cation

and/or amine to linaclotide.

5 ** The Amount of linaclotide in this and ali following examples is determined based on

peptide content and chromatographic purity as listed on the Certificate of Analysis provided

for each manufactured lot of linaclotide Active Pharmaceutical Ingredient (API).
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0.70 0.55 98.64 93.44 (95.36) 0.45 1.45 0.63 92.81 88.20 (94.90) 0.37 1.85 0.49 93.53 93.81 (96.55)

0.20.411.06 77.12 84.85 (87.77) 0.37 0.29 4.45 85.73 89.09 (91.63) 1.18 0.49 1.38 33.60

Table 2
Example Product Inlet Spray rate | Atomization | Air
Spraying Temp {mL/min) Pressure Flow
Temp (°C) (°C) (psig)
i 340-370{557-57.7|033-040 20 Low
2 2743231 3701~ 0.40 22 Low
42,1

3 32.6-34.7 160.0-60.1 | 0.33 - (.40 20 Low

4 353-39.3 {58.9-592 0.40 18 Low

5 27.8-279 | 58.7-59.8 1 0.35-0.33 20 Low

6 32.1-383 {42.0-53410.39-0.75 22 Low

7 31.7-39.3 | 50.0 - 52.5 1 0.27 ~0.57 22 Low

8 333-413150.5-570{0.57-0.65 22 Low

9 332--40.0 149.5-58.7 | 0.82-1.00 20 Low

10 42.5 59.5 (.49 22 Low

11 9.7 52.0 0.66 22 Low

12 36.6-40.0 {47.2-54.8 | 0.65-~0.75 20-22 Low

13 324 57.4 0.65 22 Low

14 34.0 49.0 0.75 20 Low

15 24.1-399 1 48.5-559 1} 0.39-0.65 22-23 Low

Example 16;

Preparation of Linaclotide Formulation

The linaclotide formulation of Example 16 was produced essentially as described in

5  Formulation Scheme B wherein Table 3 provides the amounts of cation, sterically hindered
primary amine, binder, linaclotide and beads, while Table 4 provides the conditions under
which the beads were coated:

Table 3
Cation Amine Binder Ameount of Beads
Example Amount Amount . . _ .
[] (] Amount Linaclotide Amount
CaCL2H,0 | Leucine |y 0 ellose Celphere CP-305
16 385.1 ¢g 171.8 ¢ 175.0 o 735¢ 2419 k
[60] [30] Y8 “TITRE
10 Table 4
Product Inlet Spray | Atomization Pree.:ess Product
. Air .
Example Spraying Temp rate Pressure Volume Drying Temp
Temp (°C) °C) {g/min) {bar} (efm) (°Cy
16 64.9 - 65.1 80 150 2.0 515-564 549 -550

Example 17: Preparation of Linaclotide Formulation
The linaclotide formulation of Example 17 was produced essentiaily as described in

Formulation Scheme A except that the formulation contained 22.96mg butylated



41.98 (43.15) ND ND 87.69 91.91 (94.01) 1.98 0.74 0.86 86.94 90.59 (92.70) 0.25 0.54 1.23 87.71

87.54 (93.24) 0.24 0.66 1.67 98.94 93.65 (95.16) ND 0.32 0.73 For the formulation of Example

16, gelatin capsules were filled with approximately 113 mg of total beads. 35 filled capsules were

placed in plastic bottles. The bottles contained 2g of desiccant and were induction sealed. The bottles

were stored at 40C/75 % RH for,one month. 5Lina IOtiﬁg[e content and purity as well as the amount of
E dal oxyamisale (B wher HETJIO ab‘ie 55 T vage.s g ﬁﬁ;@aﬁg{a 9 CcraIB%ya, %eg)c(%!ﬁ B‘%f‘?ﬁ' by an

%
linaclotide-Yelated su%%t‘anceg’ may be measufed esse
equivalenpmnsthoohiResuttdear brsivbwiddnnbdideds, Waikel8ble 6 provides the conditions under

which the beads were coated.

Table 5
Cation Amine Binder Amount of Beads
Example Amount Amount acloti
[] (1 Amount Linacletide Amount
C?)C;Fiz?; ° Hypromellose Celphere
17 '[20] N/A 0.6636 0.2100g CP-3065
POI0E 33.99¢g
5
Table 6
Example Product Inlet Spray rate | Atomization | Air
Spraying Temp (mL/min) Pressure Flow
Temp (°C) (°Cy (psig)
17 335-348 147.7-486|0.56-0.74 26 Low

Example 18: Preparation of Capsules Containing Linaclotide Formulation

The linaclotide content on active beads may be measured as described in Example 21

10 or by other equivalent methods.

To form capsules suitable for oral administration, an appropriate amount of active
beads is used to fill gelatin capsules (e.g., Size 2 gelatin capsules). An appropriate amount of
active beads may contain 50 pg to 2 mg linaclotide per capsule with a range of + 5%. In some
embodiments, the appropriate amount of linaclotide on active beads may be 50 ug, 67.5 pg,

I5 100 pg, 133 ug, 150 pg, 200 ug, 266 pg, 300 pg, 400 pg, 500 pg, 600 pg, 700 pg, 800 pg,
900 pg, 1 mg, 2 mg, 4 mg or 6 mg. In a particular embodiment, the appropriate amount of
linaclotide on active beads is 67.5 ug, 100 pg, 133 pg, 150 pg, 200 pg, 266 pg, 300 pg, 400
ug, 500 pg, 600 pg. In a more particular embodiment, the appropriate amount of linaclotide
on active beads is 67.5 pg, 133 ug, 150 ug, 266 pg or 300 ug per capsule.

20 In another embodiment, an appropriate amount of active beads to fill a desired
number of gelatin capsules is placed in a container. One or more pharmaceutically
acceptable fillers or other pharmaceutically acceptable additives may be added, if desired, to
the container. In some embodiments, a filler or additive is talc, leucine, microcrystalline
cellulose or mannitol. The contents of the container are blended and the mixture is used to

25 fill gelatin capsules with an appropriate amount of active beads containing linaclotide (e.g.,

50 ug 1o 2 mg linaclotide per capsule with a range of + 5%).
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Example Assay [w/w] % of Initial  Area % Oxidation by HPLC Hydrolysis Formaldehyde Imine , .
LAnaclotide (% of Initial) 16 97.01 9712 (99.79) <0.1 <0.1 0.34 10 Example 23: Isolation and
Preparation of Linaclotide Hydrolysis Product The linaclotide hydrolysis product occurs as a
transformation of Asn in the 7 position to Asp (the numbering of linaclotide starts with 1 at the

N-terminal Cys)..lt ture | icted below: . . :
H-Cys.Cys Qi T R R IR Somroncicc ot 5 APYE D35S Flnaciotice
hydrolysigmmmm&pmnﬁmﬁmm&ewm@iﬁIﬁ‘nhhtﬁ)ur@ﬁhdentity using standard solid
phase pegli sYENEs eElpisHEs TG ATaIoHsi (Yol praducmay also be prepared by other

methods known in the an, e.g., by isolation Inaclotide”prepardtions using chromatographic
techniques or by recombinant expression of a nucleic acid encoding the linaclotide hydrolysis product

(Cys 20CYSSpIEWO TP by Sabish &f@&iaxﬁxﬂma%grﬁnmatfa@tk@mumtwed by oxidation of the

cysteine residues to form the disulfide linkages. Example 24: Isolation and Preparation of Linaclotide

Formaldehyde IRFRABHOG R HhE tarpaRmrer Fire'prdtieaf sesiiiedayatse Homssbrah imine to the
N-terminal 25@ys kG elnriria {eimalseiy decreadiaieAuiRachian. #pRrenesed stsusiurerf thgproduct is

depicted t}eri \g:of calcium chloride dihydrate and 6.68 g of leucine were added to the solution, which
was then mixed for 30 minutes in order to produce a clear solution. The pH was tested, and

10 1.70 g of hydrochioric acid was added to produce a solution having a pH between 1.5 and
2.0. Next, 13.27 g of hypromelose (hydroxypropyl methylceliulose; Dow Chemical
Company; Midland, MI} was added to the solution and the mixture was stirred for 60 minutes
to achieve a clear solution. Next, 4.39 g of a linaclotide was added to the solution and mixed
for 90 minutes. The pH of the solution was 1.73. This was the coating solution.

15 Preparation of the Active Beads: 674.5 g of microcrystalline cellulose beads
(Celphere CP-305; Ashai Kasei Corporation (Tokyo; Japan) were added to a Wurster Column
of a Glatt GPCG-2 Fluid Bed. The microcrystalline cellulose beads were fluidized and
heated for 30 minutes at a product temperature of 60°C. Next, the coating solution was
layered to the beads. The product temperature was controlled between 45°C and 49°C by an

20 inlet temperature of 80°C, spray rate of 5.0-11 g/min, an atomization pressure of 2.0 bar, and
air volume of 40 to 50 m*h. After the entire coating solution was layered to the beads, the
beads were dried for 10 minutes with a product temperature of 46.9°C 1o 50.9°C. The
product of this process was referred to as active beads.

Reverse phase liquid chromatography of linaclotide extracted from a formulation

25 prepared as described above demonstrated that the extracted linaciotide and a linaclotide
reference standard exhibited the same retention time and that there was no significant change
in purity as a result of the formulation process.

To form capsules, 49.50 g of active beads were added to a clear bag. Next, 0.25 g of
leucine, screened through a 60 mesh screen, was added to the bag. The bag was tied and

30 mixed for 125 turns in order to blend all of the materials. Next, 0.25 g of talc, screened
through a 60 mesh screen, was added to the bag. The bag was tied and mixed for 125 turns to
blend all of the materials. Once all of the materials were blended, the mixture was used to fill

Size 2 gelatin capsules at target weight of 227 mg/capsule with a range of + 5%.
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Cys-Cys-Glu-Tyr-Cys-Cys-Asn-Pro-Ata-Cys-Thr-Gly-Cys-Tyr-OH S S The linaclotide
formaldehyde imine product has been independently synthesized for confirmation of identity by
reacting linaclotide with formaldehyde (1:5 molar ratio) in absolute ethanol at room temperature for 4
days. The formaldehyde imine product may also 5be prepared by other methods known in the art, e.g.,
by isolation from linaclotide preparations using chromatographic techniques or by chemical peptide
synthesis or recombinant expression of a nucleic acid encoding linaclotide followed by forrnylation as
describediremepio2byrttpmatethod Capovlesif théairin g blinadiy de Beyashiytioxidation of the cysteine
residues to form isulfide li - . Isalati d Preparation of Linaclotide
Oxidation Produé:;‘tlag‘g %#égg&@a%g# e§r ﬁé%gﬁﬁgégfgé{tiﬁl fe apﬁc?@gu gé%aé%%ﬁzs&?gﬁsgg The
oxidation proteastereschreytiGemias the adaitioniss erdindleadxygerpatop e onerofithé six cysteinyl

sulfurs in aclofide. @6 PoterYALAULENIRAT IS MO JERCteg helov alingugt one 150f skil i

the art will recognize that the oxygen atom may be attached to any of the otherfive sulfurs:
H-Cys-CySUid-SRAapsPaesys e AR orahicy s arhipagRlids somsenmption & 808 s S 0 To support

this identifications ¢heclinaaioide: prigatinprodiics ks begnorodyged hn Larstiog inacigtige with
hydrogenfper_oxide ,(%% agueous) at room temperature or 40C for 20up to 24 hours. The resulting
1

product is ¥R 6B 5B AN BROBGEIRY PIHeACTNE MifdeI SHRP RS BRLEL may also be
prepared bytioteadeetisads-k6mmwy) inciaditied g sby Bhivdepiiiandnacioidnpmpaaions using
chropatographic technigues or 1k%/ chemi al\peﬂide‘g{}/n hesis or recom?inant expression of a nucleic
acid encoding hnactoude foldwed by 8xidation of th é{fé’t@ﬁ{g%@f’éﬁ&o o forHethe disulfide linkages

followed by reacting 25linaclotide with hydrogen peroxide or similar oxidizing reagent to form the

linaclotid [dafiomn p 26; Linaclqgtide Tablet Eormation Fluid Bed Granulation
Linacloti<3Ie§eé,?‘)él:l%'i§:Itg,illléngsé_igriyéQI é‘,ﬁ% %(Eﬁ&%?%%%é?%ﬁ C(?h“é‘ qﬁ?%&%%@re dissolved in 0.0001N HCI to
form the coatinglSpgifsii¢ seatmitsedPuisymavathes cheageementnef bowd ofidnediaieibed. With fluidizing

the isomall,pQUYEy e Kl e SONIONLY 2SR LAY GrhatefiS @M&aﬁpﬁgﬁhﬁwmiﬂ&%ct

temperature of -40C to coat the powdér with the coating 5solution. Upon fifishing spraying, the

linadidtide G4 RGPl i Fo3tem MLt msatipe RrsdubP WA sHizerayesuTaliatd AExample
Cation Amouatiwithe RraskmiRinaendsBruaiool Ftehm, 3.5 um, 120 A; Waters Corp., Milford,

MA) or equivalent is used and is maintained at 40°C. Mobile phase A (MPA) consists of
water with 0.1% trifluoroacetic acid while mobile phase B (MPB) consists of 95%
acetonitrile:5% water with 0.1% trifluoroacetic acid. Elution of linaclotide and its related

20 substances 1s accomplished with a gradient from 0% to 47% MPB in 28 minutes followed by
a ramp to 100% MPB in 4 minutes with a 5 minute hold at 100% MPB to wash the column.
Re-equilibration of the column is performed by returning to 0% MPB in 1 minute followed
by a 10 minute hold at 100% MPA. The flow rate is 0.6 mL/min and detection is
accomplished by UV at 220 nm.

25 Samples for analysis are prepared by addition of the contents of linaclotide capsules
to 0.1 N HCI to obtain a target concentration of 20 pg linaclotide/mL. 100 pl. of this solution
1s injected onto the column.

Linaclotide content is measured by determining the linaclotide concentration in the
prepared sample against a similarly prepared external linaclotide standard.

30 An example of an analysis of linaclotide by HPLC is shown in Figure 1, wherein
“Oxidation” refers to the linaclotide oxidation product, “Formaldehyde Imine™ refers to the
linaclotide formaldehyde imine product and “Hydrolysis” refers to the linaclotide hydrolysis

product.
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[ [ Amount Linaclotide Amount CaC12.2H20 Leucine 26A 15.4 g 6.9 g PVP K30 3.08 g Isomalt [60)
[30] 40 g 935¢g Dicalcium phosphate or Avicel were also used as filler for fluid bed
granulation. 10Wet Granulation Linaclotide was weighed and dissolved under agitation in 250 g of
0.1 N HCI (pH 1.7) to form Solution 1 (see Table 10). CaCl2 and leucine were weighed and dissolved
under agitation in 100 g 0.1 N HO to form Solution 2. Solution | and Solution 2 were mixed together
under agitation to form the coating solution. Avicel was added to the bowl of a high 15shear granulator.
With mixidéxampb02dni itrelotiddEpswiutidivndtabilite Tistinthe Avicel. Upon finishing adding the

solution, the graﬁg}qﬁewgﬁ%mgggﬁi%g%%}%g@q foy ,angwil:}ut%z%ﬁléﬁ:gvgt igganéjrlgal?eb %mgd were charged

into the bowl of a fluid bed, and minute and thén inaciotide granules were discharged.

Table 10 *ExarprRicbatibhiantoaati [ rarne Arsdiimd capBifederere placed in plastic bottles.

5  The bottles contained 1 to 2g of desiccant and were induction sealed. The bottles were stored
at 40°C/75 % RH for six months.
Linaclotide content and purity as well as the amount of linaclotide-related substances
were measured essentially as described in Example 21 or by an equivalent method. Results

are provided in Table 7.

10 Table7
Area % by HPL.C
Example i;:s:fy lE::tfi:[] (E;j‘:}?cliz::?:;) Oxidation | Hydrolysis Foru;;ig;hy de
1 107.56 (gg:?; 011 0.24 0.19
3 98.87 (g;f;g) 0.07 0.52 0.15
4 95.67 é?jﬁi) 0.10 0.16 0.24
5 103 .41 (gg:g;) 0.07 0.25 0.24
6 99.46 é??}‘) 0.14 0.70 0.55
7 9Bt | orie 045 | 145 0.63
8 92.81 (gi:égj 037 | 185 0.49
9 93.53 ééj?é) 0.2 0.41 1.06
10 7712 (gjg% 0.37 0.29 4.45
3 85.73 (3?1{3) 1.18 0.49 138
12 13.60 (g:?g) ND ND ND
13 87.69 (gizgi) .98 0.74 0.86
14 86.94 (gg:_sjg) 0.25 0.54 1.23
s 8771 (g;’:gj) 0.24 0.66 167
17 98.94 (ggfg) ND 032 | o7
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Amount Amount of Linaclotide Filler Amount 26B CaCl2.2H20 7.68 g [60] Leucine 3.42 g [30] N/A
1.54g 488 g !somalt 20 In the wet granulation formula, the molar ratio of CaC12 and leucine to
linaclotide was adjusted in the range of 60 to 100 and 30 to 50, respectively. Also, sucrose was added
in one example. See Table 11. Table 11 Example IStrengthl FillerCaCl2:Leu:Linaclotide Sucrose |
i ' ' [ :30: 1IN 26D ug/225 mg Avicel
HCl 32 - (Linacipide/Filer), 26,00 481270 ma Avicel 60:30:1. NGO I 26D 600 1ey225 mg
113 mg of total beads. 35 filled capsules were placed in plastic bottles. The bottles
contained 2g of desiccant and were induction sealed. The bottles were stored at 40°C/75 %
RH for one month.
5 Linaclotide content and purity as well as the amount of linaclotide-related substances
may be measured essentially as described in Example 2] or by an equivalent method. Results

are shown 1 Table 8.

Table 8
Area % by HPLC
Assay (w/w} ; ;
Example ‘o Linaclotide N . | Formaldehyde
% of Initial (% of Initial) Oxidation | Hydrolysis Imine
97.12
16 97.01 (99.79) <0.1 <0.1 034

10 Example 23: Isolation and Preparation of Linaclotide Hydrolysis Product
The linaclotide hydrolysis product occurs as a transformation of Asn in the 7 position
to Asp (the numbering of linaclotide starts with 1 at the N-terminal Cys). Its structure is

depicted below:

H-Cys-Cys-Glu-Tyr-Cys-Cys-Asp-Pro-Ala-Cys-Thr-Gly-Cys-Tyr-OH

I ‘ - §—8 e
s-8 I
5-8
15 The Imaclotide hydrolysis product has been independently synthesized for

confirmation of identity using standard solid phase peptide synthesis techniques. The
Imaclotide hydrolysis product may also be prepared by other methods known in the art, e.g.,
by isolation from linaclotide preparations using chromatographic techniques or by
recombinant expression of a nucleic acid encoding the linaclotide hydrolysis product (Cys

20 Cys Glu Tyr Cys Cys Asp Pro Ala Cys Thr Gly Cys Tyr), optionally followed by oxidation of

the cysteine residues to form the disulfide linkages.

Example 24: Isolation and Preparation of Linaclotide Formaldehyde Imine Product
The formaldehyde imine product occurs as the addition of an imine to the N-terminal
25  Cys(Cysl) via a formaldehyde-mediated reaction. A proposed structure of the product is

depicted below:
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No 0.IN 26E 600 ug/225 mg Av cel 100:50:1 No 0 IN 26F 600 ug/225 mg Avicel 60:30:1 5% 0 IN
Tablet Formulation The linaclotide granules were blended with the following excipients (see Table
12) and compressed into tablets with a hardness of -4kp. 5Table 12 Ingredient Function Weight in
200 mg tablet with 150 lig Linaclotide Weight in 400 mg tablet with 300 pg Linaclotide Weight in 800

mg tablet with 60Q lig Linaclotide Weight in 1600 mg tablet with 1200 pg Linaclotide Linaclotide
granules API 53_§3¢f“-1 sgq.}yg—G%u- yr«Cys~Csl/s~;ksrst’fPro~AEa—Cys-Thr»- ty-Cys-Tyr-OH
L g ;

S-§

5-8

The linaclotide formaidehyde imine product has been independently synthesized for
confirmation of identity by reacting linaclotide with formaldehyde (1:5 molar ratio) in
absolute ethanol at room temperature for 4 days. The formaldehyde imine product may also

5  be prepared by other methods known in the art, e.g., by isolation from linaclotide
preparations using chromatographic techniques or by chemical peptide synthesis or
recombinant expression of a nucleic acid encoding linaclotide followed by formylation as
described herein or by other methods known in the art, optionally followed by oxidation of
the cysteine residues to form the disuifide linkages.

10
Example 25: Isolation and Preparation of Linaclotide Oxidation Product

The linaclotide oxidation product has a molecular weight of 1542.8. The oxidation
product most likely forms as the addition of a single oxygen atom to one of the six cysteinyl
sulfurs in linaclotide. One potential structure of the product is depicted below, aithough one

15 of skill in the art will recognize that the oxygen atom may be attached to any of the other five

sulfurs:

H-Cys-Cys-Glu-Tyr-Cys-Cys-Asn-Pro-Ala-Cys-Thr-Gly-Cys-Tyr-OH
E—— P58 i
/y S-5
O

To support this identification, the linaclotide oxidation product has been produced by
reacting linaclotide with hydrogen peroxide (3% aqueous) at room temperature or 40°C for
20 upto 24 hours. The resulting product is enriched in the oxidation product by 1-10%. The
linaclotide oxidation product may alse be prepared by other methods known in the art, e.g.,
by isolation from linaclotide preparations using chromatographic techniques or by chemical
peptide synthesis or recombinant expression of a nucleic acid encoding linacliotide followed
by oxidation of the cysteine residues to form the disulfide linkages followed by reacting
25 linaclotide with hydrogen peroxide or similar oxidizing reagent to form the linaclotide

oxidation product.

Exampie 26: Linaciotide Tabiet Formation
Fluid Bed Granulation
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213.6 mg 427.2 mg Isomalt Tablet filler 134.1 rug 268.2 mg 536.4 mg 1072.8 mg Crospovidone Dis
integrant 10 mg 20 rug 40 mg 80 mg Magnesium stearate Lubricant 1.5 mg 3 mg 6 mg 12 mg Talc
Glidant 1 mg 2 mg 4 mg 8 mg Total of dry material 200 mg 400 mg 800 mg 1600 mg Isomalt,
starch 1500 or dicalcium phosphate were also used as the tablet filler based on the above formula
(see Table 13). bIe 13 38 anulation F IIer

mac oude C ucme an polyvmy] pyrrolidone (PVP) K30 were dissolved in
0.0001N HCI to form the coating solution (see Table 9). Isomalt was charged to the bowl! of
the fluid bed. With fluidizing the isomalt powder, the drug solution was top-sprayed at a
speed of ~10g/min, with product temperature of ~40°C to coat the powder with the coating

5  soluton. Upon finishing spraying, the linaclotide granules were dried for 30 minutes and the

product was discharged.

Table 9
Cation Amine Binder | Amount of Filler
Example Amount Amount A . .
(] [ mount Linaclotide Amount
CaCl,.2H-0 Leucine _
26A 154 ¢ 69 ¢ Pvfomg 3.08 g frompal
[60] [30] & g

Dicalctum phosphate or Avicel were also used as filler for fluid bed granulation.

10 Wet Granulation

Linaclotide was weighed and dissolved under agitation in 250 g of 0.1 N HCI (pH

1.7) to form Solution 1 (see Table 10). CaCl; and leucine were weighed and dissolved under -

agitation in 100 g 0.1 N HCI 1o form Solution 2. Solution 1 and Solution 2 were mixed

together under agitation to form the coating solution. Avicel was added to the bowl of a high

15  shear granulator. With mixing at 500 rpm, the coating solution was added into the Avicel.

Upon finishing adding the solution, the granules were mixed and chopped for | minute. The

wet granules obtained were charged into the bow! of a fluid bed, and dried for 15 minute and

then the linaclotide granules were discharged.

Table 10
Cation Amine Binder Amount of Filler
Example Amount Amount . .
[ (] Amount Linaclotide Amount
CalCl,.2H.0 Leucine lsomalt
26B 768 g 342¢ N/A 1.54¢g 488
[60] [30] &

20

In the wet granulation formula, the molar ratio of CaCl; and leucine to linaclotide was
adjusted in the range of 60 to 100 and 30 to 30, respectively. Also, sucrose was added in one
exampie. See Table 11.

Table 11

| Example | Strength | _Filler | CaCl,:Leu:Linaclotide | Sucrose | HC! |
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CaChtleucine:Linaclotide Tablet Filler Fluid bed isomalt 60:30:1 isomalt

starch 1500 dicalcium

phosphate Fluid bed Avicel 60:30:1 starch 1500 Wet granulation Avicel 100:50:1 starch 1500 Wet

granulation Avicel 60:30:15% sucrose starch 1500

After two weeks storage at 40C and 75%

relative humidity, all ablets described in Table 13 exhibited assay values of linaclotide is greater than

90%. 15Examples2/-53: Dmpf ratiop-ef-Linaclotide-Fermulations The-linaclotide formulations of
Examplb 27 E2\ b%mag&\@ﬁ mgb\f Aallhvz.ac daockribad in Earmuidation. S '\nme_A_a_ld_E_X_amples
o1 6’ vv 1 1 COIJCTTCAT y AT CORTTOUCOUTIT 6 4 T l.l.IIMLIUII L~ Av]

1-15. TheinAlotide cog}:’n‘}g/j 285h-con u fu 0 4%-binder{Whn-and-the goatiig Qnt,m@d’i&as
Sprayed NN ZQ han f@oﬁg’.‘ gmg ac rTa) EVQI’Y‘\Y\S .éﬁ E_Tahlao 1/1 MR\III‘I QQI’\IﬂN"\II')e Of

VAl T A J ~J \W D% Iy & T \./I\.'uvllu T I_I\MTII'\II A :I.\J- T AN TO
cation, akin Ej 0018 G WIS T’m r-molart g,i(}ré!ative tolinadlBtide. 45 Wellas the
type of b MWT: & 1"’Egﬂrov':dé‘b ViR conditions- S0 which the-be d: Table

12" Examplg Ca

on Amlne Molar Ratio Binder
rmulation

The linaciotide granules were blended with the following excipients {(see Table 12)

and compressed into tablets with a hardness of ~4kp.

5 Table 12
. Weight in 200 mg Weight in 490 Weight in 899 Weight in 1(?0‘9
Ingredient . mg tablet with | mg tablet with mg tablet with
. tablet with 150
Function ug Linaclotide 300 g 600 ug 1200 ug
Linaclotide Linaclotide Linacletide
Linaclotide
granules 53.4 mg 106.8 mg 213.6 mg 427.2 mg
API
Isomals "
Tablet filler 1341 mg 268.2 mg 536.4 mg 1072.8 mg
Crospovidone
Disintegrant 10 mg 20 mg 40 mg 80 mg
Magnesium
stearate 1.5 mg Img 6 mg 12 mg
Lubricant
Talc
Glidant I mg 2 mg 4 mg 8 mg
Total of dry
material 200 mg 400 mg 800 mg 1600 mg
Isomalt, starch 1500 or dicalcium phosphate were also used as the tablet filler based
on the above formula (see Table 13).
10 Table 13
Granulation Filler CaCl;:leucine:Linaclotide Tablet Filler
Fluid bed 1somalt
isomalt 60:30:1 starch 1500
dicalcium phosphate
Fluid bed Avicel 60:30:1 starch 1500
Wet granulation Avicel 100:50:1 starch 1500
Wet granulation Avicel 60:30:1 + 5% sucrose starch 1500
After two weeks storage at 40°C and 75% relative humidity, all tablets described in
Table 13 exhibited assay values of linaclotide is greater than 90%.
15
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Additive 27 CaCl22H20 20:0:1 - - Hypromellose 28 MnC124F120 20:0:1 HYPromellse 29 KCI
20:0:1 Hypromellose 30 AICI 6H20 20:0:1 Hypromellose 31 CaC122H20 Leucine 60:30:1
Hypromellose 32 Ca Alginate Leucine 60:30:1 Hypromellose

Examples 27-53: Preparation of Linaclotide Formulations

The linaclotide formulations of Examples 27-53 were produced essentially as

described in Formulation Scheme A and Examples 1-15. The linaclotide coating solution

contained (.7% binder (w/v) and the coating solution was sprayed on Celphere CP-305 beads

5  as described in Examples 1-15. Table 14 provides the type of cation, amine and/or other

excipient along with their molar ratios relative to linaclotide, as weli as the type of binder

used, while Table 15 provides the conditions under which the beads were coated:

Table 14
Example Cation Amine Molar Ratio Binder Additive
27 CaCly*2H,0 _ 20:0:1 Hypromellose -
28 MnCl*4H,0 X 20:0:1 Hypromellose -
29 KCl n 20:0:1 Hypromeilose -
30 AlCL*6H,0 - 2{):0: 1 Hypromeilose -~
31 CaCly*2H,0 Leucine 6(:30:1 Hypromellose -
32 Ca Alginate Leucine 60:30:1 Hypromellose --
33 CaHF‘;O,; Leucine 60:30:1 Hypromellose .
34 Ca Stearate Leucine 60:30:1 Hypromellose -
35 CaS04#2H,0 I encine 60:30:1 Hypromellose -
16 Zn{OAC); Leucine 60:30:1 Hypromeliose -
37 CaCly;*2H,0 Isoleucine 60:30:1 Hypromellose -
38 CaCl,*2H,0 Valine 60:30:1 Hypromellose -
39 CaCly*2H,0 Methionine 60:30:1 Hypromellose -
40 CaCl;*2H,0 Phenylalanine 60:30:1 Hypromellose --
41 n Histidine 0:20:1 Hypromellose e
42 . Tryptophan 0:20:1 Hypromellose -
43 | CaCly2H,0 - 0(:%?;1 ;0 Hypromellose | Vitamin B
44 - I-aminocyclohexane 0:20:1 Hypromellose --
carboxyiic acid
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33 Cal-11)04 Leucine 60:30:1 Hypromellose 34 Ca Stearate Leucme 60:30:1 Hypromellose 35
CaS042H20 Leucine 60:30:1 Hypromellose 36 Zn(0Ac), Leucine 60:30:1 Hypromellose 37
CaCl2.2H20 Isoleucine 60:30:1 Hypromellose 38 CaC122H20 Valine 60:30:1 Hypromellose

Example Catien Amine Molar Ratio Binder Additive
45 B cyclohexylamine 0:20:1 Hypromellose --
46 - 2-methylbutylamine 0:20:1 Hypromellose )
47 _ chitosan 0:20:1 Hypromellose -
48 CaCly*2H,O Leucine 60:30:1 Polyvinyl -

pyrrolidone
49 CaCl,*2H;0 Leucine 60:30:1 Methyl cellulose -
{Methocel A15)
50 CaCl;*2H,0 Leucine 60:30:1 Hydroxypropyl -
celiulose
51 NaC 20:0:1 Hypromellose -
52 CaCl,*2H,0 Leucine 60:30:1 Gelatin --
53 CaCl,*2H,0 Glycine 60:30:1 Hypromellose -

* “Cation” refers to the cation contained in the salt used in the example, “Amine” refers to

the sterically hindered primary amine, “Molar Ratio” refers to the molar ratio of the

cation:amine:linaclotide: Additive (if applicable).

5 Tablel5
Example Product Inlet Spray rate | Atomization | Air
Spraying Temp (g/min) Pressure Flow
Temp (°C) (¢C) (psig)

27 25.1-35.1 | 37.0-50.1 | 044-062 20 Low
28 | 24.1-35.8 | 37.3-50.9 | 0.30-0.61 18-20 Low
29 | 28.1-347 | 37.6-47.8 | 0.50-0.63 18 Low
30 20.8-350 | 33.9-50.2 | 032-047 20 Low
31 255-35.1 | 34.6-504 | 0.40-06!} 20 Low
33 304-352 | 38.7-51.0 | 0.48-0.52 20 Low
35 29.9-349 | 37.8-504 | 0.37-0.76 20 Low
36 25.9-354 | 380-50.1 | 0.38-0.50 21 Low
37 27.3-349 | 36.2-50.1 | 0.45-0.54 20 Low
38 276-362 | 369473 | 0.43-0.66 20 Low
39 30.1-35.8 | 40.6-47.1 | 0.30-0.48 20 Low
40 31.7-37.5 | 41.3-51.0 | 040-0.67 18 Low
41 294-36.2 | 41.7-49.5 | 0.48-0.53 20 Low
42 31.0-38.6 | 42.4-51.2 | 0.52-0.64 20 Low
44 31.0-37.6 | 39.5-48.8 | 0.40-046 18 Low
45 28.7-36.5 | 37.1-49.2 | 0.49-0.61 18 Low
46 28.6-35.2 | 37.1-47.2 | 0.39-0.53 18 Low
47 33.4-38.7 | 40.6-48.5 | 048-047 18-26 Low
48 31.6-36.1 | 41.6-46.7 | 0.36-0.72 18 Low
49 28.5-36.5 | 36.8-48.1 | 045-0.5] 18 Low
50 27.9-364 37.1-48.6 0.35-0.60 18 Low




39 CaC122H20 Methion ne 60:30:1 Hypromellose 40 CaC122H20 Phenylalanine 60:30:1
Hypromellose 41 Histidine 0:20:1 Hypromellose 42 Tryptophan 0:20:1 Hypromellose 43
CaC122H20 0:20:1:20 (Vit. E) Hypromellose Vitamin E 44 -aminocyclohexane carboxylic acid 0:20:1
Hypromellose

Exampie Product Iniet Spray rate | Atomization | Air
Spraying Temp {g/min) Pressure Flow
Temp (°C) | (°C) (psig).
51 29.3-379 | 36.7-49.2 | 042-0.55 18 Low
52 29.8-36.3 | 36.1-49.1 | 0.44-0.54 18 Low
53 28.9-358 | 36.5-47.7 | 045-0.52 18 Low

Processing issues were experienced during spraying on the beads for examples 32
(Calcium Alginate), 34 (Calcium Stearate) and 43 (CaCly:Vitamin E). Thus, the coating

solution was mixed with the Celphere beads and the beads were dried on a tray.

Example 54: Linaclotide Formulation Stability Testing
For the formulations of Examples 27-53, gelatin capsules were filled with
approximately 225 mg of active beads (600 pg linaclotide/capsule). Five filled capsules were
placed in plastic bottles. The bottles contained 1g of desiccant and were induction sealed.
10 The bottles were stored at 40°C/75 % RH for three months or six months.
Linaclotide content (1g/mg) and percent chromatographic purity (%CP) were
measured essentially as described in Example 21 or by an equivalent method. Results are

provided in Table 16A (three months stability) or Table 16B (six month stability).

Table 16A
Assay [w/w] % CP
L e % CP [% of Initial]

77 %30 | 9398% 98.07
78 %682 | 9350% 96.07
25 101.56 5371 % 95.40
30 105,06 93.07 % 9576
31 10359 9598 % 99.12
32 66.53 82.66 % 8527
33 96 81 01,949 53.55
34 30.75 55.47 % 56,88
35 101.37 53.07 % 550
36 105.27 51.49 % 93 45
37 109,33 95.73 % 97.99
38 99,24 95.79 % 97.59
39 9522 95.76 % 97.82
40 102.08 95.68 % 97,60
a1 110.02 04.03 % 96 30
ry) 120,05 88.57 % 91,65
3 53.51 70.99 % 74,06
i 08.83 93.84 % 96.88
45 9172 90.07 % 93.71
6 50.17 8945 % 91.67
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Exarn le Cation Amine Molar Ratio Binder Additive 45 cyclohexylamine 0:20:1 Hypromellose -- 46
2-methylbutylae 0:20:1 0:20:1 Hypromellose chitosan Hypromellose 48 CaC122H20 Leucine
60:30:1 Polyvinyl olidone 49 CaCl22H20 Leucine 60:30:1 Methyl cellulose (Methocel A15)

Assay [wiw] % CP
Example | ./ of};nitia! i % CP [% of Initial]

47 105.70 88.59 % 9131
48 106.92 9511 % 97.62
49 96.48 94.62 % 96.60
30 11230 95.86 % 98 98
51 102.92 91.80 % 99,79
52 108.12 83.10 % 86.80
53 104.22 95.25 % | 97.95

* Variability in the values for Assay [w/w % of Initial] reflects the imperfect control over
content uniformity for these capsule lots, which manufactured at small scale.
It 1s believed that the difficulties encountered during processing and the resulting
5 modified processing procedure for Examples 32, 34 and 43 (see above) could explain the

lower stability observed in these samples.

Table 16B
Example Assay [w/w] Linaclotide Areatp by LS Formaidehyde
% of Initial (% of Initial) Ozxidation | Hydrolysis Imine

27 91.58 (ggi‘;‘g) 0.09 0.60 1.59
28 93.36 (S(S}i;g} 0.24 0.41 1.55
29 9373 | (gg:;i) 08 0.53 1.82
30 108.63 (gg:gg) 0.39 111 0.44
31 94.53 soen |- 0.41 0.98
32 6928 (Z?ig) 0.97 1.93 1.69
33 88.91 (ggﬁg) 0.97 3.86 0.17
34 77.37 (;g:ﬁ) 0.67 0.99 1.78
35 95.34 (ggzgi 0.39 1.80 0.33
36 102.83 (Sgﬂ) 331 1.86 0.21
37 9933 (gg:gg)_ . 0.59 0.25
38| 9397 (ggzg) L 042 | 045
9 | 8778 (g?;gfj’,\ - 0.40 0.31
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50 CaC122H20 Leucine 60:30:1 Hydroxypropy! cellulose 51 NaC1 -- 20:0:1 Hypromel ose
52CaC122H20 flICaC122H20 Leucine 60:30:1 Glycine 60:30:1 Hypromellose * -Cation" refers to the
cation contained in the salt used in the example, "Amine" refers to the sterically hindered primary
amine, "Molar Ratio" refers to the molar ratlo of the catlon amlnellnaclotlde Addltlve (|f appllcable)

xample % of Initial Lmac!oFlfie Oxidation | Hydrolysis Formalfi ehyde
{% of Initial) Imine
40 94.36 {ggﬁéi : 0.46 0.41
41 104.28 (gg:g; 0.33 1.61 0.52
42 117.92 (;g:g} 0.14 121 0.10
e 54.21 (ggf‘;) 5.92 444 1.83
44 92.56 (ggzﬁ) 0.16 1.47 0.54
45 76.23 (ggﬁ;) 0.17 0.87 1.22
46 73.07 éé:zg) 0.51 0.66 0.65
47 97.65 (3?% 0.92 0.60 268
48 93.94 {gg:i;} 0.05 0.69 0.20
49 51.65 (gi:i}g) 0.96 0.58 224
50 104.75 (ggg) ) 0.38 0.48
51 94.15 (ggié?) i 0.58 1.35
52 100.06 (%2;) 0.06 0.49 0.41
53 95.74 {gzzgg’) 0.06 0.36 1.40

10

Chromatographic purity values for Examples 27-53 at the six-month time point

appear atypically low, particularly with respect to the three-month time points for these

samples. Relative trends for siabilizing or destabilizing effects can be established by

comparison with Example 27 and Example 31 as interal reference experiments, for which

the chromatographic purity values are approximately 6-8% lower than consistently observed

in other studies that have been conducted (see, e.g., Examples 2 and 9). The three month data

provided in Table 16A for the same formulations shows more typical chromatographic purity

values. Thus, the low chromatographic purity values at six months are likely due 1o an

insufficient desiccant capacity at six months for these particular storage conditions. This

hypothesis is supported by the impurity peaks that are observed and that are indicative of

€Xposure 1o moisture,

38
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(psig) Air Flow 27 25.1-35.1 37.0-50.1 0.44-0.62 20 Low 28 24.1-35.8 37.3-50.9 0.30-0.61 18-20 Low
29 28.1-34.7 37.6-47.8 0.50-0.63 18 Low 30 29.8-35.0 33.9-50.2 0.32-0.47 20 Low 31 25.5-35.1
34.6-50.4 0.40-0.61 20 Low 33 30.4-35.2 38.7-51.0 0.48-0.52 20 Low

Example 55: Linaclotide Formulation Stability Testing at 25°C/60 % RH for 24 months
For the formulations of Examples 8-15 and 17, gelatin capsules were filled with
approximately 225 mg of active beads. Five filled capsules were placed in plastic botiles.
5  The bottles contained 1 g of desiccant and were induction sealed. The bottles were stored at
25°C/60 % RH for 24 months.
Linaclotide content and purity as well as the amount of linaclotide-related substances
were measured essentially as described in Example 21 or by an equivalent method. Results

are provided in Table 17,

10 Table 17
Example i;,:sjg Ii‘;t/i‘:l} Linaclotide Oxi;rt:n% h;j::i; is Formaldehyde

{ % of Initial) Imine

8 94.36 (?gf_% 0.21 1.26 0.53

9 94.08 (3"?:32) 0.14 0.36 0.93

10 80.80 (Sg:gi) 0.38 0.26 3.77
102" 89.29 (992255 0.50 0.39 1.60
10b 2 88.41 (g;:ég) 0.44 0.34 161
10¢ ¥ 72.35 (;?gg) 030 | 026 19.13
3 87.50 (gg:g) 1.03 0.42 1.94

12 62.82 (2212; 2.20 1.24 2.11

13 90.59 £§ZZ§> 1.21 0.65 0.77

14 91.41 (gf}:gg) 0.18 0.47 0.65

15 90.91 (gg:g) 0.17 0.56 1.64

17 91.45 (gé:gi 0.71 0.56 0.73

" As for Example 10 with additional protective coating of Aquacoat (Aquacoat
Ethylceltulose Aquaeous Dispersion, 15% w/w, FMC Biopolymer, ECD-30)
 As for Example 10 with additional protective coating of Opadry (Opadry AMB dispersion,

20% wiw, Colorcon).
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35 29.9-34.9 37.8-50.4 0.37-0.76 20 Low 36 29.9-35.4 38.0-50.1 0.38-0.50 21 Low 37 27.3-34.9
36.2-50.1 0.45-0.54 20 Low 38 27.6-36.2 36.9-47.3 0.43-0.66 20 Low 39 30.1-35.8 40.6-47.1
0.30-0.48 20 Low 40 31.7-37.5 41.3-51.0 0.40-0.67 18 Low 41 29.4-36.2 41.7-49.5

? As for Example 10 with additional protective coating of Eudragit (Eudragit E PO,
Degussa, Roehm Pharma Polymers; SLS, Stearic Acid)

Example 56: Linaclotide Tablet Formulation and Stability Testing
5 Acuve lmaclotide granules were made by fluid bed granulation essentially as

described in Example 26 using the reagents described in Table 18. The linaclotide granules
were blended with the excipients described in Table 19 and compressed into tablets with a
hardness of ~4kp.

35 tablets were packaged in a 60 cc bottle with 5 gram desiccant and stored at

10 40°C/75 % RH for up to 3 months or 30°C/65 % RH for up to 3 months.

Linaclotide content and purity as well as the amount of linaclotide-related substances

were measured essentially as described in Example 21 or by an equivalent method. Results

are provided in Table 20.

Table 18
Ingredients Function linacloGti:iael/‘g;?‘; t:g gfanules
Linaclotide AP1 - 0.15mg
Mannitol, USP Granule filler S0 mg
Leucine, USP Stabilizer 0.64 mg
CaCl,*2H,0, USP Stabilizer 0.72 mg
PVP K30, USP Binder 22 mg
HCl solution (pH 2.5) - -
i5
Table 19
Ingredients Function T‘ablet‘x?;}hggg total
Linaclotide granules Active 53.4
Isomalt, USP Tablet filler 134.1
- Croscarmellose Sodium, USP Disintegrant 10
Magnesium stearate, USP Lubricant 1.5
Talc, USP Ghidant 1.0
Table 20
Condition Time Change in Assay % | Total Degradation
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0.48-0.53 20 Low 42 31.0-38.6 42.4-51.2 0.52-0.64 20 Low 44 31.0-37.6 39.5-48.8 0.40-0.46 18 Low

45 28.7-36.5 37.1-49.2 0.49-0.61 18 Low 46 28.6-35.2 37.1-47.2 0.39-0.53 18 Low 47 33.4-38,7
40.6-48.5 0.48-0.47 18-26 Low 48 31.6-36.1 41.6-46.7 0.36-0.72 18 Low

10

15

40°C/75 % RH Initial 100 227
40°C/75 % RH I month 96.2 2.09
40°C/75 % RH 2 months 102 2.15
40°C/75 % RH 3 months 99.5 1.52
30°C/65 % RH 3 months 1001 1.19

Example 57: Linaclotide Capsule Formulation

The linaclotide formulation of Example 57 was produced essentially as described in

Example 16. Table 21 provides the coating solution ingredients and their theoretical weights

(mg/g}) and (kg/Batch) for the complete Linaclotide Beads Drug Layer Solution. Table 22

provides the ingredients and theoretical weights (mg/g) and (kg/Batch) for the preparation for

the Linaclotide Active Beads. The linaclotide formulation was encapsulated in hard gelatin

capsules, size 2 (weight 61 mg), essentially as described in Exampie 20. The 150 pg

linaclotide capsules contained 56 mg linaclotide beads (600 ug linaclotide/225 mg beads)

while the 300 pg linaclotide capsules contained 113 mg linaclotide beads (600 pg

linaclotide/225 mg beads).

Table 21
Ineredients Function | Theoretical Weight | Theoretical Weight
B (mg/g) (kg/batch)
Linaciotide APIL 2.67 0.067
CaCl;*2H,0, USP, EP, BP, JP Stabilizer 15.41 0.385
L-Leucine, USP Stabilizer 6.87 0.172
Hydroxypropyl Methyicellulose, .
USP (Methocel ES Premium LV) Binder 7.00 0.175
Purified Water, USP - - 16.666
HCI (36.5-38.0), NF - -- 0.114
Table 22
Ingredients Function Theoretical Weight | Theoreticai Weight
B (mg/g) (kg/batch)
Linaclotide Beac}s Drug Layer Coatfng 3105 0.799
Solution solution
Microcrystalline cellulose spheres
NF (Celphere CP-305) Beads 968.05 24.201
Final Total:
Linaclotide Beads, 600 pg/225 Active beads 1000 25.000

mg)
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49 28.5-36.5 36.8-48.1 0.45-0.51 18 Low 50 27.9-36.4 37.1-48.6 0.35-0.60 18 Low Example Product
Spraying Temp (C) Inlet Temp (C) Spray rate (g/min) Atomization Pressure (psig) Air Flow 51
29.3-37.9 36.7-49.2 0.42-0.55 18 Low 52 29.8-36.3 36.1-49.1 0.44-0.54 18 Low

10

15

20

25

30

Claims
1. A pharmaceutical composition comprising linaclotide and a pharmaceutically
acceptable excipient, wherein the chromatographic purity of the linaclotide decreases by less
than 10% after (a) 18 months of storage of the pharmaceutical composition at 25°C at 60%
relative humidity in a sealed container containing a desiccant or (b) 6 months of storage of
the pharmaceutical composition at 40°C at 75% relative humidity in a sealed container

containing a desiccant.

2. The pharmaceutical composition according to claim 1, wherein the chromatographic
purity of the linaclotide decreases by less than 9%, 8%, 7%, 6%, 5%, or 4% after (a) 18
months of storage of the pharmaceutical composition at 25°C at 60% relative humidity in a
sealed container containing a desiccant or (b) 6 months of storage of the pharmaceutical

composition at 40°C at 75% relative humidity in a sealed container containing a desiccant.

3. A unit dosage form of a pharmaceutical composition comprising linaclotide and a
pharmaceutically acceptable excipient, wherein the chromatographic purity of the linaclotide
decreases by less than 10% after (a) 18 months of storage of the unit dosage form at 25°C at
60% relative humidity in a sealed container containing a desiccant or (b) 6 months of storage
of the unit dosage form at 40°C at 75% relative humidity in a sealed container containing a

desiccant.

4. The unit dosage form according to claim 3, wherein the chromatographic purity of the
linaclotide decreases by less than 9%, 8%, 7%, 6%, 5% or 4% after (a) 18 months of storage
of the unit dosage form at 25°C at 60% relative humidity in a sealed container containing a
desiccant or (b) 6 months of storage of the unit dosage form at 40°C at 75% relative humidity

in a sealed container containing a desiccant.

5. A sealed container comprising a plurality of unit dosage forms of a pharmaceutical
composition comprising linaclotide and a pharmaceutically acceptable excipient wherein the
chromatographic purity of the linaclotide decreases by less than 10% after (a) 18 months of
storage of the sealed container containing a desiccant at 25°C at 60% relative humidity or (b)
& months of storage of the sealed container containing a desiccant at 40°C at 75% relative

humidity.

12



53 28.9-35.8 36.5-47.7 0.45-0.52 18 Low Processing issues were experienced during spraying on
the beads for examples 32 (Calcium Alginate), 34 (Calcium Stearate) and 43 (CaC12:Vitamin E).
Thus, the coating solution was mixed with the Celphere beads and the beads were dried on a tray. 5
Example 54: Linaclotide Formulation Stability Testing For the formulations of Examples 27-53,
gelatin capsules were filled with approximately 225 mg of active beads (600 ug linaclotide/capsule).
Five filled capsules were placed in plastic bottles. The bottles contained Ig of desiccant and were
induction &ealedEhledottiesnaerecstdiegtatctGG /7583t R fbe t{hree}mn:g‘rﬁp@ierpsbitmhs

L lotid t 0 were | ured essentially
a;ngg;)clrltfegg%{eé}(amﬁ? ’%%L&%ffaﬁr: Zeﬁlsggrﬁe?%%esu ts atr%rg ovide f{ 18K (three
months stdbilityrdedablanenc(sicimppthdsmbility)a Pable 2 68% E@EaMplbl%léft}rmab)ﬂésay [wiw] %
CP To CR[T¥iQfout tﬁﬂ%@%@r@%&@@&%&%&%&ﬁiﬁg-@8&@&%%% 28:07,29550 %R A2 71 % 95.40

30 109.06 93.07 % 95
humidity.

7. A pharmaceutical composition comprising linaclotide and a'pharmaceu{icaliy
acceptable excipient, wherein the assay value for linaclotide determined on a weight/weight
10 basis decreases by less than 10% after (a) 18 months of storage of the pharmaceutical
composition at 25°C at 60% relative humidity in a sealed container containing a desiccant or
(b} 6 months of storage of the pharmaceutical composition at 40°C at 75% relative humidity

in a sealed container containing a desiccant.

15 8. The pharmaceutical composition according to claim 7, wherein the assay value for the
linaclotide decreases by less than 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2% or 1% after (a) 18
months of storage of the pharmaceutical composition at 25°C at 60% relative humidity in a
sealed container containing a desiccant or (b} 6 months of storage of the pharmaceutical
composition at 40°C at 75% relative humidity in a sealed container containing a desiccant.

20
9. A unit dosage form of a pharmaceutical composition comprising linaclotide and a
pharmaceutically acceptable excipient, wherein the assay value for linaclotide determined on
a weight/weight basis decreases by less than 10% after (a) 18 months of storage of the unit
dosage form at 25°C at 60% relative humnidity in a sealed container containing a desiccant or

25 (b) 6 months of storage of the unit dosage form at 40°C at 75% relative humidity in a sealed

container containing a desiccant.

10.  The unit dosage form according to claim 9, wherein the assay value for the linaclotide
decreases by less than 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2% or 1% after (a) 18 months of

30 storage of the unit dosage form at 25°C at 60% relative humidity in a sealed container
containing a desiccant or (b} 6 months of storage of the unit dosage form at 40°C at 75%

relative humidity in a sealed container containing a desiccant.
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103.59 95.98 % 99.12 32 66.53 82.66 % 85.27 33 96.81 91.94% 93.55 34 30.75 55.47 % 56.88 35
101.37 93.07 % 95.02 36 105.27 91.49% 93.45 37 109.22 95.73 % 97.99 38 99.24 95.79 % 97.59 39
95.22 95.76% 97.82 40 102.98 95.68 % 97.60

11. A sealed container comprising a plurality of unit dosage forms of a pharmaceutical

composition comprising linaclotide and a pharmaceutically acceptable excipient wherein the

assay value for linaclotide in the unit dosage forms determined on a weight/weight basis

decreases by less than 10% after (a) 18 months of storage of the sealed container containing a
5  desiccant at 25°C at 60% relative humidity or (b} 6 months of storage the sealed container

containing a desiccant at 40°C at 75% relative humidity.

12, The sealed container according to claim 11, wherein the assay value for the linaclotide
decreases by less than 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2% or 1% after {a) 18 months of

10 storage the sealed container containing a desiccant at 25°C at 60% relative humidity or (b) 6
months of storage the sealed container containing a desiccant at 40°C at 75% relative

hurudity.

13. The unit dosage form according to any one of claims 3-4 or 9-10, wherein each unit

15 dosage form contains from 50 pg to 2 mg linaclotide.

14.  The sealed container according to any one of claims 5-6 or 11-12, wherein each unit

dosage form contains from 50 pg to 2 mg linaclotide.

20 15,  The pharmaceutical composition according to either of claims | or 2, wherein the
chromatographic purity of the linaciotide decreases by less than 10% after (a) 24 months of
storage of the pharmaceutical composition at 25°C at 60% relative humidity in a sealed
container containing a desiccant or (b} 6 months of storage of the pharmaceutical

composition at 40°C at 75% relative humidity in a sealed container containing a desiccant.

6. The unit dosage form according to either of claims 3 or 4, wherein the
chromatographic purity of the linaclotide decreases by less than 10% after (a) 24 months of
storage of the unit dosage form at 25°C at 60% relative humidity in a sealed container
containing a desiccant or (b) 6 months of storage of the unit dosage form at 40°C at 75%

30 relative humidity in a sealed container containing a desiccant.

17. The sealed container according to either of claims 5 or 6, wherein the

chromatographic purity of the linaclotide decreases by less than 10% after (a) 24 months of
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41 110.92 94.03 % 96.30 42 120.05 88.57 To 91.65 43 58.51 70.99 % 74.06 98.83 93.84% 96.88 45
91.72 90.07% 93.71 46 90.17 189.45% 91.67 Example Assay [wAtil % of Initial 4. % CP % CP [To of
Initial] 47 105.70 88.59% 91.31 48 106.92 95.11 % 97.62

storage of the pharmaceutical composition at 25°C at 60% relative humidity in a sealed
container containing a desiccant or (b) 6 months of storage of the pharmaceutical

composition at 40°C at 75% relative humidity in a sealed container containing a desiccant.

5 18 The pharmaceutical composition according to either of claims 7 or 8, wherein the
assay value of the linaclotide decreases by less than 10% after (a) 24 months of storage of the
pharmaceutical composition at 25°C at 60% relative humidity in a sealed container
containing a desiccant or {(b) 6 months of storage of the pharmaceutical composition at 40°C
at 75% relative humidity in a sealed container containing a desiccant.

10
1. The unit dosage form according to either of claims 9 or 10, wherein the assay value of
the linaclotide decreases by less than 10% after (a) 24 months of storage of the unit dosage
form at 25°C at 60% relative humidity in a sealed container containing a desiccant or (b} 6
months of storage of the unit dosage form at 40°C at 75% relative humidity in a sealed

15  container containing a desiccant.

20. The sealed container according to either of claims 11 or 12, wherein the assay value
of the linaclotide decreases by less than 10% after (a) a first 24 months of storage of the
sealed container containing a desiccant at 25°C at 60% relative humidity or (b) 6 months of

20 storage of the sealed container containing a desiccant at 40°C at 75% relative humidity.

21. A pharmaceutical composition comprising a pharmaceutically acceptable carrier,
linaclotide and one or more agents selected from (i) a cation selected from Mg?*, Ca**, Zn™",
Mn’*, K*, Na* or AP**. or (ii) a sterically hindered primary amine, wherein the agent
25 improves at least one attribute of the composition, relative to a pharmaceutical composition
without said agent, after (a) a first 18 months of storage of the pharmaceutical composition at
25°C at 60% relative humidity in a sealed container containing a desiccant or (b) a first 6
months of storage of the pharmaceutical composition at 40°C at 75% relative humidity in a
sealed container containing a desiccant, wherein said attribute is selected from a decrease in
30 the rate of degradation of linaclotide as measured by linaclotide content, a decrease in the rate
of degradation of linaclotide as measured by chromatographic purity of linaclotide, a
decrease in the amount of a linaclotide oxidation product relative to the amount of linaclotide,

a decrease in the amount of a linaclotide hydrolysis product relative to the amount of
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49 96.48 94.62 % 96.60 50 112.30 95.86 % 98.98 51 102.92 91.80% 99.79 52 108.12 83.10% 86.80
53 104.22 95.25 % 97.95 * Variability in the values for Assay [w/w % of Initial] reflects the imperfect
control over content uniformity for these capsule lots, which manufactured at small scale. It is believed
that the difficulties encountered during processing and the resulting 5modified processing procedure

for Examples 32, 34 and 43 (see above) could explain the lower stability observed in these samples.
Table 168 EAIHHIE A seﬁi/e%\?v?\}\ﬂ “S(‘?&F{ﬁ‘iﬁ‘éf) ?éé{‘%%&ﬁ‘%ﬁf@?‘dm%%r&iaéQﬁ%‘i&?ﬁfﬁ’iiw) Oxidation
Hydrolysisitetotdideiyite to the amount of linaclotide.

22, The pharmaceutical composition according to claim 21, wherein said agent is Mg’*,

5 Ca’t Zn*t Mnr®*, K, Nator AP

23.  The pharmaceutical composition according to claim 22, wherein said Mg®*, Ca**,
Zn™*, Mn™*, K*, Na* or Al'* is provided as magnesium acetate, magnesium chloride,
magnesium phosphate, magnesium sulfate, calcium acetate, calcium chloride, calcium

10 phosphate, calcium sulfate, zinc acetate, zinc chloride, 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 chloride, aluminum

phosphate or aluminum sulfate.

15
24.  The pharmaceutical composition according to claim 23, wherein said 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.

20

25.  The pharmaceutical composition according to claim 22, wherein said agent is Mg”™*,

24 3
Ca““orZn™".

26.  The pharmaceutical composition according to claim 25, wherein said Mg™, Ca** or

25 Zn™tis provided as magnesium chloride, calcium chloride or zinc acetate.
27.  The pharmaceutical composition according to claim 22, wherein said agent is Ca’".

28.  The pharmaceutical composition according to claim 27, wherein said Ca® is provided

30 as calcivm chloride.

29.  The pharmaceutical composition according to claim 21, wherein said agent is a

sterically hindered primary amine.
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Imine 27 91.58 89.68 (93.58) 0.09 0.60 1.59 28 93.36 88.44 (90.78) 0.24 0.41 1.55 29 93.73 87.79
(90.34) 0.18 0.53 1.82 30 108.63 93.93 (96.65) 0.39 1.11 0.44 31 94.53 86.83 (89.67) 0.41 0.98 32
69.28 73.15

30.  The pharmaceutical composition according to claim 29, wherein the sterically

hindered primary amine is an amino acid.

5 31.  The pharmaceutical composition according to claim 30, wherein the amino acid is a

naturally-occurring amineo acid.

32, The pharmaceutical composition according to claim 31, wherein the naturally-
ocecurring amino acid is histidine, phenylalanine, alanine, glutamic acid, aspartic acid,
10 glutamine, leucine, methionine, asparagine, tyrosine, threonine, isoleucine, tryptophan or

valine.

33, The pharmaceutical composition according to claim 32, wherein the naturally-
occurring amino acid is histidine, phenylalanine, leucine, methionine, isoleucine, tryptophan

15 or valine.

34.  The pharmaceutical composition according to claim 33, wherein the naturally-

occurring amino acid is leucine, isoleucine, alanine or methionine.

20 35, The pharmaceutical composition according to claim 34, wherein the naturally-

occurring amino acid is leucine or methionine.

36.  The pharmaceutical composition according to claim 35, wherein the naturally-
occurTing amino acid is leucine.

25
37. The pharmaceutical composition according to claim 30, wherein the sterically

hindered primary amine is a non-naturally occurring amino acid or an amino acid derivative.

38.  The pharmaceutical composition according to claim 37, wherein the non-naturally

30 occurring amino acid is 1-aminocyclohexane carboxylic acid, lanthanine or theanine.
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(75.46) 0.97 1.93 1.69 33 88.91 85.96 (87.46) 0.97 3.86 0.17 34 77.37 70.42 (72.21) 0.67 0.99 1.78 35
95.34 88.85 (90.71) 0.39 1.80 0.33 36 102.83 87.27 (89.14) 3.31 1.86 0.21 37 99.33 87.23 (89.29)

0.590.25
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39.  The pharmaceutical composition according to claim 29, wherein the sterically
Ry

Rﬁ\kﬁg
NH,
hindered primary amine has the formula: , wherein Ry, Ry and R; are
independently selected from: H; ~C(O)OH,; C,-Cs alkyl, optionally substituted by —~CO,H,
~CONHa, or a 5-10 membered aryl or heteroaryl; C,-Cq alkexyalkyl; or C,-Cq

thivalkoxyalkyl, 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.

40.  The pharmaceutical composition according to claim 39, wherein the sterically

hindered primary amine is cyclohexylamine or 2-methylbutylamine.

41.  The pharmaceutical composition according to claim 29, wherein the sterically

hindered primary amine is a polymeric amine.

42.  The pharmaceutical composition according to claim 41, wherein the polymeric amine

is chitosan.

43.  The pharmaceutical composition according to any one of claims 29-42, wherein said

. . N b e
pharmaceutical composition further comprises Mg®*, Ca™, Zn**, Mn®", K*, Na* or Al*".

44.  The pharmaceutical composition according to claim 43, wherein said Mg”™*, Ca®*,
Zn™, Mn®*, K", Na* or AI’* is provided as magnesium acetate, magnesium chioride,
magnesium phosphate, magnesium sulfate, calcium acetate, calcium chioride, calcium
phosphate, calcium sulfate, zinc acetate, zinc chloride, zinc phosphate, zinc sulfate,
manganese acetate, manganese chloride, manganese phosphate, manganese suifate, potassium
acetate, potassium chloride, potassium phosphate, potassium sulfate, sodium acetate, sodium
chloride, sodium phosphate, sodium sulfate, aluminum acetate, aluminum chloride, aluminum

phosphate or aluminum sulfate,

45.  The pharmaceutical composition according to claim 44, wherein said ng’ Ca®™",

Zn™, Mn®*, K*, Na” or AP is provided as magnesium chloride, caicium chloride, calcium
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38 93.97 86.27 (87.89) 0.42 0.45 39 87.78 85.23 (87.07) 0.40 0.31 Example Assay fw/wl % of Initial
Area % by HPLC Lmaclotide ( % of Initial) Oxidation Hydrolysis Formaldehyde Imine 40 94.36 86.28
(88.01) 0.46 0.41 41 104.28 90.04 (92.22)

10

15

20

25
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phosphate, calcium sulfate, zinc acetate, manganese chioride, potassium chloride, sodium

chlonde or aluminum chloride.

46.  The pharmaceutical composition according to any one of claims 29-42, wherein said

pharmaceutical composition further comprises Mg™*, Ca®* or Zn**.

47.  The pharmaceutical composition according to claim 46, wherein said Mg®*, Ca’* or

Zn’* is provided as magnesium chloride, calcium chloride or zinc acetate.

48.  The pharmaceutical composition according to claim 46, wherein said pharmaceutical

.o - pd
composition further comprises Ca™".

49.  The pharmaceutical composition according to claim 48, wherein said Ca®* is provided

as calcium chioride.

30.  The pharmaceutical composition according to any one of claims 21-49, further

comprising an antioxidant.

51.  The pharmaceutical composition according to claim 50, wherein said antioxidant is

BHA, vitamin E or propyi gallate.

52. A pharmaceutical composition comprising a pharmaceutically acceptable carrier,
linaclotide, a cation selected from Mg”*, Ca™*, Zn™*, Mn*, K*, Na" or A", and a sterically

hindered primary amine.

53. The pharmaceutical composition according to claim 52, wherein said Mgz*, Ca™,
Zn**, 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 chloride, zinc phosphate, zinc sulfate,
manganese acetate, manganese chloride, manganese phosphate, manganese sulfate, potassium
acetate, potassium chloride, potassium phosphate, potassium sulfate, sodium acetate, sodium
chloride, sodium phosphate, sodium sulfate, aluminum acetate, aluminum chloride, aluminum

phosphate or aluminum suifate.

19



0.33 1.61 0.52 42 117.92 76.85 (79.52) 0.14 1.21 0.10 43 54.21 59.54 (62.12) 5.92 4.44 1.83 44 92.56
90.24 (93.17) 0.16 1.47 0.54 45 76.23 79.57 (82.78) 0.17 0.87 1.22 46 73.07 78.92 (80.88) 0.51 0.66

0.65 47
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54.  The pharmaceutical composition according to claim 53, wherein said Mg?*, Ca®*,
Zn**, M, K*, Na* or Al™ is provided as magnesium chloride, calcium chioride, calcium
phosphate, calcium sulfate, zinc acetate, manganese chloride, potassium chloride, sodium

chloride or aluminum chlornde.

55.  The pharmaceutical composition according to claim 52, wherein said cation is

selected from Mg, Ca™ or Zn**.

56.  The pharmaceutical composition according to claim 55, wherein said Mg®*, Ca** or

g . s . . . . .
Zn”" is provided as magnesium chloride, calcium chioride or zinc acetate.
. . - . . . . . %
57. The pharmaceutical composition according to claim 55, wherein said cation is Ca™".

58.  The pharmaceutical composition according to claim 57, wherein said Ca’* is provided

as calcium chloride.

59.  The pharmaceutical composition according to any one of claims 52-56, wherein the

sterically hindered primary amine is an amino acid.

60.  The pharmaceutical composition according to claim 59, wherein the amino acid is a

naturally-occurring amino acid.

61.  The pharmaceutical composition according to claim 60, wherein the naturally-
occurring amino acid is histidine, phenylalanine, alanine, glutamic acid, aspartic acid,
glutamine, leucine, methionine, asparagine, tyrosine, threonine, isoleucine, tryptophan,

methionine or valine.
62.  The pharmaceutical composition according to claim 61, wherein the naturally-

occurring amino acid is histidine, phenylalanine, leucine, methionine, isoleucine, tryptophan

or valine.

56



97.65 82.73 (85.27) 0.92 0.60 2.68 48 93.94 85.24 (87.49) 0.05 0.69 0.20 49 51.65 63.46 (64.79) 0.96
0.58 2.24 50 104.75 92.61 (95.62) 0.38 0.48 51 94.15 88.19 (92.01) 0.58 1.35 52 100.06 72.81
(75.62) 0.06

10

5

20

25

63 The pharmaceutical composition according to claim 62, wherein the naturally-

occurting amino acid is leucine, isoleucine, alanine or methionine.

64.  The pharmaceutical composition of claim 63, wherein the naturally-occurring amine

acid is ieucine.

65.  The pharmaceutical composition according to claim 52, wherein the sterically

hindered primary amine is a non-naturally occurring amino acid or an amino acid derivative.

66.  The pharmaceutical composition according to claim 65, wherein the non-naturally

occurring amino acid is 1-aminocyclohexane carboxylic acid, lanthanine or theanine.

67.  The pharmaceutical composition according to claim 52, wherein the the sterically
Rp
Ry \k Ry
NH.
hindered primary amine has the formula: , wherein Ry, R; and R are

independently selected from: H; ~C(O)OH,; C,-Cs alkyl, optionally substituted by ~CO-H,
~CONH;z, or a 5-10 membered aryl or heteroaryl; C;-Cs alkoxyalkyl; or C;-Cg
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 Ry are H.

68.  The pharmaceutical composition according to claim 67, wherein the sterically

hindered primary amine is cyclohexylamine or 2-methylbutylamine.

69.  The pharmaceutical composition according to claim 52, wherein the sterically

hindered primary amine 1s 2 polymeric amine.

70.  The pharmaceutical compesition according to claim 69, wherein the sterically

hindered primary amine is chitosan.



0.49 0.41 53 95.74 89.80 (92.35) 0.06 0.36 1.40 Chromatographic purity values for Examples
27-53 at the six-month time point appear atypically low, particularly with respect to the three-month
time points for these samples. Relative trends for stabilizing or destabilizing effects can be established
by 5 comparison with Example 27 and Example 31 as internal reference experiments, for which the
chromatoggaphiﬁﬁur't%Iues, are a proximag(y 6-8% lower than_consistently abserved in other
studies that have Belh CHGUUAHRERORIE BSERIMIELO RN 3%) T HAR & 1ifb it ta provided in
Table 16Admptisnganpbadaincaiationg shepstieqrkidymidababianoatamiaphic puidty sabdasa Thus, the low
chromato%]rl ngi% Q%X%I,Hes at six months are likely due to an 10 insufficient desiccant capacity at
six months for these particular storage conditions. This hypothesis is supported by the impurity peaks
that are observed and that are indicative of exposure to moisture. Example 55: Linaclotide

Formyation StabllbyesHRo.ALAYGIAN1 BILILA TRNINS oo Fonie formylplins of Examples B-15
and 17, gelatin capsules were filled with approximately 225"mg of active beads. Five filled capsules
were plac&d#pIaSHE BItAsIasThe bottles contained 1 g of desiccant and were induction sealed. The

bottles were stored at 25C/60 % RH for 24 months. Linaclotide content and purity as well as the
amount of linaclotide-related substances were measured essentially as described in Example 21 or by
an equivalént mERRIERRSHHE S ProgtiEanAcrasing o deiradie Yherginamdrauesdgwia] % of Initial
Area % bp KR LGianhin 8o tes (e afdnitial) Oxidation Hydrolysis Formaldehyde Imine 8 94.36 94.58
(10]1.8) 0.211.26

74.  The pharmaceutical composition according 1o any one of claims 52-73, further

comprising a pharmaceutically acceptable binder.

75. The pharmaceutical composition according to claim 74 wherein the pharmaceutically
15 acceptable binder is selected from polyvinyl alcohol, polyvinylpyrrolidone {(povidone), a

starch, maltodextrin or a cellulose ether.

76. The pharmaceutical composition of claim 75 wherein the pharmaceutically acceptable
binder is a cellulose ether.

20
77.  The pharmaceutical composition of claim 76 wherein the cellulose ether is selected
from: methylcellulose, ethylcellulose, carboxymethylcellulose, hydroxyethyl cellulose,

hydroxyethyl methyicellulose, hydroxypropy! cellulose and hydroxypropyl methylcellulose.

25 78.  The pharmaceutical composition of any of claims 52-77, further comprising a

pharmaceutically acceptable filler.

79.  The pharmaceutical composition according to claim 78, wherein the pharmaceutically
acceptable filler is cellulose, isomalt, mannito} or dibasic calcium phosphate.

30
80.  The pharmaceutical composition of claim 79 wherein the cellulose is selected from

microfine cellulose and microcrystaliine cellulose.



0.53 9 94.08 95.09 (97.86) 0.14 0.36 0.93 10 80.80 87.82 (90.84) 0.38 0.26 3.77 10a ) 89.29 91.55
(94.95 0.50 0.39 1.60 10b 2) 88.41 91.19 (95.02) 0.44 0.34 1.61 10c 3) 72.35 72.36 (75.76) 0.30 0.26
19.13 11 87.50 90.25

81. The pharmaceutical composition of any of claims 78-80, wherein the
pharmaceutically acceptable filler comprises particles having an average diameter between

150 pm and 1000 pum.

5 82, The pharmaceutical composition of any of claims 52-81, wherein pharmaceutical
composition comprises a filler and the weight ratio of linaclotide to pharmaceutically

acceptable filler is between 1:25 and 1:2,500.

83.  The pharmaceutical composition according to claim 82, wherein the weight ratio of

10 linaclotide to pharmaceutically acceptable filler is between 1:100 and 1:2000.

84.  The pharmaceutical composition according to claim 83, wherein the weight ratio of

iinaciotide to pharmaceutically acceptable filler is between 1:100 and 1:1000.

I5 85.  The pharmaceutical composition of any of claims 52-84 wherein the sterically

hindered amine is leucine and the molar ratio of leucine to linaclotide is at least 10:1.

86.  The pharmaceutical composition of claim 85 wherein the molar ratio of leucine to
linaclotide is at least 20:1.

20
87.  The pharmaceutical composition of claim 86 wherein the molar ratio of leucine to

linaclotide is at least 30:1.

88. The pharmaceutical composition of any of claims 52-87 wherein the cation is Ca’*

25  and the molar ratio of Ca** to leucine is at feast 1:1.

89. The pharmaceutical composition of claim 88, wherein the molar ratio of Ca®* to

leucine is at least 1.5:1.

30 90.  The pharmaceutical composition of claim 89 wherein the molar ratio of Ca** to

leucine 18 at least 2:1.



(92.82) 1.03 0.42 1.94 12 62.82 66.77 (68.62) 2.20 1.24 2.11 13 90.59 93.79 (95.93) 1.21 0.65 0.77 14
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91.  The pharmaceutical composition according 1o any one of claims 52-84, wherein the

molar ratio of cation:sterically hindered primary amine:linaclotide is 40-100:20-50:1.

G2 The pharmaceutical composition according to claim 91, wherein the cation is Ca®* and

the sterically hindered primary amine is leucine.

93.  The pharmaceutical composition according to claim 92, wherein the molar ratio of
Ca”*:leucine:linaclotide 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 5:5:1.

94.  The pharmaceutical composition according to claim 93, wherein the molar ratio of

Ca**:leucine:linaclotide is 60:30:1.

§5.  The pharmaceutical composition according to any one of claims 92-94, wherein Ca*"

is provided as CaCl,.

96. A unit dosage form comprising the pharmaceutical composition according to any one

of claims 92-95.

§7.  'The unit dosage form according to claim 96, wherein each unit dosage form

comprises 50 pg to 1 mg linaclotide.

98.  The unit dosage form according to claim 97, wherein each unit dosage form is a
capsule or tablet, and wherein said unit dosage form comprises 67.5 pg, 100 pg, 133 ug, 150
Hg, 200 ug, 266 pg, 300 pg, 400 pg, 500 pg or 600 ug linaclotide.

99. A method for preparing a pharmaceutical composition comprising linaclotide or a salt
thereof, the method comprising:
(a) providing an aqueous solution comprising:
(i) linaclotide or a pharmaceutically acceptable salt thereof
(iy  one or more of a cation selected from Mg”*, Ca®*, Zn**, Mn**, K*, Na~
or A" or a sterically hindered primary amine: and,

(in}  optionally, a pharmaceutically acceptable binder; and



As for Example 10 with additional protective coating of Aquacoat (Aquacoat Ethylcellulose Aquaeous
Dispersion, 15% w/w, FMC Biopolymer, ECD-30) 2) As for Example 10 with additional protective
coating of Opadry (Opadry AMB dispersion, 20% w/w, Colorcon). 3) As for Example 10 with additional
protective coating of Eudragit (Eudragit E PO, Degussa, Roehm Phamia Polymers; SLS, Stearic Acid)
Example 56: Linaclotide Tablet Formulation and Stability Testing 5Active Iin%clo ide granules were

made by fluid bet grariBRIGIE S AHRIT 52 YL ihB AT EEA Ve 6RG e FesIdRnts described in

Table 18.gthedindiciatickdgrarustedivere blended with the excipients described in Table 19 and
compressed into tablets with a hardness of -4kp. 35 tablets were packaged in a 60 cc bottle
with 5 gram desiccant and stored at 10 40C/75 % RH for up to 3 months or 30C/65 % RH for up to 3
months. [00Linddotidehodntericandpurityrais helkas:the arhountehlinaciotidereldtet isdbstances
were qneggyre essgptially as described in Example 21 or by an equivalent method. Results are
provided in Table 20. Table 18 Ingredients Function Granule, 150 fag linaclotide/53.7 mg granules
Linaclotide API 0.15 mg Mannitol, USP Granule filler 50 mg Leucine, USP Stabilizer 0.64 mg

CaCl22Hz), USR Shahilack Q149 RYE 30 e Binder 2,2-mg HCksolylion: (R 25)
Ingredients Function Tablet (200 mg total weight) Linaclotide granules
provided as magnesium acetaie, magnesium chloride, magnesium phosphate, magnesium

sulfate, calcium acetate, calcium chioride, calcium phosphate, calcium sulfate, zinc acetate,
10 zinc chloride, zinc phosphate, zinc sulfate, manganese acetate, manganese chloride,

manganese phosphate, manganese suifate, potassium acetate, potassium chloride, potassium

phosphate, potassium sulfate, sodium acetate, sodium chloride, sodium phosphate, sodium

sulfate, aluminum acetate, aluminum chloride, aluminum phosphate or aluminum sulfate.
15 102. The method of claim 101, wherein said Mg”*, Ca**, Zn**, Mn™, K*, Na* or AI** is
provided as magnesium chloride, calcium chloride, calcium phosphate, calcium sulfate, zinc

acetate, manganese chloride, potassium chloride, sodium chloride or aluminum chioride.

103.  The method of claim 99, wherein said cation is selected from Mg?*, Ca* or Zn®"

20
104.  The method of claim 103, wherein said Mg™*, Ca® or Zn™ is provided as magnesium
chloride, calcium chloride or zinc acetate.
105.  The method of claim 103, wherein said cation is Ca”",

25
106. The method of claim 1035, wherein said Ca” is provided as caleium chloride.
107.  The method of claim 99, wherein the sterically hindered primary amine is an amino
acid.

30

108.  The method of claim 107, wherein the amino acid is a naturally-occurring amino acid.

n
LA



Active 53.4 Isomalt USP Tablet filler 134.1 Croscarmellose Sodium, USP Disintegrant 10 Magnesium
stearate, USP Lubricant 1.5 Talc, USP Glidant 1.0 Table 20 ConditionTimeChange in Assay
%Total Degradation 40C/75 % RH Initial 100 2.27

105.  The method of claim 108, wherein the naturally-occurring amino acid is histidine,
phenylalanine, alanine, glutamic acid, aspartic acid, glutamine, leucine, methionine,

asparagine, tyrosine, threonine, isoleucine, tryptophan, methionine or valine.

5 110, The method of claim 109, wherein the naturally-occurring amino acid is histidine,

phenylaianine, leucine, methionine, 1soleucine, tryptophan or valine.

111, The method of claim 110, wherein the naturaily-occurring amino acid is leucine,
isoleucine, alanine or methionine.
10

i12. The method of claim 111, wherein the naturally-occurring amino acid is leucine.

113.  The method of claim 99, wherein the sterically hindered primary amine is a non-
naturally occurring amino acid or an amino acid derivative.

15
114.  The method of claim 113, wherein the non-naturally occwrring amino acid is 1-

aminocyclohexane carboxylic acid, lanthanine or theanine.

115, The method of claim 99, wherein the sterically hindered primary amine has the

20 formula: . wherein R;, R; and R; are independently selected from: H;
~C(OYOH; C;-Cy alkyl, optionally substituted by ~CO,H, ~CONHjy, or a 5-10 membered aryl
or heteroaryl; C;-Cs alkoxyalkyl; or C;-Cg 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 Ry are H.

25
116.  The method of claim 115, wherein the sterically hindered primary amine is

cyclohexylamine or 2-methylbutylamine.

117, The method of claim 99, wherein the sterically hindered primary amine is a polymeric

30  amine.



40C/75 % RH 1 month 96.2 2.09 40C/75 % RH 2 months 102 2.15 40C/75 % RH 3 months 99.5 1.52
30C/65 % RH 3 months 100.1 1.19 Example 57: Linaclotide Capsule Formulation The linaclotide
formulation of Example 57 was produced essentially as described in Example 16. Table 21 provides
the coating solution ingredients and their theoretical weights 5(mg/g) and (kg/Batch) for the complete
Linaclotide Beads Drug Layer Solution. Table 22 provides the ingredients and theoretical weights
(mg/g) and (kg/Batch) for the preparation for the Linaclotide Active Beads. The linaclotide formulation
was encapbtilatddiérmistirodgd] atined pELvds;rsizeh? (waigihityGindgidessemtiollyias deddrised in Example
20. The 150 jig linaclotide capsules contained 56 mg linaclotide beads (600 tig linaclotide/225 mg
beads) 10while the 300 mg linaclotide capsules contained 113 mg linaclotide beads (600 pg
linaclotide/?5 mMgbeader Fuprding orjredictfts! FunechioniT Heoretica s \waigvo(fghe) Theoretical
Weight (kgdbatsh) Linacietide,AP1 2.67 0.067 CaC122H20, USP, EP, BP, JP Stabilizer 15.41 0.385
L-Leucine, USP

120.  The method of claim 119, wherein said antioxidant is BHA, BHT, vitamin E, propyl
gallate, ascorbic acid and salts or esters thereof, tocopherol and esters thereof, alpha-lipoic
acid or beta-carotene. ‘

10
121.  The method of claim 99, wherein the aqueous solution comprises both the cation
selected from Mg?*, Ca®*, Zn®*, Mn™*, K*, Na* or AI>* and the sterically hindered primary

amine,

I5 122, The method of claim 121, wherein said Mg**, Ca**, Zn®*, Mn®*, K*, Na* or AI** is
provided as magnesium acetate, magnesium chloride, magnesium phosphate, magnesium
sulfate, calcium acetate, calcium chloride, calcium phosphate, calcium suifate, zinc acetate,
zinc chloride, zinc phosphate, zinc sulfate, manganese acetate, manganese chloride,
manganese phosphate, manganese sulfate, potassium acetate, potassium chloride, potassium

20 phosphate, potassium sulfate, sodium acetate, sodium chloride, sodium phosphate, sodium

sulfate, aluminum acetate, aluminum chloride, aluminum phosphate or aluminum sulfate.

123.  The method of claim 122, wherein said Mg, Ca™, Zn™*, Mn®*, K*, Na* or A’ is

provided as magnesium chloride, calcium chloride, calcium phosphate, calcium sulfate, zinc
25  acetate, manganese chloride, potassium chioride, sodium chloride or aluminum chloride.

124, The method of claim 121, wherein said cation is selected from Mg™*, Ca® or Zn>".

125.  The method of claim 124, wherein said Mg?*, Ca® or Zn®* is provided as magnesium

30 chloride, calcium chloride or zinc acetate.

126.  The method of claim 124, wherein said cation is Ca’™.



Stabilizer 6.87 0.172 Hydroxypropyl Methylcellulose, USP (Methocel E5 Premium LV) Binder 7.00
0.175 Purified Water, USP 16.666 HO (36.5-38.0), NW 0.114 15 Table 22 Ingredients Function
Theoretical Weight (mg/g) Theoretical Weight (kg/batch) Linaclotide Beads Drug Layer Solution
Coating solution 31.95 0.799 Microcrystalline cellulose spheres NF (Celphere CP-305) Beads 968.05

24.201 Fiq%?l'ot%&i@&&l}%ti%e c%?nazqiﬁ?\% elflglnzs%gcf%%}ég E:Ia\r/gv?cg:?lda% calcium chloride.

128. The method of claim 121, wherein the sterically hindered primary amine is an amino

acid.

125.  The method of claim 128, wherein the amino acid is a naturally-occurring amino acid.
130.  The method of claim 129, wherein the naturally-occurring amino acid is histidine,
phenylalanine, alanine, glutamic acid, aspartic acid, glutamine, leucine, methionine,

10 asparagine, tyrosine, threonine, isoleucine, tryptophan, methionine or valine.

131, The method of claim 130, wherein the naturally-cocurring amino acid is histidine,

phenylalanine, leucine, methionine, isoleucine, tryptophan or valine.

15 132, The method of claim 131, wherein the naturally-occurring amino acid is leucine,

isoleucine, alanine or methionine.
133, The method of claim 132, wherein the naturally-occurring amino acid is leucine.

20 134. The method of claim 121, wherein the sterically hindered primary amine is a non-

naturally occurring amino acid or an amino acid derivative,

135, The method of claim 134, wherein the non-naturally occurring amino acid is 1-

aminocyclohexane carboxylic acid, lanthanine or theanine.

25
136.  The method of claim 121, wherein the sterically hindered primary amine has the
Ra
Ry \k Rg
NH,
formula: , wherein Ry, R and R; are independently selected from: H;

~C(O)OH; C,-Cg alkyl, optionally substituted by ~CO,H, ~CONHj, or a 5-10 membered aryl
or heteroaryl; C;-Cs alkoxyalkyl; or Cy-Cq thioalkox yalkyl, wherein any of the alkyl or aryl



1000 25.000 Claims 1. A pharmaceutical composition comprising linaclotide and a pharmaceutically
acceptable excipient, wherein the chromatographic purity of the linaclotide decreases by less than
10% after (a) 18 months of storage of the pharmaceutical composition at 25C at 60% 5relative
humidity in a sealed container containing a desiccant or (b) 6 months of storage of the pharmaceutical

compositign at 40C at 75% relative humidity in.a sealed container containing a desic . 2. The
pharmacetiticar (gB‘r’ﬁ'Sésu ioh according to iééﬁ*ﬁbi‘f%ﬁ r‘é’fﬁg &%O&E fbﬁﬁé’%gfapﬁ%cp i‘bvplﬂc?%;&baftthe
linaclotidendeureates bydesRihBn 8% R8%s Fo, 6%, 5%, or 4% after (a) 18 months of storage of the
pharmaceutical composition at 25C at 60% relative humidity in a sealed container containing a
desiccant or (b) 6 months of storage of the pharmaceutical composition at 40C at 75% relative
humidity inH seaiéd wetedrsrcéomditfing e vésibeantrit 8 Andirdbsagedformiof & pharmaceutical
compesitiad.eamprisingdinaslafide, pharmaceutically acceptable excipient, wherein the
chromatographic purity of the linaclotide decreases by less than 10% after (a) 18 months of storage of
the unit dosage form at 25C at 60% relative humidity in a sealed container containing a desiccant or
(b) 6 Motz of stasagartbednihdosags s et 4RG.ah ¥ Alkdelativeunisiiinasealed container
containing a 20desiccant. 4. The unit dosage form according to claim 3, wherein the chromatographic
purity of tRS'NAXEIG A ecreases by less than 9%, 8%, 7%, 6%, 5% or 4% after (a) 18 months of
storage of the unit dosage form at 25C at 60% relative humidity in a sealed container containing a

25desiccant.or (k) 6 manths of stor of. the. unit dosage form at 40C at 75% relative. humidity in a
sealqe% cc?r?t!tgi'nert%gr?tlg%l]?r?ggg%Eé%?c?:%%tﬁﬁﬂ%%’glgﬁr&%ﬁ% BOESHEHS AURGAIEPBPIN dosage

forms of a pharmaceutical composition comprising linaclotide and a pharmaceutically acceptable
excipient rei r ic.purity.of the linaclotide decrease less.than 10% after (a)
18 monthév %}gsto?ggg%g tgr?e ge}gﬁggé?gr?tg#gr Ec%]ﬁ%tr]ﬁr%;g%gsfc‘éﬁeg? i%@ugg 8830 relative humidity or
(b) 6 monfiesgfiste EgAEtaYealed container containing a desiccant at 40C at 75% relative humidity.
6. The sealed container according to claim 5, wherein the chromatographic purity of the linaclotide
decreases by less than 9%, 8%, 7%, 6%, 5% or 4% after (a) 18 months of storage of the sealed
contaiher Ehtaidipfyacthod cf sty Yo estivossadanio ity B ¥ PE EnYdatE 6F Srside of the

sealed copiainercostginiag atesincant abAQkeAlof 2%e sphatve:Re MIGHYihdre b PR EIASBIICAl
composition&orrép{isirgl? Itinaclotide and a pharmaceutically acceptable excipient, wherein the assay
value for FECIOHGE déteifned on a weight/weight 10basis decreases by less than 10% after (a) 18
months of storage of the pharmaceutical composition at 25C at 60% relative humidity in a sealed
container contaiging iccant. :}(jg months of storage of harmaceutical composition at 40C
at 75% rela%\}e humﬂgtg/l(%l)r? %?chag% cgr%g?ﬁeeﬂ%%t%?ﬁ?ﬁé an(t:iiesst%:%fght. 158.The pharmaceutical
compdsition according to claim 7, wherein the assay value for the linaclotide decreases by less than
9%, 6%, T B%rhits 3P ang UnPlol A iR 48 MR ol SRkR0S ARls Pharmacalicel

composition at 25C at 60% relative humidity in a sealed container containing a desiccant or (b) 6
months of BB BRh &l n R UHE I EERHABRTIER Atlory; AStASYR FERIRAEHEMRIIA in a sealed
container &Qntiakaiegy@ desiccant. 20 9. A unit dosage form of a pharmaceutical composition
comprising linaclotide and a pharmaceutically acceptable excipient, wherein the assay value for
linaclotide determined on a weight/weight basis decreases by less than 10% after (a) 18 months of
storage ofitHe uriihclossgel ioff ntadh 236G ah&@k delphventudicitlin-acpalpid sariaines containing a
desiccantc%gégg)eg]gp_onths of storage of the unit dosage form at 40C at 75% relative humidity in a
sealed container containing a desiccant. 10. The unit dosage form according to claim 9, wherein the
assay value for the linaclotide decreases by less than 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2% or 1% after

(2) 18 MOQIBS Ofhe method of claim 144 wherein the cellulose ether is selected from:
methylcellulose, ethylcellulose, carboxymethylcellulose, hydroxyethyl cellulose,

30 hydroxyethyl methylcellulose, hydrox ypropyl cellulose and hydroxypropyl methylcellulose.

146.  The method of any one of claims 99-145, wherein the filler is selected from cellulose,

isomalt, mannitol or dibasic calcium phosphate.



30storage of the unit dosage form at 25C at 60% relative humidity in a sealed container containing a
desiccant or (b) 6 months of storage of the unit dosage form at 40C at 75% relative humidity in a
sealed container containing a desiccant. 11. A sealed container comprising a plurality of unit dosage
forms of a pharmaceutical composition comprising linaclotide and a pharmaceutically acceptable
excipient wherein the assay value for linaclotide in the unit dosage forms determined on a
weight/weight basis decreases by less than 10% after (a) 18 months of storage of the sealed container
containing! 475deEiccanthati 26 Clan 6096, retativie Huenfitidyiomibjobine eathswé siordgedhe saaked
container ggpiaining a desiccant at 40C at 75% relative humidity. 12. The sealed container according
to claim 11, wherein the assay value for the linaclotide decreases by less than 9%, 8%, 7%, 6%, 5%,
4%, 3%, 2% or 1% after (a) 18 months of 10storage the sealed container containing a desiccant at 25C
at 60% relative el 3 ontainer containing a desiccant at 40C
21 75% reative iy L5, The Lt Sooage o A SO e 0
wherein eg’ﬂf‘f}ﬁﬂbﬂ&ﬂé@é@% form contains from 50 tig to 2 mg linaclotide. 14. The sealed container
according to any one of claims 5-6 or 11-12, wherein each unit dosage form contains from 50 pg to 2
mg linaclotidc. 2015.The pharmaceutical compasition according to either of claims 1 or 2, wherein the
chromatodfaphic Puf§ ARt maersife BuBreisdd oy ssstrhn anwourralvapn s amied f storage of
the pharmaeéiiicakenpgsition at 25C at 60% relative humidity in a sealed container containing a
desi gant or (b) 6 months of storage of the pharmaceutical composition at 40C at 75% relative
humidity in a sealed container containing a desiccant. 25 16. The unit dosage form according to either
of claims 356r 4, Thkaeneihcthefchnpooatofcapinicqiutity, of the tinhelotitleh deereasasdeiolassthan 10%
after (a) f e nit dosage form at 25C 0% relative humidity in a sealed
containefp&%%%%gﬁ(}gg%%%%g%gj 6 SmS?ﬁ%gno?g?é%ﬂgasgéﬁg'unit dosage form at 40C at 75%
30relative humidity in a sealed container containing a desiccant. 17. The sealed container according

fo either ofslaime,? AL AW RLISIDS KA R0 @RI AHIN SLINEIAF Ao egrseses by less than

10% after é)a) 24 months of storage of the pharmaceutical composition at 2 t 60% relative humidity
in a bbalcRPeBRisTNEFbntaRTRIgNE dB it iabrtaiers) 6l Abintd 3P8brage of the pharmaceutical
composition at 40C at 75% relative humidity in a sealed container containing a desiccant. 518.The
pharmaceltgtical ;fgmé%g) itié)n accgjcl)i{r]ding to either of claims 7 or 8, wherein the assay value of the
linaclotide decreade T)%{T SEREINEI0RBHR AP sk ims dtHs orl s ah e amrHautical
compositioniat: 26Gcall H Bdretdtiuénhiumichty dniasealed icantainer®aotaining a desiccant or (b) 6
months of storage of the pharmaceutical composition at 40C at 75% relative humidity in a sealed
container containing a desiccant. 10 19. The unit dosage form according to either of claims 9 or 10,
whef€in thé3assaje/mkibogfatrotiiagittideitetidasberby lbssatian it @% after (a) 24 months of storage
of the unit dosage form at 25C at 60% relative humidity in a sealed container containing a desiccant or
(b) 6 months of storage of the unit dosage form at 40C at 75% relative humidity in a sealed
15containe¥cont&nHerd asredins olarmel Seandipredmibueriradbriindetsdeitionans atainess1 or 12,
wherein the@asay value of the linaclotide decreases by less than 10% after (a) a first 24 months of
storage of the sealed container containing a desiccant at 25C at 60% relative humidity or (b) 6 months
of 20storage of the sealed container containing a desiccant at 40C at 75% relative humidity. 21. A

phadhaceitical Thenpesitidaccortpiisinglaphaunatedicaly asenniablé cadiel inaclofide and one or
more agents,selected from (i) a cation selected from Mg2+, Cazt, Zn2+, Mn2+, K+, NC or Al3+, or (ii) a
Ctercally Pre e S e R Tl e S Ao e S
compositifhidclatiddd aSpriskm #feiidabBaPposiidn: withdit said:agdntoaten (ajadinst 18 months of
storage of hejphaymaceutical composition at 25C at 60% relative humidity in a sealed container
containing a desiccant or (b) a first 6 months of storage of the pharmaceutical composition at 40C at
75% relative humidity in a sealed container containing a desiccant, wherein said attribute is selected
from@ derseaserin 3Qhedateatisgardation 9f livasiatide.andneasieg by linaclotide content, a
decrease in.the rate of degradation of linaclot de as measured by chromatographic purity of linaclotide,
a decrease in THEAFRAHNES iERRide oxidation product relative to the amount of linaclotide, a
decrease in the amount of a linaclotide hydrolysis product relative to the amount of linaclotide, or a
decrease in the amount of a linaclotide formaldehyde imine product of linaclotide relative to the
amount of linaclotide. 22. The pharmaceutical composition according to claim 21, wherein said agent
is Mg2t, 5ca.2+, zn2+,Na. or

60



23. The pharmaceutical composition according to claim 22, wherein said Mg2+, Ca2+, Zn2+, Mn2+,
K+, NC or A13+ is provided as magnesium acetate, magnesium chloride, magnesium phosphate,
magnesium sulfate, calcium acetate, calcium chloride, calcium 10phosphate, calcium sulfate, zinc
acetate, zinc chloride, zinc phosphate, zinc sulfate, manganese acetate, manganese chloride,
mangane hosphate, manganese sulfate, potassium ace otassiym chloride, potassium
phosphatgsapotazﬁfu{rrﬁeghu ate. sodram %nc‘éf)aiﬁ%?}s%% ium Ec%%{r? cl)',“@cﬁ)"r |bnmLH|8 §§Hﬂ%¥8§’%ﬂi’ﬁm sulfate,
aluminumeecatatde dlleninseecteibfide) allinkinensphokpmateios] aludibasincatdiate phs 2t he
pharmaceutical composition according to claim 23, wherein said Me, Cal", Zn2', Mn2+, K+, Na+ or
Al3+ is provided as magnesium chloride, calcium chloride, calcium phosphate, calcium sulfate, zinc

acetate, mahgareésareited decpdiagsiupinih|bfideviwdinmehioridecon adeityincrrpoiibridde20 25. The
pharrpaceyticalco MPRRILOR:3LROFAINA A9 flalbyddswherein said agent is Mg2t, Cal or Zn2+. 26. The

pharmaceutical composition according to claim 25, wherein said Me*, Ca2+ or 25Zn2+ is provided as
magnesium chloride, calcium chloride or zinc acetate. 27. The pharmaceutical composition according

to claim 2@sovheraiisaichagedififzas inylshe TR RIAMELYHCAheAMNAs R AGEANINg Jo claim 27,
wherein said Ca2+ js provided 30as calcium chloride. 29. The pharmaceutical composition according

to claim 2ACSHHENSRIEAR] SPoh R dlerhalipHindBrRY BRHLSRF PRTFIEONSD & HaBkarmaceutical
compositigiaiackadingrtocihmos2@vherein the sterically hindered primary amine is an amino acid.
3LThe pharmaceutical composition according Co claim 30, wherein the amino acid is a
naturally-occurring amino acid. 32. The pharmaceutical composition according to claim 31, wherein
the naturdiff- ocCherimettamhiviockdia 1§ hishictieie, b ghytalaring;dilnninepghitimideacich aspartic acid,
10ulutamine, leucine, methionine, asparagine, tyrosine, threonine, isoleucine, tryptophan or valine.

33. The pharmaceutical composition according to claim 32, wherein the naturally- occurring amino acid
is histidine, phenyialanine, leucine, methionine, isoleucine, tryptophan 15or valine. 34. The

pharmacegfical ¢aRReSIlPn A6RARYNYiGIAIED 33nba&ID Jhe-NatEalin OGeHIRg R Ming.ACId is

leucine, isoleucine, alanine or methionine. 2035.The pharmaceutical composition according to claim

34, Wherd AR SR IFINSE: SHblrAkY S sy teyerivigssrisifierisdasctiiopharmaceutical
compositiyiassetsingntehsiainuiSeniirioiy epiatuallysOsIHIBEL AMpHe AGId isRugINgs25 37. The

pharmaceutical composition according to claim 30, wherein the sterically hindered primary amine is a
non-naturally occurring amino acid or an amino acid derivative. 38. The pharmaceutical composition

accordingt t@ claifhSMeivbe reintienonnaturaly Seeecosring aniaeiacid isdiammetyelohexane

carboxyli%&%' -I&np nine.or theanine, = 39..The pharmaceutical composition according to claim 29,
wherein the e‘ﬁ Ca‘lty ﬁ;&g%ﬁ%mmg to t%e §magl(§)tt TG E er.

26

163.  The method according to claim 162, wherein said coating is selected from Aquacoat,

Eudragit or Opadry.

164. The method according to any one of claims 99-163, wherein the linaciotide-coated

25 filler is mixed with one or more pharmaceuticaily acceptabie additives.

165. The method according to any one of claims 99-164, further comprising tableting or

encapsulating the linaclotide-coated filier in a tablet or capsule, respectively.

30 166. The method according to claim 165, wherein said linaclotide-coated filler is

encapsulated in a capsule.

167.  The method according to claim 166, wherein the capsule is a gelatin capsule.
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hindered primary amine has the formula., wherein Rl, R2 and R3 are independently selected from: H;
-C(0)0H; C1-C6 alkyl, optionally substituted by -CO2H, -CONH2, or a 5-10 membered aryl or
heteroaryl; CI-C6 alkoxyalkyl; or CI-C6 5thioalkoxyalkyl, wherein any of the alkyl or aryl groups above
can be singly or multiply substituted with halogen or -NH2, and provided that no more than two of Ri,
R2 and R3 are H. 40. The pharmaceutical composition according to claim 39, wherein the sterically
hindered primary amine is cyclohexylamine or 2-methylbutylamine. 10 41. The pharmaceutical
compositidr§.acddrdmgtliodciaimr @@ g whargionthe! sterically hirde ke piimary: aspiideisapalymeric amine.
42. The fj 0 ition. according to claim 41, wherein the polymeric amine 15is
chitosan%?E%ﬁ%%%n%&%%ﬁ%%%‘%position according to any one of claims 29-42, wherein said
pharmaceutical composition further comprises Mg2t, Ca2+, Zn2t, Mn2', Kt, Nat or Al3+. 20 44.The
Pharmaceryical PTRARIIORAGARNEBLIAA IR Shalietal sl MagtbRebdfiatBogL v T

Nat or Al3+ is provided as magnesium acetate, magnesium c , magnesium phosphate,
magnesifrhstffatl edicldhraedifte 230U A Hae I (e AP Has phates enffilmesulfate, zinc
acetate, zing:eliegide, zinc phosphate, zinc sulfate, manganese acetate, manganese chloride,
manganese phosphate, manganese sulfate, potassium 25 acetate, potassium chloride, potassium
phosphate, potassium sulfate, sodium acetate, sodium chloride, sodium phosphate, sodium sulfate,

aluminumaEcetalte alatdaurtchipigde cBlimisonwpbRSPBAE apslinumaWiateidsThe: e,
ph ac?%ical %génpo?; gn acE;gr(ﬁn%g) cl?im 44, wherein said Met, Ca2t, 30Zn2t Mn2t, Kt, Nat or
Al131I-is proﬁa’e ad'i g &&4 8 foFi 8?%8féﬂ5m chloride, calcium phosphate, calcium sulfate, zinc
acetate, manganese chloride, potassium chloride, sodium chloride or aluminum chloride. 46. The
pharmacgfl}ical ijon according.to any.one of claims 29-42 wherejn said 5pharmaceutical
composition'furﬁﬁg&%r?igﬁrgég%&g,aégé%ngrs%P e l}?r?ﬁne}ppaﬁraerﬁrﬁlgcegﬁ fga %%gr{l ’o%ﬁf%?ﬁ%ccording to
claim 46 bamielreyRdaimenrgPstiCn (ran2sisptodidéd esmmipghiesidypifondsstalsimsichloride or zinc
acetate. LARZ hRBAITIRGRITIGALFAMAPHNACRRLOIO0 LI 48NS/ BiRaRiflpligrmaceutical

Ing to C

composition further comprises Ca2t 49.The pharmaceutical composition accor aim 48,
whérkin SaiEEdisea1es SRSt & adeatBibisTiBRBYihe PeEesmaiE gl Arrititéabeomposition according
to any oqﬁ,@{ﬁaémﬁ;@hﬁﬁp&gmbgragmﬂgi{agaﬁy atigpdgants 12dg The pharmaceutical composition
according to claim 50, wherein said antioxidant is 20BHA, vitamin E or propyl gallate. 52. A
pharmaceutical composition comprising a pharmaceutically acceptable carrier, linaclotide, a cation
selected fldm NVig2trEaad sZnRdinklnlt]didh Nat omhadst santhaistgecalyehipdereddrmary amine. 25
53. The ph tical compositi ording tg claim 52, wherein sai 2t, Ca2., Zn2t, Mn2+, Kt,
et or A S R A R T e e
magHesium sulfate, calcium acetate, calcium chloride, calcium phosphate, calcium sulfate, zinc

acetate, 7 chigIRFICLIAMNAS AINE PHTIR.AMANGANSSE ASCIRIS Hanaapese chioride,

manganese phosphate, manganese sulfate, potassium acetate, potassiu loride, potassium
phosphaf@fitadenpredamitan SR datsts yadam chloride, sodium phosphate, sodium sulfate,
aluminum acetate, aluminum chloride, aluminum phosphate or aluminum sulfate. 54.The
pharmac%gical omposition according to claim 53, wherein said Mg2t, Ca2+, zn2+, mn2+, IC,
Na' or A13%'is Bﬁ&/ BG5S RuHRE TG iotide, "RE IR RSHEEP RIS AR ARRRIRAITum sulfate,
zin¢ acetdiepatangameipa@hippicie opeiassiumushieridassadivincbelorde mp@lyginum chloride.

175, The method according to claim 174, wherein said constipation is chronic constipation.

176, The method according to any one of claims 171-175, wherein the pharmaceutical

30 composition contains 50 pg to 1 mg linaclotide.
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SiThe pharmaceutical composition according to claim 52, wherein said cation is selected from Mg2+,
Ca2+ or Zn2+. 1056.The pharmaceutical composition according to claim 55, wherein said Mg2+, Ca2+
or Zn2 is provided as magnesium chloride, calcium chloride or zinc acetate. 57.The pharmaceutical
composition according to claim 55, wherein said cation is Ca2+. 1558.The phannaceutical
compositi?%acc%ceiig% 0 Iaagm g?, V\{he[e_in géd Ca2+ is provided as calcium chloride. 59.The
pharmaceutical Composition according 18" ; n& BT EIAiHE BEBE ISR FPTRROSHRPR 17 RiRtiered
primary affing.i§ah egnifd agid. 320: £0.5The pitamigcEifical SOIMROSON GO0 dingrieociaim 59,
wherein ttﬁga%mj%.acid is a naturally-occurring amino acid. 61. The pharmaceutical composition
according to claim 60, wherein the naturally- 25 occurring amino acid is histidine, phenylalanine,

alanine, glutamic acid, aspartic acid, glutamine, leucine, methionine, asparagine, tyrosine, threonine,

isoleucine,gypiqnban. athlenia ervaline . £7. Je.aharmAsentical comagsition acegring to claim
61, wherein the naturally- 30occurring amino acid is histi m%, p eny‘llaﬁanlne, eucine, metahlonlne,
isoleucinétfypeopha Brivale 263 FRe ik Habeetliedleomposition according to claim 62, wherein
the naturally- occurring amino acid is leucine, isoleucine, alanine or methionine. 64. The

pharmaceutical composition of claim 63, wherein the natura%—occurring amin 5acid is leucine. 65.
i

The phariiaceutiCIRERMPASENTA8LE AN GTS 4B | Whéf8irtracindhe ahpmmasaréerbrimary amine
is a non-natvpalijtioncusdRgreing asid e4iBN AnPeasididesiatieil968 he phasaasputical
composition according to claim 65, wherein the non-naturally occurring amino acid is
1-aminocyclohexane carboxylic acid, lanthanine or theanine. 67.The pharmaceutical composition
according 8 claifh&@evbit retrottia ghe dtemcElly, RBeMin 2nbipeerestarimanyoapinaibassthe formula:,
wherein R2 and R3 arg 15independently selected from: H; -C(0)0H; C1-C6 alkyl, optionally
substitute%(? gf@%‘iﬁm%gﬁ% r g‘?‘éf%%% Ymembered aryl or heteroaryl; C1-C6 alkoxyalkyl; or C1-C6
thioalkoxyalkyl, wherein any of the alkyl or aryl groups above can be singly or multiply substituted with

halogen qrziNHZ 204819y H%%Qrﬁ?ﬁgﬂ?c'[ﬁf?ﬁezﬁéﬁ%‘é/%iﬁf@ ‘p%ﬁ'ﬁ%\ﬁﬂf e o
pharmaceutical composition according to claim 67, wherein'the sterlca@/ ﬁlnopere primary amine is
cyclbhexyRifiitigsrommsthsliutylamine. 69. The pharmaceutical composition according to claim 52,
wherein the sterically hindered primary amine is a polymeric amine, 25 70. The pharmaceutical
compositiogé ac rdin%to claim 69, wherein the sterically hindered primary amine is chitosan. 71.The

pharmacedifical COMPEERIOA SRELRilfy A Bl dnE T CraifsPhaTPECFUFR composition is

administered once daily as one or two tablets or capsules.

20 183.  The method according to claim 182, wherein the pharmaceutical composition is

administered as a single tablet or capsule.

184. A composition that is at least 10%, at least 20%, at least 30%, at least 40% or at Jeast
30% by weight a hydrolysis product of linaclotide.

25
185.  The composition of claim 184 wherein the compasition is at least 60%, at least 70%

or at least 80% by weight a hydrolysis product of linaclotide.

186.  The composition of claim 185 wherein the composition is at least 90%, at least 95%

30 or at least 98% by weight a hydrolysis product of linaclotide.

187. A composition that is at least 10%, at least 20%, at least 30%, at least 40% or at least

309% by weight an oxidation product of linaclotide.
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comprising a pharmaceutically acceptable glidant, lubricant or additive that acts as both a glidant and
lubricant. 572.The pharmaceutical composition according to any one of claims 52-71 further
comprising an antioxidant. 73.The pharmaceutical composition according to claim 72, wherein said
antioxidant is BHA., vitamin E or propyl gallate. 10 74. The pharmaceutical composition according to
any one of claims 52-73, further comprising a pharmaceutically acceptable binder. 75. The
pharmaceutical composition according to claim 74 wherein the pharmaceutically 15acceptable binder
is selected§fom Potyarimyplcalcoh ok gelyy iy pyreotidohe (popidahe) zalsiar6h%malieskeXmin aF a cellulose
ether. 763&'2%5%@%"%&({9&4%%%0%% Eg{is(i}tljior} ooc{u%La(; i%SCygnggein the pharmaceutically acceptable
binder is a cellulose ether. 77 he ph rmaceutical composition of claim 76 wherein the cellulose
ether is selected from: methylcellulose, ethylcellulose, carboxymethylcellulose, hydroxyethyl cellulose,

nydroxyetiyd metRdesiiasaoRYALIPIARN fellicse At PiPRA R elilpse,2578. The

pharmaceutical composition of any of claims 52-77, further comprising a pharmaceutically acceptable
filler. 79. T8 IsAEriFcBY fesiebiom pe st AraRics e 11260078, wherein the pharmaceutically

acceptable filler is cellulose, isomalt, mannitol or dibasic calcium phosphate. 30 80. The
pharmaceutical composition of claim 79 wherein the cellulose is selected from microfine cellulose and

microcrystdiine SetRIMFOSIER Sritd S dratat e chlcsht9dsiabls ot AR ortdrarhd OB gratitstein the

pharmaceitizallywasgrpidble il comprisesrpastictasinadistgian average diameter between 150 pm
and 1000 pm. 582.The pharmaceutical composition of any of claims 52-81, wherein pharmaceutical
composition comprises a filler and the weight ratio of linaclotide to pharmaceutically acceptable filler is
between 125 arikhd 12/pH6sit83. oFhénphdfhadentioahe emppsititm aceoldingtus aire8279erein the

weight ratio f bV aBeI¥lcG do.RnAmasRIicaly aacepianis Liier i Befeen 1:100 and 1:2000. 84.
The pharmaceutical composition according’to claim 5 wherein the weight ratio of linaclotide to
pharmaceutically acceptable filler is between 1:100 and 1:1000. 1585.The pharmaceutical composition

of any of qigims FR:8ANASIEI e sieal ARG BRSSUC RS AINE Malar 3 of leucine to

linaclotide is at least 10:1. 86_.The{pharmaceut|pa! composition of claim 85 wherein the molar ratio of
leucite toialiaticE e By lesishodiermeldghyydeapsanrades aidimashntiposition of claim 86 wherein the
molar ratio of leucine to linaclotide is at least 30:1. 88. The pharmaceutical composition of any of

claims 521%; wherein the cation is Ca2+ 25and the molar ratio of Ca2+ to leucine is at least 1:1. 89.

The pharrhateuticJIEH SOSET SR R g8\ 0hariATHE HERH FSEBrERSOmRELERe is at least
1.5:1. 30 86athe@hdrmactuticengaimipgsition of claim 89 wherein the molar ratio of Ca2+ to

{(a) providing a sample of the pharmaceutical formulation comprising linaclotide;
20 (b} measuring the amount of at least one degradation product in the sample
selected from the group consisting of: an oxidation product of linaclotide, a hydrolysis
product of linaclotide and a formaldehyde imine product of linaclotide; and
(c) comparing the measured amount of the oxidation product of linaclotide, the
hydrolysis product of linaclotide and/or the formaldehyde imine product of linaclotide to a
25 reference standard amount of the oxidation product of linaclotide, the hydrolysis product of

linaclotide or the formaldehyde imine product to assess the purity of the pharmaceutical

formulation.

194. A method for identifying an impurity in a sample comprising linaclotide comprising:
30 (a) providing a reference sample comprising a reference marker and linaclotide;
(b) carrying out HPLC on the reference sample to determine the relative retention

time of the reference marker compared to linaclotide;
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leucine is at least 2:1. 91.The pharmaceutical composition according to any one of claims 52-84,
wherein the molar ratio of cation:sterically hindered primary aminedinaclotide is 40-100:20-50:1. 92The
pharmaceutical composition according to claim 91, wherein the cation is Ca2+ and 5the sterically
hindered primary amine is leucine. 91The pharmaceutical composition according to claim 92, wherein

the molar ratio of Ca2sieucine:lin tide is.100:30:1, 80:40:1, 80:3Q: :20:1, 60:30:1, 60:20:1,
50301 50201 F0i20 0 SRS bl SR AESET e Y B DL e e
compositimﬁaa“tzccptdin@omtimﬁpf a8, ivmlper.éj.ncmagmlhtora'ti@ctjft'@@;%:1eucine:|ir_1ac|otide is_ 60:3051. 95.
The pharmaceufigal COEB%%%&S?Q&&?&E%‘& %%Pﬁn%&ﬂfé&m%&% DAPIREAS dRlgprovided as

CaCl2. 96. A unit'dosage formcomprising the pharmaceutical composition according to any one of
claims 92105 e2g9tVEHaIHip e b5y efo b sicebrtin grec sREnmgemivheTein daetifipdirelbstigeform
compsisespR-RY 4 I inagigtide.  98. The unit dosage form according to claim 97, wherein each
unit dosage form is a capsule or tablet, and wherein said unit dosage form comprises 67.5 jig, 100 jig,
133 jig, 150 25jig",h2m"pig? 6 pRECIDT KRG 40t p Y BO® Hiy SFBO0piRiae 6tide 009a%method for
preparingRqaial Brageulital-campasiion sRImRHSINGJnRasatide ofamaldheteah;hemathods

comprising};g(a)p_roviding an aqueous solution comprising: 30(i)linaclotide or a pharmaceutically
acceptabl E10%Ereof (i) one or more of a cation selected from Mg2t, Ca2+, Zn2+, Mn2+, Kt,
Nlor A13* or a sterically hindered primary amine; and, (ii) optionally, a pharmaceutically

acceptable binder; a applying the agueous solutian to a pharmaceutically acceptable filler to
genérraate ﬁrg]%‘clo?i\drél-egg%%gérfﬁ%%/W%’é’.gﬁgeamm&ﬁ% of ctaim 99, é?‘e‘?ﬁ’ﬁq@éﬁ%%ﬁé% comprises a

sterically bemefergdgSprimary amine. 101. The method of claim 99, wherein said Mg2+,ac 2+, zn2+,

mn2+, K NC or 13 s, igidad s agnesiuy Aseiale. WA0Resivi Aofidsmagaesium phosphate,

magnesium sulfate, calciunTacetate, calcium ¢ e, calcium phosphate, ca cmm%ul’fate, zinc
acetate, 10zinc EMorideutiiseipthbsghnadotilecssmipigac MBh&anese acetate, manganese chloride,

manganese phogghate eaRIapase sifaltn PatRssiipracaiatecNRIasIum; HaIPHLE Retassium

phosphate, potassium sulfate, sodium acetate, sodium chloride, sodium phosphate, sodium sulfate,
alundmum@BBEte, aluminum chloride, aluminum phosphate or aluminum sulfate. 15102. The method

of claim 101, wheein saigidgal £ma2edintigMi2lidtloNatiopAd RS pnvidevatmmagnesium
chloride, ca#cium cfglog’dg,ﬂ calcium phosphate, calcium sulfate, zinc acetate, manganese chloride,
potassiun'rlecﬁrl%“r?ﬁég,asnoafum chloride or aluminum chloride. 103. The method of claim 99, wherein said
cation is selectettfromdvig@atin€ aRt on@m26Y the impurity in the linaclotide sample based on the
results of step (c) and (d);
20 wherein the reference sample is selected from the group consisting of an oxidation
product of linaclotide; a hydrolysis product of linaclotide or a formaldehyde imine product of

linaclotide.

196. A method for determining the amount of an impurity in a sample of linaclotide
25  comprising:
(a) providing a sample of linaclotide containing an unknown concentration of the
impurity;
{b} providing a sample of a known concentration of the impurity;
(<) subjecting at least a portion of the linaclotide sample and at least a portion of
30  the impurity sample to HPLC;
{d) measuring the area of the impurity peaks obtained from the linaclotide sample

and the impurity sample; and



104. The method of claim 103, wherein said Mg2+, Ca2t or Zn is provided as magnesium chloride,
calcium chloride or zinc acetate. 105. The method of claim 103, wherein said cation is Ca2t. 25 106.
The method of claim 105, wh em aid Ca2+is provided as calcium chloride. 107. The method of claim
99, wherein the ster cally hindered primary amine is an amino acid. 30 108. The method of claim 107,
wherein the aming, acid is a,naturally-occurring.ammo acid. 109. The method.of claim 108, wherein
the naturally-occrelJ%)ring garﬁnqﬁr]}g%lé&eﬁyﬁsot? fn%%sﬁgrrfﬁgln e, a gﬁﬁg%ﬁ%ﬂﬁ%&%ﬁ%’%ﬁ?ic acid,
glutamineneseiseranietfiowm&asparagine, tyrosine, threonine, isoleucine, tryptophan, methionine or

valine. 5110. The melhiadohaiaiii0%uhersiBahno Bl essiiop arane.ac slistdipe

phenyialanine, leucine, methioning, isoleucine, tryptophan or valine. 111. The method Of claim 110,
wherein tHEFARGERI BEGIHTRG RivfHe abidnesletidine, ddotaudisbydtaniine oradiethidnine. 112. The
methad ofiglaim;Lil, wherein the naturally-occurring amino acid is leucine. 113. The method of
claim 99, wherein the sterically hindered primary amine is a non-naturally occurring amino acid or an
amino acid derivative. 114. The method of claim 113, wherein the non-naturally occurring amino acid

is 1- aminggyclomaxanersadeanyliccasigolanshaniaedaitheaninge dl8aitheimethod;of ClamR9, wherein
the sterically hindered primary amine has the R2 . NH2 20formula;, wherein 121, R2 and R3 are
independé’ﬁf\f[ Qitek Qép‘i'r?ﬁﬁc.’ g f(f'(’o‘)ﬁﬁ‘?'@i%él%fﬁ%ﬂ?oﬁi%%lg%awﬁﬁ?éd%VWW%ONHz, ora
5-10 membevediaryb anyeterobridisl IC6, atkoxyalkylierdid 16/ drioalicopesdiky hwhesein any of the alkyl
or a% gr%%%tabov can be singly or multiply substituted with halogen or -NH2, and provided that no

more than two of R , R2and R3 are H. 25 116. The method of claim 115, wherein the sterically

hindered primary &ivihya-SwyGahdyylQyene - 2spatrodiayiaime:-Gly-Lhé- Tiheapethod of claim 99,
wherein the sterically hindéred-primarndamineds-g polymeric 30amine. 118. The method of claim
117, wherein the steriery‘thr&Té‘d prifnary amine is chitosar 1109. Td1e method according to
claims 99-118, wherein the aqueous solution further 5comprisés an antioxidant. 120. The method of
claim 119:ovieisin lsaidhantioxishaniighs tiniirt b, tvitaaninzhpsomd Badlate;cascorbic acid and salts or
esters thereof, tocopherol and esters thereof, alpha-lipoic acid or beta-carotene. 10 121. The method
of claim 99, wherein the aqueous solution comprises both the cation selected from Mg2t, Ca2t, Zn2t,
Mn2t, Kt, Nigt or Bk3trauml dbersteticatipdinderedipdmagy famine. hla2ofbenmathoddaictaim 121,
wheygin sgid Mgy, Gkl %E@gﬂ%?asfs&s e-;&é%u%{aé LIS Rrayidegbag ma “;%Sc'}#?‘s%%%%te’ magnesium
chloride, magnesium phosphaté, magnesium sul?atg, calcium acetate; calctum chiori e, calcium
phosphaté, Caleluve il stanparrd de dratecighicof fisrideckindephosphate, zinc sulfate, manganese
acetate, manganese chloride, manganese phosphate, manganese sulfate, potassium acetate,
potassium chloride, potassium 20phosphate, potassium sulfate, sodium acetate, sodium chloride,
sodium pHAEphate'SHTMSHISRE CARRANMLAR Atetdrs 2ar frmmun serledisetaitenrnsnBnasphate or
‘aluminunelaitfaes, «h22inthe MatbRdiopebaie: L3pwharrin saif MoRth FaddnatidnataKt, Nat or

Al34.is ided as magnesium chlgride, .calci c.Io%‘de,, calcium phosphate, calcium sulfate, zinc
25a§gtatg,{‘%g’1e8§r\ree§ &%?grl%aé‘",e%%’[gé it fgjr%%,‘% {tUtihloride or aluminum chloride.

200.  The pharmaceutical composition according to any one of claims I, 2, 15 or 21-95, the
unit dosage form according to any one of claims 3, 4, 16 or 96-98, or the sealed container
according to any one of claims 5, 6, 17 or 238, wherein a formaldehyde imine product having
25  astructure of
H,C==Cys-Cys-Glu-Tyr-Cys-Cys-Asn-Pro-Ala-Cys-Thr-Gly-Cys-Tyr-OH

K Fs-s
S-8 S-5

comprises less than 2% by weight compared to the weight of the linaclotide.
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124. The method of claim 121, wherein said cation is selected from Me, Ca2t or Zn 125. The
method of claim 124, wherein said Mg2t, Ca2+ or Zn2t is provided as magnesium 30chloride, calcium
chloride or zinc acetate. 126. The method of claim 124, wherein said cation is Ca2t. 127. The method
of claim 126, wherein said CaZ2'is provided as calcium chloride. 128. The method of claim 121,
wherein t%lsteriﬁ?ll hhinderec{zl.griimar amine is ar% aming acid. 5 129. The method of claim 128,
wherein the amind 2Ed R R BCEIh g BT ERIET™ PBEFAFCATANYG B QLIREL99, wherein
the naturallysocxilirringeeinide dorchigdalstitneipheoylaioaingy alanse tigintkihlsyacidgtaspasic acid,
glutamine, leuging, methionine, 10asparagine, tyrosine, threonine, isoleucine, tryptophan, methionine
or valine. ﬂl%l&%eg&%ﬁ'ﬁ%ﬂ 8?%1%%%%? (.’)% W‘ﬁ%ié{l%iig%g?ﬁéﬂ{);%tzcurring amino acid is histidine,
phenylalanine, leucine, methionine, isoleucine, tryptophan or valine. 15132. The method of claim 131,
wherein t atu = ing: amj id.is.leyci isaleucine, i r methionine. 133. The
methad of Gaim 135 e R oA B A R ot o
claim 121¢kReteih nesienbaigrmpdersdeprimarpradvicie osarinon lerathral ). bchirrvrigindno acid or an
amino acigderuatiss 35w das methaskelsim, Lk whersin theqen-naturally occurring amino acid
is 1- aminocyclohexane carboxylic acid, lanthanine or theanine. 25 136. The method of claim 121,
wherein the sterically hindered primary amine has the Fi2 NH2 formula., wherein R, R2 and R3 are
independently setectddrfranuticaCipblitol -G8 alkyk eptionaly suhstifytedhby 56025 @RNH2, or a
5-10, membered aryl or heteroaryl; C1-C6 alkoxyalkyl; or C1-C6 thioalkoxyalkyl, wherein any of the
alkyllénr art™t %‘ﬁlﬁg ERB\AS TS lg%tgiﬁ&?ilogf; ﬁﬁﬁ{ﬁﬂ gsbﬁ‘sﬂﬁfﬁc?g\?ﬁﬁ’ﬁéfgﬁéﬁa -NE2U2Hd provided
that no merectdany twerof drk & 2lanck B36ang b 238 13Ferkheartietokdidd clainibaprvdierdinving sterically
hindered primary amine is 5eyel xylamine or 2-methylhutylamine. 138. The method of claim 121,
wherein tr%emgt%ﬁ%a I)‘}v ﬁll#l e?‘@éggg?rgg}r%/n Fhﬁ%se??ésa‘%%ﬁ%g’ cx‘ffI nte‘?omaéggﬁégm“éﬁ%é %f?claim 138,
wherein tifee $tegidetiigehindered primary amine is chitosan. 140. The method according to claims 2 40,
wherein the aqueous solution further comprises an antioxidant. 15141. The method of claim 140,
wherein said antioxidant is BHA, BHT, vitamin E, propyl gallate, ascorbic acid and salts or esters
theréof, toCBphetbr MharBesEigbrestPeipiva ivbidasigcopuater sorlsd prantaing arperdirgliod of claim

141 whereigigheoantioxidanis Blade dddaidiereathodafpnyoes of £lains, 9%didR, wherein the
binder is present @&% selected from po%\:inyl alcohol '[g‘%f(vm Ipyrrolidone (povidone). a starch,
I

maltodextfirt 61°% IBE & BB CUBRA A T D THETHEY Of 249494%herein the pharmaceutically

acceptable binder is a cellulose ether. 145. The method of claim 144 wherein the cellulose ether is

selected f : hylcellulose.. ethylcellulose, carboxymethylcellulose, hydroxyethyl cellulose,
Somcroxe Oy R N S e e S TS 146, The
metRBd oflany gk whetaimtbOinids:idderain idrerfittidnis setected feemicelilbgdyisesngit,anannitol or

dibasic calgimPRAFPRA P weight compared to the weight of the linaclotide.

206. A pharmaceutical composition comprising linaclotide and a pharmaceu&iéally
acceptable excipient, wherein the chromatographic purity of the linaclotide is greater than or

25 equal to 90% after (a) 18 months of storage of the pharmaceutical composition at 25°C at
60% relative humidity in a sealed container containing a desiccant or (b} 6 months of storage
of the pharmaceutical composition at 40°C at 75% relative humidity in a sealed container

containing a desiccant.

30 207. The pharmaceutical composition according to claim 206, wherein the
chromatographic purity of the linaclotide is greater than or equal to 91%, 92%, 93%, 94%,
95% or 96% after (a) 18 months of storage of the pharmaceutical composition at 25°C at 60%

relative humidity in a sealed container containing a desiccant or (b) 6 months of storage of
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147. The method of claim 146, wherein the filler is microfine cellulose or microcrystallin cellulose 5148.
The method of any one of claims 99-147, wherein the aqueous solution is applied to the filler by
spraying. 149. The method of any one of claims 99-147, wherein the aqueous solution is applied to
the filler by mixing. 10 150. The method of any one of claims 99-149, wherein the weight ratio of
naclotide &?ephqrm@acegga all accetptatz)llie‘g{)ij,lgr its7l§ fween 1:100. nd.1:2500. 4 el The method
according 16 RIAm STE0- Rhet BRI R Algit raflo ofhEaonad {8 EHE A SO S ceptable filler is
between tohdfiramegl 2148001 52. The method according to any one of claims 121-151, wherein the
molar ratio of cation:sterically hindered primary amine:linaclotide is 40-100:20-30:1. 20153. The
method according to claim 152, wherein the cation is Ca2+. 154. The method according to claim 152
wherein tRE%terisaity: Hirrderdarpripharghaminecis ikl cinep25165¢ Fhe methoddetdeding o claim 152,
wherein the cation.is.Ga RO SISHealy Nindered primany, §c'§98&(§s%fqngﬁﬁgcmalﬁf ratio of
Ca2+:1eucine:linaclotide is 100:30:1, 80:40:1, 80:30:1, 80:20:1,760:30:1, 60:20:1, 50:30:1, 50:20:1,
40:20:1, 2b&Feter than greaglso15gFmaler (3ph%EonHE MetRtdaetirlimy retamiorssaidiiétein the
molar ratig @b ahieb GinaiingclPlidenis 6 BQiker dinfaitirg MaLhAd,: igChigmanypne of claims

152-156, wherein the pharmaceutically acceptable filler is selected from cellulose, isomalt, mannitol or
dibasic calasF Shdruteosaes st hEiAb A 4k Epltiing hareidiin B8 AclR AOMANE bharmaceutically
acceptablefilleniiseaieiodie. cellulose or microcrystalline cellulose. 159. The method according to
any ¢1e of claims 152-158, wherein the pharmaceutically acceptable binder is polyvinyl alcohol,

poly€ nylpyrrolidone (povidone), a starch, maltodextrin or a cellulose ether. 10 160. The method of
claim 15926fhereiihdhsipharme temticallyrdiogaptablenitgierlisraisalie ldseiharaphi6 pudiheofmethod

accordin clai 0. ein.the phar ' t inder _15is methylcellulose,
ethylcell&gggﬁ%%%%ﬁn %ﬁé&%\oﬁee%}%%%%%?ﬁmgg% r%%y%ﬁjr%%mae ﬁ§¥giﬁl%jose,
hydroxypropyihseifufiesezant thy drokgpregsyiametidy3S&ioge? tdatiErmmiditioth aceskedng to any one of

claims 99:4fxk;heseinfie MeLtpEdhencomprifes(QhrRRANg ARG o A inagaide-coated

filler. 20 163. The method according to claim 162, wherein said coating is selected from Aquacoat,
Eudtdgit dPBpelaiye humigdity tha SrHCAHRESIHAR 4 B2 S58IGRElaims 99-163, wherein the
linaclotide-coated 25filler is mixed with one or more pharmaceutically acceptable additives. 165. The
method ag rding to aqy one, of claims 99-164, further comprising tableting or encapsulating the

linaclotide-toated HifsF S ABREEPEIpLne PREALRHYRN StPEsT e hrdthBRREEE6R g o claim 165,
wherein saichfinaciotidespoaied file kndapsdlatgthimaceasiile atGprahe andfhiad ateesdingeto claim
166, wherein the capsule is . latin.capsule. .168. The method according to e of claims
o167 G R R e A B AR o
acca@ftlingfoioraign al68e wihdreirreaoiecapsaleing taldetcontatids sapal &7 piye T0pl 63 pig, 150

Pig, 200 ngy g6R-RIAs FPQRike ARG PAOBH A EOQ RAHIACIONAG cony & HoENE FRBINOA AECONING tO
claim 169, wherein each capsule or tablet contains 67.5 10133 pg, 150 pig, 266 pg or 300 pg

linaclotigdumidity.

211.  The sealed container according to claim 210, wherein the chromatographic purity of
25  the hinaclotide is greater than or equal to 91%, 92%, 93%, 94%, 95% or 96% after (a) 18

months of storage of the sealed container containing a desiccant at 25°C at 60% relative

humidity or (b} 6 months of storage of the sealed container containing a desiccant at 40°C at

75% relative humidity.

30 212. A pharmaceutical composition comprising linaclotide and a pharmaceutically
acceptable excipient, wherein the assay value for linaclotide determined on a weight/weight
basis is greater than or equal to 90% after (2} 18 months of storage of the pharmaceutical

composition at 25°C at 60% relative humidity in a sealed container containing a desiccant or
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171. A method for treating a patient suffering from impaired intestinal motility, irritable bowel
syndrome, constipation, pain associated with constipation, dyspepsia, gastroparesis, chronic intestinal
pseudo obstruction, Crohn's disease, ulcerative colitis, or inflammatory 15bowel disease, comprising
administering to the patient an effective amount of the pharmaceutical composition according to any
one of clajms. 1-98, 172. The method accordin claim 171, wherein saig irritable bowel syndrome is
Constipat A D P T B L0 17
The methothacsisrtiogttonctaionidif@pgvhéssiresaid irritable bowel syndrome is constipation-predominant
irritable bowel syndrome. 174. The method according to claim 171, wherein said constipation is
chronic constipation, 25idiopathic constipation, post-operative ileus, or constipation caused by opiate
use.  1¥5. Theiebaotaseedrelingriociaio 17 dheteinaid tdnstigatiolisierroriduofstipation.
176. The methadiacsording.te-amnone pheldinsl 64 7 wheraining phaimaes wieal 30composition

contains 50 pg to 1 mg linaclotide. 177. The method according to claim 176, wherein the

pharmacelit 6&%6#?2)3&%‘?‘86!9{&%%359 Pdheemhspg At s orsR e 50254 2069%. 266 pg, 300 pg,
400 pg, Se-pg-anhRaingiinaciobidesdid: Ihematbadiassersting do elaibndd brubeiginthe
pharmaceg%ic I comgosition contains 67.5 rp(g, 13%pg, 150 pg, 266 pg or 300 pg linaclotide. 179. The
method alEoRAATE 16" AHFAbRUBIEHRRE LS 767 Whérkaihe BHAIhHER oFRISH EORTBBSHion is
administeceat@ntg daidyichaiee daily, three times daily or four times daily. 10 180. The method
accqrdjing to claim 179, wherein the pharmaceutical composition is administered once daily or twice
daily.” 181. The method according to claim 180, wherein the pharmaceutical composition is
15adminigteted 6noetdaiyge18an The phathiedeatcalrdimgpte icleimobkjwhe feiacthedshaxdnaceutical
ComposTMkImANIIRIORAANAS AR A OUMOLIN B ARG B CPRRYIER1 A0 e L M

according to claim 182, wherein the pharmaceutical compasition is administered as a single tablet or
capsule. BoMeriEOHspRIsiaTstHaar et IBaR 10992kt 888 20en(atlBammBloef atdeestofobs or at least

50% by wgighiR:BydrolysisBredii @il inaglaliten el 13% he ompositioneficiaim 184 wherein the

composition is at least 60%, at least 70% or at least 80% by weight a hydrolysis product of linaclotide.
186 The BBWHHLIBbMA P SRaRPe 85 SiTaseirf the wRitisantl?ie at fast 809 delaay bswdbor at least
98% by weightadayshabisis praduchellniacleligle. 187. A composition that is at least 10%, at least
20%, at least 30%, at least 40% or at least 50% by weight an oxidation product of linaclotide. 188.
The composition of claim 187 wherein the composition at least 60%, at least 70% or at least 80% by
weight an2éfidafitee prodisstgd fmachetidelifd 80ciiine Tompbsitiontef clamviRe fdadiein the composition
is at least;9Q% I %,Qr.at | 989 ight an oxidati f linaclotide, 190.A
compositi%?rxlgﬁ%ﬁg g%%éeggﬂ%%ﬁ%gg : zatlst?gz%/%/%yaé{ﬁl%l}égtg %OO%%?’[ ea%’tB O%L%}rc%ﬁeg%s? %tg%%(}by weight a
formildeiyise (milerpeodsct oldnage lotide 1 dosaeTheraorh po¥itiorbofcteirt koo widrgin the

compositignigidbiaaskPOd.alileAshdQ2e-0r ot (EPELANNR LY WRIdbL Bramaldelvgs. ming product of

linaclotide. _ 192. The composition of claim 191 wherein the composition is at least 90%, at least
95% 15018t fedst TBI6 BN SRR YIRA SRR O RINGE (PEaIRE S HsaiCie. 193. A method for

assessing the purity of a pharmaceutical formulation comprising linaclotide, the method comprising: (a)

providing a sample of the pharmaceutical formulation comprjsing linaclotide; 20 (b) measuring the
amount ofl a%”lea%‘t%ﬁ% d%c&tgﬂjgﬁgﬁ’ﬂ?géﬁ&%ﬂ?%}é{grﬂ 'géifés@%ogf’r‘mﬁ? 8 YBUREBHEing of: an

oxidation grogusitiohlinaglatioe, iy droky sigiprobacsaklinadigtide oz tannaddewde-imihe product of

”naCIOtid%;s&@fdvaiue for linaclotide in the unit dosage forms determined on a weight/weight basis is
greater than or equal to 90% after (a) 18 months of storage of the sealed container containing
a desiccant at 25°C at 60% relative humidity or (b) 6 months of storage the sealed container
containing a desiccant at 40°C at 75% relative humidity.

30
217.  The sealed container according to claim 216, wherein the assay value for the
linaclotide is greater than or equal to 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99%

after (a) 18 months of storage the sealed container containing a desiccant at 25°C at 60%
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(c) comparing the measured amount of the oxidation product of linaclotide, the hydrolysis product of
linaclotide and/or the formaldehyde imine product of linaclotide to a 25reference standard amount of
the oxidation product of linaclotide, the hydrolysis product of linaclotide or the formaldehyde imine
product to assess the purity of the pharmaceutical formulation.  194. A method for identifying an
impurity in @ sample camprisjng linaclotide comprising: 30(a)praviding a reference sample comprising
a referenciégr&ﬁgr e"rl%ﬁ%q'iﬁéﬁj&t% ontas ?Eftc?é?gﬁiﬁbe63?5%051%%%@?&@%&%%‘?6{8 o determine
the relativeQdienticfi-timaioé themdference marker compared to linaclotide; (c) carrying out HPLC
on the sample comprising linaclotide to determine the relative retention time of the impurity compared
to linaclotide; (d) comparing the relative retention times determined in steps (b) and (c); where, if
the relativé rdtentivhuivhdssage Substantialiysthe sames teimpu6ifid(dentifidcl4s treing the 5same as
(he rerereaeRmBtilner WREIRINNRY SIB'SNGEMAELIT Plonled [MHNegionp gapsisting of an

oxidation product of linaclotide; a hydrdlysis product of linaclotide or a forma yde imine product of
linaclotidedaBLOS R ety ferraSkonniningndinzasiotide.of an impurity in a sample of linaclotide
comprising: (a) adding a known amount of a reference sample to the linaclotide sample; (b)
subjecting_the linaclotide sample to HPLC; (c) identifying and measuring the area of an HPLC peak

associated With thee 18 fRsege form ontaisala paninm essding teeaima2df anharincepenk
associatedmtidvthgerafenenetsiantards, 100 (63, aaTWating e asequntekipe, wopyityainothe linaclotide
sample based on t% esults of step (c) and (d); 20wherein the reference sample is selected from the
grou?) cor?gg]ti%odf g}é Bﬁlihg%ﬁt duct of linaclotide; a hydrolysis product of linaclotide or a
formaldehyde imine product of linaclotide. 196. A method for determining the amount of an impurity
in a sample, of naglotide 25comprising: ... (a) providing a sample of linaglotide containing an
unknown (%ﬁ'cer?lt%aet cgr?%? %"’é“'?’r%gﬁﬁ y?esmg({b %:%\{/ffgﬁlggoae%%r%%g%?rg %r%v%’ﬁ %Og’m‘:‘é% lFéft'igotﬁeof the
impurity; chrofo}teghipoimyatychtta perisniofsizecitachetidt) $asfiptd @rd atdedstd gortign of 30the
mpurtty SRl R RGiical cAMbBRANKINS foc,eRs LINR InBHINPaRKS AN STaIm the
linaclotide sample and the impurity sample; and (e)calculating the amount of the impurity in the
linacldtidec8ApIBSALSeUEH RS b sinatterftstoragepl (@) Pharmageatisiel asanprpltnyas4Ected from
the group gorsistingiof anadaation seaduct atlinaciotide: ahyelrglysis product of linaclotide or a
formaldehyde imine product of 5linaclotide. 197. The pharmaceutical composition according to any
one of claims 1, 2, 15 or 21-95, the unit dosage form according to any one of claims 3, 4, 16 or 96-98,
or the seated.containei:acasdingriosanyding of GlainstziHmi P8 238)avhaeesmattsydrolysis product
having a 10Qstructure of.H-Cys-Cys-Glu-Tyr-Cys-Cys-Asp-Pro-Ala-Cys-Thr-Gly-Cys-Tyr-OH 1' S S s s
comprisesC egrsmtlﬁ%a C}%CB)}}I %%@ﬁ?’gﬁ%gﬁ)gg %6Stﬁ%é%%ié%1 "o Ot%earfr‘? giﬁ‘&# éen.lé{“g%f Sym’age

20 of the unit dosage form at 25°C at 60% relative humidity in a sealed container containing a

desiccant or (b) 6 months of storage of the unit dosage form at 40°C at 75% relative humidity

in a sealed container containing a desiccant.

222.  The sealed container according to either of claims 210 or 211, wherein the

25 chromatographic purity of the linaclotide is greater than 90% after (a) a first 24 months of
storage of the sealed container containing a desiccant at 25°C at 60% relative humidity or (b)
a first 6 months of storage of the sealed container containing a desiccant at 40°C at 75%

relative hurnidity.
30 223.  The pharmaceutical composition according to either of claims 212 or 213, wherein the

assay value of the linaclotide is greater than 90% after (a) a first 24 months of storage of the

pharmaceutical composition at 25°C at 60% relative humidity in 2 sealed container
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198. The pharmaceutical composition, unit dosage form or sealed container according to 15claim 197,
wherein the hydrolysis product comprises less than 1% by weight or less than 0.5% by weight
compared to the weight of the linaclotide.  199. The pharmaceutical composition, unit dosage form or
sealed container according to claim 198, wherein the hydrolysis product comprises less than 0.1% by
weight or !:e%%th%n g%g?%%tb \g) ig?t %Oénnpargd tg the weight of the Iinacloti(ee. 200. The
pharmaceltical CompoSiion according to any ohe B E15Rs] the ArgpassugsatsaRes ishgje form
according4®’@ny ‘tife cliaiambed;diiyl6 os&0e88poriiher sealgdiagntaiecascording to any one of
claims 5, 6, 17 or 238, wherein a formaldehyde imine product having 25a structure of
H2C=---Cys-Cys-Glu-Tyr-Cys-Cys-Asn-Pro-Ala-Cys-Thr-Gly-Cys-Tyr-OH IS S S S comprises less than
2% by wergtt cosaiitidostge inaightotdiee linadivtide.cl20ds Thegplafmabeuticdicamposition, unit
dosage Toyn @ eplathSABIRIBR! AEEIING el 290 Whierein g foupaidehyde yning, product
comprises less than 1% by weight or less than 0.5% by weight compared to thé weight of the
linaclotidelasoeivme $RarmatE0fcrd evabosHidny imitwelsdgeTaintOrsEaieEcottsirrantecording to
claim 201pyhersisthedernalidshydeiminenradugtcomprsestess 15an QA% B WRight oy less than
0.05% by weight compared to the weight of the linaclotide. 203. The pharmaceutical composition
according*f3'EhG OIS CROIKEHES dR8IEBY 95 the 10unit dosage form according to any one of
claims 3, 4, 16 or 96-98, or the sealed container according to any one of claims 5, 6, 17 or 238,
Wheﬁin azligaclﬁq?de ogi%;a\tion Product having a. molecular weight of 1542.8 comprises less than 2% by
weight copared 15 s SR BFRE RAGR & A 254 /2HR8 %?%?Wed‘fﬂ?é?%ﬁf’p%?ﬁ%ﬁ?ﬂﬁit dosage
form or sedléd toathities acpentding:to BlEMRa3 avhErein4hsohniactdtide pxidationsgirduct comprises

less than 1% ight.or less, than 0.59 weight compared to.the weight of the linaclotide. 205.
The pharn%%%é%ﬁ#gg%%%ﬁggs%%ﬁ3(:5%?{; 3@%%%@%0?%%5@5“(%@? n%rgéggéﬁfngrﬁ? élgfm 204,
wherein th&Thtabites ealrfetiviieproduat vomprsisifesstttatd IG5 Fewaightedriesditihan 0.05% by
weight compared to the weight of the linaclotide. 206. A pharmaceutical composition comprising
linaclotide and a pharmaceutically acceptable excipient, wherein the chromatographic purity of the
linadiotide’fCgre ’E’@rﬁ’f‘ﬁﬁ‘%ﬁe%@%ﬁf&f‘fﬁoéé%nﬁé%ﬁ?&@mhﬂ% of driray206f 368 phadhdbeutical
compositigiiedodbse aira0%ctatBlYeNMINGILY HharserR)ehooriaing! SoRtaiRinhadgsiseant or (b) 6
months of storage of the pharmaceutical composition at 40C at 75% relative humidity in a sealed
container%&ﬂf@i g gnéfé%ﬁ&frgf WO FAL Yrem AOSTRIEAD RETISERBI SRS W claim 206,
wherein thewhremétographic purity of the linaclotide is greater than or equal to 91%, 92%, 93%, 94%,
95% or 96% after (a).18 ongs CAI stora gzof the pharmaceutical compasition at 25C at 60% relative
humidity in a seal %5?& e Ui 'P@g’ KESIERhIBAB) e RS 61 eY5rAYE S the pharmaceutical
composition at 40C at 75% rel Ve humidit |§“é§€é1’é‘d’"‘t"(:om;1iner contairjing a desiccant. 208. A unit
dosage form of a pharmaceutical composttion-eomprising [Ratloti 5pharmaceutically
acceptable excipient, wherein the chromatographic purity of the linaclotide is greater than or equal to
909 After CH B FhiHiHEBY %?65%\’9‘@66311?1%0%?8&3 8ol slee Lipagioridsiative humidity in a sealed
container containing a desiccant or (b) 6 months of storage of the unit dosage form at 40C at 75%
relative h 'dityljglea §ealgdegtoggf¢(ijr{1)er corztainin taﬂ“c}jesicg;ant. 10 210 . The_ unit dos%ege form according
to claim 208, wherein the chromatographic purty's ﬁ?@ﬁiﬁé@éﬁ&%ﬁ%%ﬁ{%‘ﬁﬁé‘ﬁcﬁ 884Pto 91%,
92%. 93%! 0% @59 corid 86 mftkolim)s18 edoctthsnfriter&ge ththEubit desagefornm tina5C at 60%
relative hg@iﬂi% i@é@@%@%g&r&t%qﬁg ggrirgg.[r})ipg)glgn%;% gnt or (b) 6 months of storage of the unit
75% relative humid e

dosage form at 40C at 15 ity in a sealed container containing a desiccant. 210. A

sealetl container comprising a plurality of unit dosage forms of a pharmaceutical composition
comprisingpinaclpiidgrand R RREMasssicall ancaRiabie expivientnpersiniie shrgmategraphic purity
of the linaclotide is greater than or equal to 90% after (a) 18 months 20 of storage of the sealed
container CBMdining AeHRIR M sE P arcramEvesHEm B B hPs HeismSkstdhage of the
sealed cantaintes\canighhingrmpdesicoaatvadidRGathédfmealatye humidity. 211. The sealed container
according to claim 210, wherein the chromatographic purity of

30 229. The pharmaceutical composition according to any one of claims 206, 207 or 223, the

unit dosage form according to any one of claims 208, 209 or 224, or the sealed container
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25the linaclotide is greater than or equal to 91%, 92%, 93%, 94%, 95% or 96% after (a) 18 months of
storage of the sealed container containing a desiccant at 25C at 60% relative humidity or (b) 6 months
of storage of the sealed container containing a desiccant at 40C at 75% relative humidity. 30212. A
pharmaceutical composition comprising linaclotide and a pharmaceutically acceptable excipient,
wherein the assay value for linaclotide determined on a weight/weight basis is greater than or equal to
90% afterafﬁfﬁ%"ébon?ﬁg, %'?es?gf YB3 e DHaPhrizce HIEAF BB@??%W&?GZS@“&PEG%%Iaﬂve humidity
in a sealekheonptainerccastaining a desiccant or (b) 6 months of storage of the pharmaceutical
composition at 4 &T]W@LéS% elative humidity [n a sealed container containing a desiccant. 213. The
pharmaceutical'copo ﬁ{ %’@Mfﬁﬂt@ﬁé@%ﬁ?ﬁ@?@'ﬁ“ﬁ@é@%@%@ﬁgﬁﬁﬁgIinaclotide is
greater than or equal to 91%, 4, 33%, W#@W@%W@T%“ 98% or 99% after (a) 18 months of
storage of the pharmaceutical compgsitiot &Bive tehity-h a sealed container
containing a desiccant or (b) 6 months of storage of the pharmaceutical composition at 40C at 75%
relative hGRRER;5HIsssEHBd EontaREE6PRIATRE '8 Hisndaahk of thedinpciotight dosage form of a
pharmaceutical composition comprising linaclotide and a pharmaceutically acceptable excipient,
wherein the assay value for linaclotide determined on a weight/weight basis is greater than or equal to
90% afterzg% %%%W%?&F&bé‘)&rﬂﬁ%‘mt WYL 4gReesior R Isealedaoni¥ap s HAIRERS) in a sealed
containercatantaipdn g helbal asidoanidekbibimprtho ohatosageiak thesunindosagefeini air40G at 75%
relative h&ryiddtg%ba %%?'%d container containi esiccant.. 215. The unit dosage form according to
claim 214, Wherein th

a
ea s%lf/a\r/n AS 90 RE A oﬁge Fshélfié:gf% than or equal to 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98% or 99% 20 after (a) 18 months of storage of the unit dosage form at 25C at 60%
relatiye hymidity i taining. iccant or (b),6 .months of storage of the unit
dosane fom oL Ao B e L T O o RS SRR 276, A
sealed coftdihé? GoMisrrRNG e provaisr piaimttopegedoermpobes perariecedticaly 25igbhposition
comprisinginAgialids:apy AblaTBaRaHISAacepiRbIGRXGiRigRkuherein the assay value for
linaclotide in the unit dosage forms determined on a weight/weight basis is greater than or equal to
90% after (a) 18 months of storage of the sealed container containing a desiccant at 25C at 60%
relative hppaidityrae gafmneothsidbostprRasinasaalad opaner SaNianinga sesicea aL40C at 75%
relaﬁige humi%itg. 30f 217. Th%.sealed _contai/r}e accorgéng to claim 216, wherein the assay value for
the liRaclofide 18 §e el FaH SPrefuATYPBI o G5 65007 GUdh 26hoRr Uiseis AP EoB8incsr 99% after (a)
18 months:cirsiopagethieseafethcontbdine? idontairing e desiciantlati 256k Al260%mpralative humidity or
(b) 6 mo iner containing .a desiccant a 40C at 75% relative humidity.
218. Ther}g;rﬁtl? i@é%%%}%}h%%%r m%g?digaagr%/g%qﬁg%efs rg'faslgmde}s %%%%WOEF% %’E’%"éﬁ‘ L(g'l%sealed
container’4dgtrefri§adizasiobte of claims 210-211 or 216-217, wherein each unit dosage form contains
from 50 p g to 2 mg linaclotide. 219. The unit dosage form or the sealed container according to claim
218, wherein each unit dosage form contains 67.5 pg, 100 pg. 133 p g, 150 pg. 200 pg, 266 Mg, 300
pg, 400 Py 2L050B5P I EPAtI 53 IFPRERSEHIEN 2t JoraasHaFmAESErRIGdIconriRsSARSATEIRB Ieiing to either

of claims 28R 30%hwberein Ith@:mfmﬁ@ﬁ{@am%ﬁ%l%ﬂﬁgﬁ%ﬁ'?@s‘%'%l&eli% @ieaigEihap 90% after (a)
24 monthls of[ﬂorgg%%f the pharmaceutical composition at 25C at 60% relative humidity in a sealed

container T5¢BHtainifg s HEGEEHTRIES)'8 WorHe bR brRadrHE pharmaceutical composition at
40C at 75% relative humidity in a sealed container containing a desiccant. 221. The unit dosage form
accordin eithgr of.claims 208 or 209, wherein the chrqamatographic purity of the linaclotide is
greater t%grgl ’903?11 aﬁ‘%ﬁafgﬂaﬁ%f&rﬁgkfﬁg 18?55%5(?%’9%!15(%]&5 %ﬁ%(}lﬁ hit 8?)%%%%%‘5?%%1‘3@8 gfdéﬁg/o“?elative
hundiglity earsealedeontaibelicenriidngraldesicpaniuor (nprivisriths hhstidyd phthighunit dosage
form at 4QG at Yo kelative TolNVAT W=TE ' ining a desiccant. 222. The sealed
container according éc%oale;tii he{‘Igﬁ:%%{nas&ffggo?%%%?%ﬁ%eﬁne%ﬁ%%bmatographic purity of the
linaclotide is greater than 90% after (a) a first 24 months of storage of the sealed container containing
a desiccamtsat 28Grat 0% selativeompnigiy @E Gﬂﬁﬁﬂ&&é&%ﬁﬂ%&fié&fm%ﬁ%éﬁ%go”tai”er
containing_a desiccant at 40C at 75% relative humidity. 30223. The pharmaceutical composition
according%]%’i‘fﬁge%}6?élaims 212 or 213, wherein the assay value of the linaclotide is greater than 90%
afte¥{a) a first 24 months of storage of the pharmaceutical composition at 25C at 60% relative
humidity in a sealed container
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containing a desiccant or (b) a first 6 months of storage of the pharmaceutical composition at 40C at
75% relative humidity in a sealed container containing a desiccant. 224.The unit dosage foiin
according to either of claims 214 or 215, wherein the assay 5value of the linaclotide is greater than
90% after (a) a first 24 months of storage of the unit dosage form at 25C at 60% relative humidity in a
sealed copainer.containing a desiccant or (b) a first onths .of stqorage of the unit dosage form at
praL b e pe A B e e R e
containersgegrdihgntoieithienidé claims 216 or 217, wherein the assay value of the linaclotide is greater
than 90% after (a) a first 24 months of storage of the sealed container containing a desiccant at 25C at
60% relative humidity or (b) a first 6 months of storage of the sealed container containing a desiccant
at 40C at?253% rékativeithdosigitjortd2e@rding wharmatétticht compobitigniacgording te any one of

laims 20 ' i o f.clai 200 “orth
Corld comTar o eoeing (e e o A S10 D U5 o a iy droh/ e paciactha

€ lysis product having
a structure2o i egs268/ 8 8 iy e-GH8-my N5 p oA e yigaritidly-Cys-Tyr-OH ~ 20comprises less
than 2% by weight compared to the weight of the linaclotide. 227. The pharmaceutical composition,
unit dosage form or sealed container according to claim 226, wherein the hydrolysis product comprises
less thanZ%b by WiRIFH EPIEERSIEATOTEIS Mgt mphrgags deadieigtrdmmee macRo8de. 25 228,
The pharpragguticst-ogmpositioiy unit dosage form or sealed container according to claim 227,
wherein the hydrolysis product comprises less than 0.1% by weight or less than 0.05% by weight
com@ared to the weight of the linaclotide. 30229. The pharmaceutical composition according to any
one of claib¥s 206 nfhbofa2s: e uititadsagedbsméacesy ditg tomtiyea aBdaims 2084209 or 224, or
the sealedaﬁggtt%i‘n%re %ngf'rllﬁlggto any one of cltaimsyz_l 21%. or{225é wh rein %o{r.maldehyde imine
product h%vmg a structure of’ IEEBysf(f‘ysn}@Ilﬁﬁr)l/%d?/s- f/’é-ﬁ&gn? ?o-&faxé?/se- Criéely-Cys-Tyr-OH L
SS S S Suoneptisephiassiticancalodeypanight sowmdare thtanthenweighitiofsthe?inacloticle. 5 230. The
pharmaceutical composition, unit dosage form or sealed container according to claim 229, wherein the
formaldehyde imine product comprises less than 1% by weight or less than 0.5% by weight compared
to tHe wefdit of The mesadtigeorionate ThemhR3Pnsesaiicsi¢ sHsosktiomounitis 86t ye form or sealed
containengaseiding to claim 230, wherein the formaldehyde imine product comprises less than 0.1%
by weight or less than 0.05% by weight compared to the weight of the linaclotide. 232. The
pharmaceutical composition according to any one of claims 206, 207 or 223, the 15 unit dosage form
according40.anfensahclninnsdts; B0%0n 234, ehiaseatbeontaiaghascrrdingo any one of claims
210. lel?ra%go?, \évherein a linaclotide oxidation product haying a molecular weight of 1542.8
comprisesqessf an 2% by weight compared to the weight of the linaclotide. 20233. The
phakfhaceutical composition, unit dosage form or sealed container according to claim 225, wherein the
linaclotid idag gol f A9 ight or less than 0.5% by weight compared
10 the wermht of T e T oy e e e 8 ceatea
containePSEEERfiAb e85 9eeaTACES3, wherein the linaclotide oxidation product comprises less than
0.1% by weight or less than 0.05% by weight compared to the weight of the linaclotide.

243, The method according to claim 242, wherein said treating is for a period of at least

25  four weeks.

244, The method according to claim 239, wherein said treating improves at least one

symptom selected from reduced abdominal pain, an increase in the number of complete

spontaneous bowel movements (CSBM) in a week, an increase in the number of spontaneous
30 bowel movements (SBM) in a week, improved stool consistency, reduced straining, reduced

abdominal discomfort, reduced bloating or reduced IBS-¢ symptom severity.
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235A unit dosage form comprising the pharmaceutical composition according to any one of claims
21-95. 30 236. The unit dosage form according to claim 235, wherein said unit dosage form contains
50 pg to 1 mg linaclotide. 237. The unit dosage form according to claim 236, wherein said unit
dosage form is a 5capsule or tablet and wherein each unit dosage form contains 67.5 pg. 100 pg. 133
pg. 150 pg. 200 pig, 266 pig, 300. pig, 4%0 pig, 500 pg or 600 pg linaclotide. 238. A sealed container
comprisin%4g‘pl Bﬁ%’f‘ﬁ%%‘:&&%a%g‘fb? ?ﬁ%‘&%r‘ﬂf‘?‘?@eﬂ& SHY BFRIBE UBRTY Geoigask 9135237, 10 239.
A methodsionjreatiegitedaibtenhewekaibdome Wit CrnsiipatiepdiBSrc)i i anrad Wt Ratiert in need
thereof, CQ{{,‘Q%{},SMQ administering to the patient once daily an effective amount of the pharmaceutical
composition acgc')rding to any one of claims 1-95. 15240. The method according to claim 239, wherein
said effective amount is 266 jig linaclotide. 241. The method according to claim 239, wherein said
effective untys. linaglotide. 20 242. .The methqd accordjng to any one of claims 239-241, wherein
said 'geat?r?é(?is fg?%rggﬁgé %%gﬁ)}enﬁsttoocrllgnv}/ggiei(’. W%Cmﬁéfa ﬁ]g:%ngﬁﬁocp ra%vceosr%ﬁ%a%oagim 242, wherein
said treatiyengdor glperd droman et 25 fouthweekber 244 SHd methedkasoondirgstoicikhien 239, wherein

S o RerERP B RERR SE PHORIAT SRR BIC R AR ARMIBNA B AT orease I e

number of complete spontaneous bowel movements (CSBM) in a week, an increase the number of
spontane%@@ﬁg\ﬂﬁémﬁovements (SBM) in a week, improved stool consistency, reduced straining,
reduced abdominal discomfort, reduced bloating or reduced IBS-c symptom severity. 245. The
method according to claim 244, wherein said treating improves at least one symptom selected from
reddCed gréaomﬁ?éq pathodassertingdadmnar AEE Mo A Sr 8utBertibadaRs B2a6taplé method
according-éenplaies 24dbphameraitizaidsmpsingdmproves at least one symptom selected from an
increase in the number of CSBM in a week, an increase in the number of spontaneous bowel
movements SBM in a week, improved stool consistency or reduced straining. 10247. The method
accordin@#8.anysonetlafdclaims289-@46niwhensiipaicapsuleaduidnleteompsinds sedd phassiaceutical
R et A SR S O L
thereof, comgrism administering to the patient onceydjally an effectve amount or tha pHa‘%aceutical
15chtnposiieipabereine donany Bneot efaitaens-D95.249. The method according to ¢248, wherein said
effective amount is 266 mg linaclotide. 20250. The method according to claim 248, wherein said
effective amount is 133 mg linaclotide. 251. The method according to any one of claims 248-250,
wherein S4i¢ tre S AHIABE &t deiandt briehsars s efsctverpmeigthis2 8% edrding to claim 251,
wherein gaig-tegigiing is for a period of at least four weeks. 253. The method according to claim 248,
wherein said treating improves at least one 30symptom selected from an increase in the number of
complete spontaneous bowel movements (CSBM) in a week, an increase in the number of
spolfanediis bolvel mdveinentsi(GBi rina e kylimmpiroved Sfeolicoasistency i saduyced straining,
reduced %p]ggwggl discomfort, reduced bloating or reduced severity of constipation. 254. The method
according to claim 253, wherein said treating improves at least one symptom selected from reduced
abdominal discomfort, reduced bloating or reduced seve of constipation.

251.  The method according to any one of claims 248-250, wherein said treating is for a
period of at lcast one week.

25
252, The method according to claim 251, wherein said treating is for a period of at least

four weeks.

253, The method according to claim 248, wherein said treating improves at least one

30 symptom selected from an increase in the number of complete spontaneous 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.
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5 255. The method according to claim 253, wherein said treating improves at least one symptom
selected from an increase in the number of CSBM in a week, an increase in the number of
spontaneous bowel movements SBM in a week, improved stool consistency or reduced straining. 10
256. The method according to any one of claims 248-255, wherein a capsule or tablet comprises said
pharmaceutical composition.  257. A method for preparing a pharmaceutical composition comprising
linaclotide or a salt 15thereof, the method comprising: (a)providing a solution comprising: (1)
linaclotide264.a phisenmateidticeydagcepthbite 350t thereet said reatliiy angrovdareofacation selected
from MgZ;r,ac %R 5&%&'{é£}'§'§+"_\|§+ O(t[ Algeor.a ;fricall hindgéed r%ima__ry amine; and, 20(b)spray
drying the'SolLition to produce lihadiotde micropariciBy os g PR HofiBE SELTHRRY 16Y6RM 257,
wherein safdsohigomis aqueous.  259. The method according to claim 257, wherein said solution
furthey comprises a binder 25or filler. 260A pharmaceutical composition comprising: linaclotide; Ca2+;
30leucine; and hydroxypropyl methylcellulose, wherein the linaclotide is present in the phaiivaceuticab
compositié®in anhgrstivdrsanabreIoagnd F00hersind diiammisg rapocot Caleageusinedinaclotide is
between S 38idicdtHo b ABRINAGEMISHAAPBPRNRR O ML, Mhereln g dmaclotide s
presented in an amount of 266pg. 261 The pharmaceutical composition of claims 8-261, wherein
the Ca2+ IBRSURIcPUEews bovobmoreashubRitisutivuekomposivdisoptramis 26y wherein the
Cad s preg@ntdn amamgunt of 1541pg. 10264. The pharmaceutical composition of claims 260-263,
wherein the leucine is present in an amount. of 687pg 265. The pharmaceutical composition of claims
260-264, wherein the hydroxypropyl methylcellulose is present in an amount of 700pg. 15 266. A
pharmaceifiical thenpesitioawcorapisingrsoaiedeads mieren) e bradsaLaiceatadwith a coating
solution comprisin '.taa(illaoxtri;giaec. utic %67. The.‘gharmaceutical composition of claim 266, wherein the

¥ leucine; and hydroxypropyl methylcel ulose,

I
coating sofu |8ﬁsﬁbc%m%rlses: inactotif@PCA

25wherein the linaclotide is present in the pharmaceutical composition in an amount between 100p g

to 600p gaRd the malarrafi ]tgg I ine:linaclotide is between 5-100:5-50:1. 268. The
pharmaceutical compositioncfzn ?éqmé: gééqw %égrrééifﬁcﬂ?é:qfﬁg%@(H]ec%mﬁ)r%%igﬁ? 1|Ir}1'a§1lr(1)%ln‘%t‘?ﬁﬂn §’5’*{266pg. 30
269 1¥he Pieevhdbe mribpésamoisitim of claims 267-268, wherein the Ca2 is provided as CaC12.

(a) providing a solution comprising:
(i) linaclotide or a pharmaceutically acceptable salt thereof
(i)  one or more of 2 cation selected from Mg**, Ca®*, Zn**, Mn**, K*, Na*
orAl**ora sterically hindered primary amine; and,

20 (b} spray drying the solution to produce linaclotide microparticles.
258. The method according to claim 257, wherein said solution is aqueous.

259.  The method according to claim 257, wherein said solution further comprises a binder
25 orfiller.

260. A pharmaceutical composition comprising;
hnaclotide:
ca?*:
30 leucine; and
hydroxypropyl methylcellulose,
wherein the 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.
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270. The pharmaceutical composition of claim 269, wherein the CaCl2 is present in amount of 1541ng.
271. The pharmaceutical composition of claims 267-270, wherein the leucine is present in 5an amount
of 687p g, 272. The pharmaceutical composition of claims 267-271, wherein the hydroxypropyl
methylcellulose is present in an amount of 700ng. 10273. The pharmaceutical composition of claims
267-272, wherein the beads comprise microcrystalline cellulose. 15

261.  The pharmaceutical composition of claim 260, wherein the linaclotide is presented in
an arnount of 266ug.
262.  The pharmacentical composition of claims 260-261, wherein the Ca’* is provided as

5 CaCly

263.  The pharmaceutical composition of claims 262, wherein the CaCl, is present in an

amount of 1541pg.

10 264.  The pharmaceutical composition of claims 260-263, wherein the leucine is present in

an amount of 687ug.

265.  The pharmaceutical composition of claims 260-264, wherein the hydroxypropyl
methylcellulose is present in an amount of 700ug.

15
266. A pharmaceutical composition comprising coated beads, wherein the beads are coated

with a coating solution comprising linaclotide.

267. The pharmaceutical composition of claim 266, wherein the coating solution
20 comprises:
linaclotide;
Ca?:
feucine; and
hydroxypropyl methyiceliulose,
25 wherein the linaclotide is present in the pharmaceutical composition in an amount between

100pg to 600pg and the molar ratio the of Ca’*:leucine:linaclotide is between 5-100:5-50:1.

268.  The pharmaceutical composition of claim 267, wherein the linaclotide is present in an
amount of 266ug.

30
269. The pharmaceutical composition of claims 267-268, wherein the Ca’* is provided as
CaCh.
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15

270.  The pharmaceutical composition of claim 269, wherein the CaCl; is present in an

amount of 1541ug.

271, The pharmaceutical composition of claims 267-270, wherein the leucine is present in

an amount of 687ug.

272, The pharmaceutical composition of claims 267-271, wherein the hydroxypropyl

methylcellulose is present in an amount of 700ug.

273.  The pharmaceutical composition of claims 267-272, wherein the beads comprise

microcrystalline cellulose.
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