METHOD FOR TREATMENT OF CONSTIPATION-PREDOMINANT IRRITABLE BOWEL
SYNDROME [0001]This application claims benefit of priority to U.S. provisional patent application
60/797,076, filed May 1, 2006, the contents of which are hereby incorporated by reference.
BACKGROUND OF THE INVENTION [0002]Irritable bowel syndrome (IBS) is a common functional
disorder of the bowel that has a pronounced effect on quality of life. A defining characteristic of IBS is
abdominal discomfort or pain The Rome II Diagnostic Criteria (a system for diagnosing functional
gastrointestinal disorders based orVSyHptOPhEDB TBEATMEDIBRE at least 12 weeks or more, which

need not be con§&AUNVE A THENrE MENAYTHAR B RASE i B W ddo HYOYDSPMK that is
accompani do\iJAy at least two of the following features: ((5111) it is relieved with defecation, and/or (2) onset
is associar11§8 th a chaitje APHEGHERCS 8P &0BF SR/ (IFERER 18 aSsocinted intila BAEAGe in form

(appearargg)iohstado [0008)QthrRE VIO @ sHRRekbe WirgnosihabIB SHinglids aaiR, abnormal
stool passage (gtraining, urgency, or feeling of incomplete evacuation); passage of mucus; and
bloating o??eeéﬁncﬁ“of abdominal distension. Patients can be sub-divided by their underlying bowel
habits: (i) diarrhea-predominate IBS, (ii) constipation-predominate IBS, and (ii) constipation alternating
with diarrhea (alternating IBS). [BOGZKKRR @ ERDAOYSIHEINY BT I©)poorly understood despite the fact
that about a quarter of the population in the UK may exhibit the symptoms, and approximately 15
percent ofl & ladults repatlsyroptd msithanarébstnsistemtwith feetisghdsisddr 1BShit twestimated
that only ZhdeizentehagisereuinBe.saek medical aanln addiion paienis dlagngsed with 1BS
are at increased risk for other, non-gastrointestinal functiona élsoraers such as fllls)romylarﬁlgla and
interstitial @yimgoroonsB s hsaHkomad dowranest diagimis masteny yashamomng| dyistsdrmthe U.S.,
and accounisonilainar cank aiVisS:I HINAMN SRS RIOYIdets. Anproximalely,$8 billjonin direct

medical costs and $25 billion jn indirect costs are spent annually in the U.S. for diagnosing and

treating IBBFhSIHBRESLBOLPRS P87 Y S e PP BFECHIHE driinanths atbdreard divrmér S,

100061 Prisuiavytire atmenitfat B8 by alves.aownselingand siatarfanoaification iDrug:ther 3mhis
ConSIderegeE%c%%o%e ggélj((:)lra H; grl{s%ﬁg%sggépa%\g%% | E? %H]a%é%rgf frléglgeﬂ%r rg]f%?ooi, and/or (3) onsat

15 assoctated with a change in form {appearance) of stool.

[0003] Other symptoms that support the diagnosis of IBS include pain; abnormal
stool passage (straiming, urgency, or feeling of incomplete evacuation); passage of mucus;
and bloating or feeling of abdominal distension. Patients can be sub-divided by their
underlying bowel habits: (i) diarrhea-predominate IBS, (i) constipation-predominate IBS,
and (i1} constipation alternating with diarrhea (alternating 1BS).

[06064] The pathophysiology of IBS is poorly understood despite the fact that about a
quarter of the population in the UK may exhibit the symptoms, and approximately 15 percent
of U.S. adults report symptoms that are consistent with the diagnosis of IBS. It is estimated
that only 25 percent of persons with IBS seek medical care. In addition, patients diagnosed
with IBS are at increased risk for other, non-gastrointestinal fimetional disorders such as
fibromyalgia and interstitial cvstitis.

[0005] IBS 1s the most common diagnosis made by gastroenterofogists in the 1.5,
and accounts for 12 percent of visits to primary care providers. Approximately $8 billion in
direct medical costs and $25 billion in indirect costs are spent anmually in the U.S. for
diagnosing and treating IBS. Thus, IBS accounts for a large proportion of armual healthcare
costs in the U.S.

[6066] Primary treatment of IBS involves counseling and dietarv modification. Drug
therapy is considered to be beneficial if directed at individual symptoms. For diarthea
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predominant cases, antidiarrheal drugs such as loperamide can be used, which treat diarrhea, but not
abdominal pain. Since abdominal pain is one of the defining characteristic of IBS, anti-diarrheal drugs
do not adequately treat IBS (Jailwala et al., 2000, Ann Intern Med. 2000;133:136-147; Cremonini et al.,
2004, Minerva Med 95:427-441). For constipation predominant cases, ispaghula is often used to
increase dietary fiber. Where patients have pain and distension as predominant symptoms,
anti-spasﬂSfSﬁnga’FE‘;@B?ﬁrﬁ%‘ﬁ &Y. Fhsseveh A ‘QRer SHRIRT Birdrd BB et 4 &ich cases.
Other agents:thativaveReqnitriedriar itebiingadBailneiude bétadbiackeng, dalaxensiordapsetron,

calcium channel blockers, simethicone, leuprarelin, octreotide and cholecystokinin antagonjsts with
variable rg%%a(ﬁgﬁl"%%%, Hﬁ]é‘%ﬁ% tgpljfnog%‘ci)p%%?af%%?t%dﬁfo%?l@éé} pgnfl&ﬁ’ TO%?U.S. Patent
Nos. 5,21290924 3hiP5;49%,66¢roieripesfa ditloddithevasy ol 8 pldanthiocy diidirrpalyateric

compositign fsalalad R0 GAolan,sne o CALORNYILIY, SPR AL eRkpRIL ALYl Tegligns

Rozhon et al., U.S. Paten ion No. 2005/0019389, disclose the use of a proanthocyanidin
polymerici8gistssition 18 relarfion SIBReEpplbrTaiophiite M spprfeerhcishidedivsiiBecretory or

travelers giarpbgaRite3are 6@l u2A03 MR HEasteenigrkd f4289:4R8R diseiRzad.cigical trial of

crofelerner as a treatment for traveler's diarrhea compared to placebo. Dosages used in this study
were 500 g/ BT MRS LYSHTIE0BRRGIIAY- (586 WY TB RIS X oy FUERIISE0D mg/day
(500 mg fRuptings cader wd dajsyTbe studshowedihathesemporitionanasissefvldor the
amelioratign of stool frequency an Str '@5 tin mptoms in patients with traveler's diarrhea.
100081C|@;11|’8znﬁo£raf &t |8‘§If|lc‘))r§1% %@ﬁ%t@r’e’%ﬁ@iﬁ%f ‘section or any other section of this application
shall not H8ddGhstrued HsSafadmission . tHat Buchukfefence isavaiablsad prliorattfasthe present
application, GUMMAR Qi T INYRNTION, %%?&9&98&%5{%%5 Yeﬁt@%cgg@éﬁﬁ Jgé@)e{{)yds for

treating at least one symptorn constipation-predominant irritable el syn C

administefidrassampesitionl orestest fstdined frdma T rioviamsPeelssmCato pRANATY 5pEes In one
embodimeny, tRe FRMPOSHION IS AIRISLITEM AW SRREIESHRMGaIRRRY UM %98&58%#;5‘. ygt another
oton species or

embodiment, the composition is a polymeric proanthocyanidin composition from a Cr

CalophyllGri{ Sfeéies serefiibiy sympro fis 8 el Eng pakeradoinarais o tord Sch as
abdominab\fﬁlmeﬁgtri&@&af mlmslbiﬁgg ﬁ@&%@%_@tﬁg&i{&ﬁﬂegpyﬁf@m@wgg than-hiee l@@lwslf |'
movements per wegek; hard or lumpy stools; straining during a bowel. movement; urgency and feeling
of incompﬁf&‘g%wv&?ﬁg%ﬁ?é?ﬁ?ﬁfﬁg,R??%%s- BERASHD Hhe HvBiton BrovHel s Hetiad for the
treatmentfofuonmear miarg, S\ioptopisaef (@48 Sig doaptising adminiatariigiaa jdatiefttnmeéshof such
treatment,. an amaount of a.polymeric.proanthocyanidin.composition from a Crown spegies,or
CalophyIIL{J1 r%”s”p%c%g%) e ?éctt%]/% %g?écg?\tﬁeb%?r‘g %r%%e@?}ﬁﬁ?orc%% i ?:81%% AT p%Tglrie%’reﬁr%lbodiments,
the dosagersiitheticonip ositbrilieibiver uival emtttoinialipa dimirmstare dneptéreic c Fatkdwerafierémer at a
dosage of;ahaut, 250 mg per day to about 4000 mg per day. In one embodiment, bioequivalency is a
sufficient dose of a composition of the invention to produce the desired effects as seen with another
composititf98la particttéi@Bsgecri§ cadinto it By idarersra MerstirucsagE ohabst™S0 mg per
day to abegt40Q8maRer gay haarotheiembadiment:bioeauivalency.isadelines iy Okds as
determined.in accordance with methads approved by, the U.S. Food and Drug Administration In a
particular%rﬁﬁf)%r&%ﬂ’e ,%@%ﬁﬁ?&ﬁ%ﬁ]‘of the invention is co-administered with an anti-inflammatory
or analgesic compound, which compound is preferably not systemically absorbed or is modified such
that the compound is not systemicHliViaba®Be0F JUtH BoWpsliBodNinclude 5-ASA, sulfasalazine,

mesalamine, APAZA, celecoxib and rofecoxib. [0010]In a particular embodiment, the present invention
is directed ¥@P8Imethodldf trEatHY PEaRtesstiste Wi SicbripRsiAg ddhiRtstermie® afpatient in

need of sughsiieatmentAnamauRiaba Belmelicreanthasyapidineampesiton fampa;fsewn
species or Calophyllum species effective to treat pain assgciated with ¢-IBS. In angther embodiment,

the preseht MVEHHOR LG EEIBLAS 2 e RS0 OF TFeafiig At B Gis b Mo raRed e dWith c-1BS
comprisinghaghinitsteting ta@-patientinCrees chstieh trealniestyapnspetint of i paly mestter

proanthoc aglcl%lgn c]%m&(gsigg%n fgc{lm a. Crot%p y%éemes or tgalogzh&!y% g&eggs ettrfgr%tlgect% tt‘_\tlgrelat

abdominal iScomTort associated with 18 pr%f:c')ﬁgflaﬁ a%céiggslc ora mﬂ%mmatory agents can be
co-a_dr_nin'm:tecr'ed Mtlﬁfmb,@’fnposmafas.l&paﬂié@arﬂh@mmadsﬁiﬁﬁﬂiéﬁdmﬂmlam ebizmiadified such
that it is ngl.systemically 9@%@&&%&&-%[5%%4% 2R ol 001204 A B 0 2P i 9% O less than

i
0.5% absorbed of the dosage given. 11]'In yet another embodiment, the presént invention is
directed t&°% ¢h o ETetROHR gRabHBEMaPsiottFe dahesy/ vapy cirlsl WitEUR S Haghp siig
administering to a patient in need of such treatment, an amount of a polymeric proanthocyanidin
composition from a Crown species or Calophyllum species effective to treat the abnormal stool
frequency associated with c-IBS, e.g., by increasing the number of stools per week. [0012]Exemplary
polymeric proanthocyanidin compositions useful in the present invention are preferably isolated from a
Crown species or Calophyllum species. For example,



the composition can be a proarithocyanidin polymer composition isolated from a Croton spp. or
Calophyllum spp by any method known in the art. For example, the proanthocyanidin polymer
composition may be isolated from a Croton spp. or Calophyllum spp. by the method disclosed in
Example 2, infra, or disclosed in 13.5. Patent No. 5,211,944 or in iibillas et al., 1994, Phytomedicine 1:
77-106. PCT application PCTiUS00/02687, published as WO 00/47062, discloses a method of
manufactufHY A AarEACY i BBIgHEHE CBRIPISSBIT SeTsterf Ror ot A BP €3 hy llum
spp. In prefesred embadiraeil:dhe eempDgitiomis eatehiaprstesiedirexghr e Riekiacaated cTimss, in a
particular embodiment, the, present invergllio is dir ct?.d tgam thod of t[eat]i%g norqlal stool
frequency SSSGEHETRITETRE (B SRR BafTISEmiS A PstetidHESY of SukthifBdinent, an
amount of arpatyimericidroanthpeyanidimoce mgositiensisaiatedr fkommnoivm sppcios Editophe/hem spp.
effective to e rmal.s C i ith c-IRS;. | ich sai ount. i
bioequival&tq%gg)%% %%!?a)l%/ éﬂ%‘in%&%?ﬁ%l o%s% %@ﬁ%g%%’aﬁp%ﬁ%}%ﬁ%ﬁeﬁ%ﬁ g(%{p?e&r1 % ay of
enteric profedipestirofale erqupd e in gabipréfaretembidim entled probrithue i dies preslyrher
compositiof,gfthednyeniioniis, Groislemesof-tatelemer GASnt8trmtn) 1§ AQUaRIRSTS 4

proanthocyanidin of varying chain lengths derived from the Dragon's Blood of Crown lecheri of the
family EupFfiseédescrbletemeriidiat fremgatinpicativeidrtdsraphroSamaterrag0tidaltons to
approximatgiytiZf Od-aiphomnsn THe rpafenar sicamprisind-araficlemes Compliseccateghins gRicatechin,
gallocatechin, and epigallocatechin. Th hairgrlepg h of crofelemer ranges from about 3 to about 30
units with ftl]? %éga%g‘%ﬁafn‘%n&ﬁb&%&%? B'aMits. Fhud 1K< feﬁ%ﬁ{?%%%érﬁbg)éﬂ’?%i HEprésent
invention isdifeitted ty, aomisthrodeofringating abemtimakstad] freduenapassodiatedhwith ©-FB&
comprising_orally administering to.a patient in need of such treatment..an ountof. .
etencally S LTI HE f R AR e R MR ST Bl a6 e,
in which saidrainigerdishdwere naboull 280 aRTpar dajekivd absurood. mighper dagintedrtain
embodimeptsayhete frpfeleerisnthanise formylatad fmaterierically protected), ihe fospge of

crofelemer’administered is bioequivalent to a dosage of about 250 mg per day to about 4000 mg per
day of oralfy defiradicrebateritahyorapsenst Bidrse méoubismisiac.dueriiaifisialiBAa"a delayed
release foripwatian. «[Q014ddn.an alternative embodiment, the present invention is directed to a method
for treating one or more symptoms of alternating constipation-predominant/diarrhea-predominant
irritable boWt ) ndrome(4-IBE) e BRERT AdPhilisBriglid e Tt ety dp i hieddtent, an
amount of aBaextrgelivniatexfeonmahCronm spapiesngr Lalophytiumispepieseffectiveitofragththe one or
more symptoms of a-IBS. In one embodiment, the composition is a polymeric.proanthocyanidin
Compostio e G B R L et he
present invEaliphyiddirastadsteiaamethott for tratingopain astocidte diwithogite sralivdyment, the
constipatiop:alamingBiclatbagantedaminant table hewel sy domede RSk comRNg

administering to a patient in need of such treatment, an-amount of a polymeric proanthocyanidin
compositiolfofRTERE B P 4PEREY B Ca/dphytitih Bpdsik effebtidie Beat-tHe pam Bdsetiated with
a-IBS. In prpiensd emboginasntsdhe dagrar: of thesomppsition s higequivalght, oo albeadministered

enteric coated crofelemer at a dosage of about 50 mg per day to about 4000 mg_ per day. In.one
embodime Rt BRIt el RIE R Io S 6P AT MBBSION o EREAVENtBIRS HrTdi¥E a similar
therapeuticrefteehasseeganith anothercomposiioratepatieulamntesage., elg. panietacoated
crofelemer at a dosage qf about 250 m r.day to about, 4000 mg per day. In another emhodiment,
biocauval S e ot e e R T b BBy, the
U.S. Food a#fd. Dthvg! Atmitistradioie, | Bthivith 81§ ‘s ufférin ghfroh de BB ekperitthcaisyrpgoms. associated

with both ¢y pnd o185 denendion an b vne BLIBSDE ARURALIS XRSlieRing Al aarpuler time.

Thus, an a-IBS symptom that can be treated by administering a composition of the invention includes,
pain, abdofFinanglisbapiie, AprofragiSo | feriidetydbrothal stoorcorsislentyigpres dhce of
urgency, digitbegiARd SAPSiPRIRALRRIER RESGRIP T QN AR THRE FIGURESIDAISIRaus 1 is a
graph illustrating the Effect of Crofelemer 125 mg bid on Stool Frequency in Females. 10016]Figure 2
is a graph ATGBtAfifg tHETEREE bL CIatBIHRrRISS BRI th' tfgehly RiramR s deiriStre 3 is a
graph illustistieg thedffects of sefelgonAdeqyate RativboifBSoRyapiems in Females.

[6612] Exemplary polymeric proanthocyanidin composifions usefid in the present

mvention are preferably isolated from a Croron species or Calophyllum species, For example,



[0018[Figure 4 is a graph illustrating the Effect of Crofelemer on Pain Score in Females. 100191Figure
5 is a graph illustrating the Effect of Crofelemer on Percent of Pain Free Days in Females.
[0020]Figure 6 is a graph illustrating the Effect of Crofelemer on Pain Score in Females. [0021]The
present invention relates to methods for treating at least one symptom of constipation-predominant
irritable bowel syndrome (c-IBS) by administering a composition, e.g., an extract or latex, from a

Croton spetfeS SmediSEHTLRT 8 FEeadaayrRi 48 RPURhETRRISAAHEH FAR rhpoSTGHP-
Exemplary.sympipghysah R Sinaludeduiadd; lakseninahdigeomioexaush, agabeominalisllaess,
bloating or s eIIin%; abnarmal stool freque ,i.e.,qfewer than tI}ée ?10 el movements per week; hard
or lumpy SSRGS MRS Boaf FbDSRd e CHEMEy S TeElEt RO PR EORe
movementdiktlessdnoAsaemiedtimént, dhé solveadion Prdvildestaineftidd fordtbe irddtitientoélone or
more Symptaims 9%&%%%&%%‘?'99-?6’6?'@ gﬁ 1%9&‘8‘0%6‘%%%1%8%@fg‘?‘é%%&%ﬁ”%@%ﬁ@ amount

of a polymeric proanthocyanidin’composition front a Croton species of um species effective

to treat thel8ne &rimorecksmptonsshet MMW@-m@@Wﬁm®mw§¢mpm§m the
discovery thata exHRetQlLlRIey frpm LIon SRRy O 1G ARRRIIBYBRRmINE YN RRVARKIC s

proanthocyanidin compositions isolated from Crown spp. or Caloghi/lllwn spp., including crofelemer,

alleviate p&HERbBEHSHE!E Loothiteit st cbridtipatiohrasiststed S IKRIRFSABINY e Present
inventiorll izsbaﬁeslhem Rarg, mﬁmﬁd&caﬁg@%ghabﬁéh%&r%@é&lr I?égefeﬂ@ma@@meapm@{ Gf@ﬁ)hﬁlllum
spp., including polymeric. proanthocyanidin compositigns isolated from Crown spp. or Calophyllum
opp. inluHE BRI GHTEITSITAVE S SRBIBNIE OF RS S cH A HBh ST SBbr rARAHES 4 dosages
higher thamiiveskougefiditodregbsiyimptonisal tiatr@apresammafibil s, 02 3jip. eiggietersed
embodimept, ihg,composiion.oldne.nyention,is & prognihacyanidin polyper compositien, I another
preferred embo iment, the composi ion is an aqueous solublé proarlfﬁocyanlcﬁn po‘ﬁ/nmer composition.
In another prefaradeanibodimelly, tleicompdsiions bitthe présestrien datiohzdrenétBubrstantially
systemical%&%gﬁﬁgg Bfo%&éﬁg%f@gﬁ!a?t to be systemically absorbed when administered orally.

[0024]Proanthocyanidins are a group of condensed tannins. Tannins are found in a wide variety of
plants and 8 Blassifiedadrgitheleryd oRplnent egnaenBed avdnypelamy ¢sawan bemitfdhal medicine

as treatmepk.erRIPRhlaxisIRLdiarsheahave Reendaypd tos¢ eniginiRRRNS ARYRiaRHoGKaNIdins in
particular (see, e.g., Yoshida et al., 1993, Phytochemistry 32:1033; Yoshida et al., 1992, Chem.

Pharm. Bufll, 46" b3 kit ved g5t thsn ek B 4D:2tgey fechers of the famuly

Euphorbiaceae. Crofelemer has an average molecular weight of approxumately 1200 daltons
to approximately 2700 daltons. The monomers comprising crofelemer comprise catechin,
epicatechin, gallocatechin, and epigallocatectun. The chain length of crofelemer ranges from
about 3 fo about 30 units with an average chain length of about 8 units. Thus, in a preferred
embodiment, the present invenfion 18 directed to a method of treating abnormal stool
frequency assoctated with ¢-1BS comprising orally administering to a patient in need of such
treatment, an amount of enterically-protected crofelemer effective to treat the abnormal stool
frequency associated with ¢-1BS, in which said amount is between about 250 mg per day and
about 4000 mg per day. In certain embodiments where crofelemer is otherwise formulated
(not entencally protected), the dosage of crofelemer admmnistered is bioequivalent to a dosage
of about 250 mg per day to about 4000 mg per day of orally administered enterically-
protected crofelemer. For example, such formulation is a delayed release formulation.

[0014] In an alternative embodiment, the present imvention is directed to a method for
treating one or more symptoms of alternating constipation-predominant/diarrhea-predominant
irritable bowel syndrome (a-IBS) comprising administering to a patient in need of such
freatment, an amount of an extract or latex from a Crofon species or Calophyllum species

effective to treat the one or more symptoms of a-IBS. In one embodiment, the composition is



[0025]Proanthocyanidins are comprised of at least two or more monomer units that may be of the
same or different monomeric structure. The monomer units (generally termed "leucoanthocyanidin®)
are generally monomeric flavonoids which include catechins, epicatechins, gallocatechins,
galloepicatechins, flavanols, flavonols, and flavan-3,4-diols, leucocyanidins and anthocyanidins.
Therefore, the polymer chains are based on different structural units, which create a wide variation of
polymeric pr8ahitReyAFiaTHBoSHeEIR FGEROMSE TBIP gsSHsterishrseTrs MHerrrgwW/ay 6Patic1ds2, J. C.S.
Perkin, 1:1247 )spafgarhelymess obthailayenaidid.ehtnits ke prdeminaiin @Qﬁdﬂﬁgtﬁaiﬁnd are
found with average mo.l&cz%ar weights above 2,000 daltons, containing,6 or more units (Newman et al.,
1987, Mag ?‘ﬁ%‘é‘%ﬂe‘?ﬂ., A R TP B IR PR PRt B R i 4 R d Bty of
plants, partigttoiy ¢hiese syitaprisiad ydabisehgowth(eian Crovwd sppudanctGalophytlumdapp.). A
number of g}fter%pt CE‘{’WQ Jre gvea%%lsﬂ i%%llugiri\ Olcliré)wn és(qjut}ari§ Crown %o Z}; ilflolius Croton
palanostima, ERSwn' feccl*ﬁ)erl, roton erytﬁro s and row’ﬁoé’r%é%en%?aé)é, SR I O%Rhc}frsnerica,
produce a etwisedos tatahespmncalied Sahgrd dd B adomwetidxalgonts Sloads, Thidaede viSdous latex is
wicely KnowShipEls MRkRIRALY AR TIeS NOrGHAMALe: b iheFleni N o P RbiP 4. il flrsgribed the

isolation of an aqueous soluble proanthocyanidin polymer composition from Croton spp. and the use of

the compodhidt ad g18 astivirsl fagertI8e0ars pilas el alont SobhRREBM Bl DeTTY. [T Hhe

proanthocyaitinRAlyResconpasitianasrb awaienave,antiviral ackiyity RoaiRska vaueyof viruses
including, respirataory syncytial, influenza, paraintluenza and herpes viruses. U.S. Patent No. 5,211,944
also discloSEERETsSRAHBH GPER R HIbLES SERIBRIBF ARG eyahidiA Faty Bt Ttlsmsh #ot
Ca/ophylluariagp iy ubmandsihergse=6f dhis leompasition asampantiyiral agenbil@0Aid&xamplary
proanthocyanidin polymer corc’{y%osg[iﬁns usefuldirtlﬁthe iné{en;ion are oref ab%is{jcggted from a Croton
Spp. or Caloif))ﬁ?/ﬁlﬁm“sﬁﬁ lbg)? Sany Method kiown i e art- For %rngnBI%?‘ Ié}%r(‘::f'anf?llj&r:{)};‘aerl ity polymer
compositiothenbyShe Seldteddfroma Sdownssppoor Gatbpldyhimssfpriby thenmedisd eipetosed in
Example 2] di ' 1 . | illas et al 4, Phytomedicine 1:
77106, 100 o o D G 6 D e e e
invention isEpofaemer, Crofalerhal {C AS12.48485-486)-18 Anoligdate ridigrcantHucyisgitih dfvarying
chain Iengtmﬁm@&gr@%ﬁ%@@g%‘&@iﬁﬁ@&%&%@é&ﬁbﬁm b ABR-FRMIR EHRDR DIRGE AR

Crofelemer has an average molecular weight of appoximately 1.900 daltons to appro>dmately 2700
daltons. THERIGHENEIS copiisth Y QbfemsHisro s T ataERAC b Fliatbehir GeIsERENIN, and
epiEallocatechin. The chain length of crofelemer ranges from about 3 to about 30 units with an
average chain length of about BRIEF DESSRIETIENGEFOfeien@GERESWN below. [0029]Another
illustrative method for isolating crofelemer can be found in U.S. Patent Publication No. 2005/0019389,
the contentd®thich arElexjsréssly prephpbratediigeteint PCTodsphtdaoePCT TIg 860102587
published a5 \W(,00/4 7062, discloses a method of manufacturing a proanthocyanidin polymeric
composition isolated from Croton spp. or Calophyllum spp. [00301In other embodiments of the

invention, tHY ¥Impositi§HEi&efulin the HRbtHBRE Bt dliaveREon s areflomex dotdifed o a Crown

species or gcalephytumasRecies or an extract obtained from a Crown species or a Calophyllum

species that are not spegifically polymerjc proanthocyanidin compositions. Exemplar extracts are
closcribed HPEinon et SO0y 8, AT SRS 51 it 7 CorAABBHS iSim. Sci
12:7. 1003f1tB& preferred enflzadirent, the compositions used in the methods of the

{0018} Figure 4 15 a graph illustrating the Effect of Crofelemer on Pain Score in
Females.

[0019] Figure 5 is a graph illustrating the Effect of Crofelemer on Percent of Pain
Free Days m Females.

[0620] Figure 6 is a graph illustrating the Effect of Crofelemer on Pain Score in
Females.

DETAILED DESCRIPTION OF THE INVENTION



invention are not substantially systemically absorbed when administered orally, i.e ., only 20%,15%,
10%, 5%, 4%, 3%, 2%,1%, 0.5% or less than 0.5% absorbed of the dosage given. Drugs that are
systemically absorbed when delivered orally can be modified to prevent systemic absorption, if
necessary. Such modifications are known in the art. For example, a composition of the invention may
be covalently attached to a non-systemically absorbed compound that is substantially inert in the

gastrointeb#Hdiltract anthede#BtHeReiAts e Rttaidnior tratdenipbstineSHEIlEh Yy stemically
absorbed garapaidads,aghidavRRoHSHROBARNET Syl e ROMBES halaterprefatallvdisseimith the

compositions of the inventjon resist degradation and absarption in the gastrointestinal system, i.e., the

polymers &&n8t SBEARTIAHhrEaR ddwi’ G aBFBRy SHEHEAr CoR RS iTHHE S8 RIBATSHE intestines
into fragmpntswbighrade absapballenby:hedyltissuespRetymer st Havied: nenshydradyziahle
backbone Nhichijs substtlantL lly iner iiﬂer cqtgdigi}%nf%s enco nteregl in th &gasltr intestinal tract, are
preferred. uch' p%rfyrsﬁlgrsa\ﬁ’vfﬁ)yﬁ?g}lenrab y Ve A su i%fnm#llé’ﬁ’r%o ecufar v?/glg%ﬁ%e}rlggi’slt E’a’osorption,
partially ofceenpletefyrclr bovi ergastroimsgstined dkatridtor dahgrypdetssof thenbgdyurigeagalyrelers can
have molgeuareolieR0GIY oM. ABPHIEARREIIANS% AReHLA0GAC0 Ralions.Rigleraply from

about 2,000 Daltons to'about 150,000 Daltons."Examples of suitable polymers include but are not

limited to, PelyaeEHarigeyidslyvemyaad §ycoepbiiHery, ebIRIDE PulimBRIPESRis8ienEpolymers,
polyanylate,pelymersqand Ralyamnide Reiwmers,dQP32 LikneRisent inveninRencomiases methods
for treating and/or preventing one or more symptoms associated with constipatior;e-r%redominant
irritable bAWRASYRIARSRIET(ESMRSTNAPWEARH BISGHEY SRRTSTS STnCRIERTS A SPRRE YeTER Fufans, which
symptomsiiagligesrRuiraierael-timited ta,cp@a, abdominal discomfort and abnormal stool frequency.
The meth f the inygntion generally comprise administering to a subject in need of ¢-IBS treatment
2 potymer U Banthocy DT EOMBEHE T ck b o WA e 1 B el
embodiméntnthe-compasitorig@ralliedmini stefedian galsmet systemicaiy msocbegohtansther
embodiment,. osition is enteric protected. Preferably, the patient is a human female. [00331In
one emboﬁi‘%%ag%gt, t %gr(gg%%?ins\%]ht%ln gtrzg?ﬁg‘e%dué”rﬁ hﬁ’oﬁ%ﬁ%@li%ﬁ%&? é%’sc%%%él& \Ar/ﬁ%%-IBS
comprisingtaldminidteligrdcat patiericins st of saehareatidnt|Bh. afblinersla.pigntarient _
proanthocyanigin, CAMpOsItion sLiecty&Ho HE?@&@%&”&&S&P@E%W%P Gl S vehich,sajdagount is

bioequivalent to an orally administered dose of about 250 mg per day to about 4000 mg per day of

crofelemef- 4ieElHHRTB SBIEBEHES PHETTES SR IRV RTER PRRATBe Blpist o s iRty alsdominal
discomfortgssegiates it en| B Compising afministeringdaA-patiaptonneed.qbsuchitieatiment, an

amount ofr%&%ﬂericl rgganthocya;gidirn compositjon %fective(ﬁ%treat abdominal d}s .Qn%}fgrt
associated WA BE i GRS Al ST ?ﬁ&h‘ﬂh QI APTS AR SF ST ORI &P d BEEE of about
250 mg pereiyriaaibdiE 4000 mg per day of crofelemer. In certain embodiments, the composition is
co-admini with an _analgesic.andior anti-infla tory compound., 34]Pain and discomfort can
e measulBlE] any mine e D e e o T Fven o
patient assigasthieeyiavédiopysincocdispontifort brracstalerofored Snivthirebeitly poaimtsmdiscomfort
and § being,asianed theiahestiayabelaaimor sissamot-Ipaaiian ambagiments,ligalieviation of

pain or discomfort is measured by a lowering of the average level of pain or discomfort, an increase in
the nuMberBTEHIEr FScERHTBREHRR dRlydie PEerliNEmMBOTIAE et MBSHINYET SFYem GHY
discomforisfreerdays is-incaaseddAbIaast-RloaOYbs 384 20%0q 256%6sR0% cABN6, 40%, 45%, or by
at least 50% compared to before treatment. In other embgdiments, the level of pain. or discomfort
decreased'fﬁi%]c least 0" 1°812° .@?@HSO‘FE? &t 8RSt C%ﬂ?ﬁﬂ?ﬁ&?ﬁﬁ% ?@Bﬁ?&@ HthEht, or even
by at leastiidaitali Svnitsjaors2atditse [(O35fknl anothesremtiotimeht theopiesesnt iNentiplamsovides a

method of eating, aBnormal Sigel Tequency asserialed. Wil 4B comprising adminisiering fo a
patient in need of suc trea ment, an amount of a pgﬁyﬁ‘uenc proanthocyanidin compos‘lﬁlon effective to
treat the abrmoemal:stuok freglencynissyeiaties with g BSI{0036] ngpartidwidndémbodimeh#s 3stool
frequency is increaser Patjeast 10%,20%: 3090.40% 95,59% SiMoKs GAMPRISHID hefore
treatment. In other embodiments, stool

1992, Chem. Pharm. Bull 40:7092).

[0025] Proanthocyanidins are comprised of at least two or more monomer units that
may be of the same or different monomeric structure. The monomer units (generally termed

“lencoanthocyamdin™ are generally monomeric flavonoids which include catechins,



frequency is increased by at least one bowel movement per day compared to before treatment. In yet
another embodiment, stool frequency is increased by at least one, two, three or four additional bowel
movements per week compared to before treatment. In certain embodiments, stool consistency is also
decreased, i.e., there is an increase in the amount of water in the stool, by at least 109/0, 20%, 25%,
30%, 40%, or 50% compared to before treatment. [0037]In an alternative embodiment, the present
invention efitetinebsseietbebifsr wabdrmcaisdionpréventing die arnoradylapsmstadsbiciated with
alternating dignhiaalesrsiiRptinpriednmivant.lidtahleRowel syndrame; (driBriein yammprblogded
animals, including male and female humans, which symptoms include, but are not limited to, pain,
abdominal HEEBHAIHE Boidh et Stdb FrEHTerREA BNV StERT EBrEidena dnimicha dmge
constipatiofufivermathostof thednventinmoenerall campdse, adniinisterng.o ja1subjeqtdspeed of
a-IBS treatment a polymerjc proanthogyanidin composition in accordgnce with the invention, In a
oreforron SBBATHE T c RSN Ry EEFATHIERod ARl Bty RSB, n
another embeclimment]dhéacompbsitidis 2/ idaprote ctadaRneferablycthe patiédtisadwmadn female.
[0038]In 0%_&‘%%(1"}1&[“?},@% _pﬁlefgginvention provides a method of treating pain associated with

a-IBS comprising administering to"a patient in need of such treatment, an amount of a polymeric
proanthocy#A%h com pé’sft&@ﬁl@f’i@mﬂ}é rolyesrpain ‘@ssddated vidthadB St Meatotreteuodiment,
the pr@ﬁﬂ%ﬂ@é@@{%%&@%&%@%@! sg%atlagoabpg}s?! %h%%mj%@%&fsﬁ!%e&mﬂa@aﬁs
comprising administering to a patient’in need of such trea ment, an amount o a{fo_lymenc
proanthocyBHidRCoriiesitts arettve s idagabaominaraisEémigieasseeratadalith £/BS7In certain

embodimeplgsihesnpasiionisea-atnisiergd wmitn annaloesiciandioyantifnfrnmatany
compound. Pain and discomfort can be measured by any method known in the art, for.instance on a
pain or dis O SEAILIA (A S PAHUT S SRL T 168 OF A o biSUBRBA BIASedBor 0 to 5
with 0 beingdorpain:oktiscomidiy dndbrbling assifried thephighedtdevelappain oridisgomtort. In
certain embadiments, the alleviation of pain or discomfort is measured by a lowering of the average
el of pait on QoA o etie TR i Bor oh - S IS BTG o8 )Pt St
embodimentsythetrumfityer of painsmr distdmior-fiebedaysrissinoreasad doyiatdbastB¥8 4054 5i1/0,

20%, 25% L%Ql@é@g?%?’?'1@991?;%3‘}7%3,?9&?%/@1'?%? PRYGE S‘E%J&J‘P%QB%%%F%%M&%%

embodiments, the level of pain or discomfort decreased by at least. 0. .3, 0.4 or by at least 0.5
units compRYSHRtEPDErGY aiFeAtEh ety [0S bih dtehe rbotie HICkHEBr aSERTARTE FIBAYHRdVIdes a
method of Ifﬁ%ﬁﬂ&?@ﬂéﬁ%&ﬁ@%ﬁ@%%ﬁ& W&E’%@s'.%&omﬁ:ﬁ"ﬂgy.agm'i‘!ﬂ@”ﬁlggt%@o@@s%%@ need of
such treatment, an amount of a polymeric proarlthccésmdm composition effective to treat the

constipatioi LI igtet HHCaU RS {640 AT B a I ePRB BT ENTD “StBOT rEGRSridsn&fiéreased by

at least 10%28%m300b1140% of BOYo@npustecampaed ialefare treatment. In other embodiments,
stool frequ&s}@c]ﬁ increaﬁsed by at least one box%enl mavement g‘er d% com Ic:xur[ed to before tr?atment.

In yet anothere bodimerﬁ%r,ng gal 1‘?Ié%|aﬁer'?((:3 alléulncrggsvenclieﬁycg A4St Ghe, two, thl?egleor%eﬁ?%dditional

bowel moventstimper wedkredmpalett do'eforeCrearmant. tn Certaimémbodimentsystoeticdnsistency
's also deciaased, | 6. hereds Andnsrease nihe, amauRtolwaler inihe Stogl Ry Adeast, 1%, 20%,
25%, 30%, 40%, gr 58% c'or%pared to ’befo?g})téreaﬁn%%nt. [0 4\ﬁlﬁn anot gr 'eﬁlbog menlf, taé present
invention pfr@@;dﬁegﬁgoﬁqgﬁ@a @ftl?@g{mgflmn spp. by the method disclosed in Example 2, infra, or

disclosed in U.8. Patent No. 5,211,944 or in Ubillas et al., 1994, Phytomedicine 1: 77-106.

[0028] In one preferred embodiment, a proanthocyamdin polyimer composition of the
invention is crofelemer. Crofelemer (CAS 148465-45-6) 1s an oligomeric proanthocyanidin
of varying chain lengths denived from the Dragon’s Blood of Croton lecheri of the fanuly
Euphorbiaceae. Crofelemer has an average molecular weight of approximately 1900 daltons
to approximately 2700 daltons. The monomers comprising crofelemer comprse catechin,
epicatechin, gallocatechin, and epigallocatechin. The chain length of crofelemer ranges from
about 3 to about 30 units with an average chain length of about 8 wuts. The structure of

crofelemer is shown below.



diarrhea associated with a-IBS comprising administering to a patient in need of such treatment, an
amount of a polymeric proanthocyani din composition isolated from Croton spp. or Calophyllum spp.
effective to treat the diarrhea associated with. a-IBS, in which said amount is bioequivalent to an orally
administered dose of about 50 mg per day to about 4000 mg per day of crofelemer. In yet another
embodiment, the present invention provides a method of treating abnormal stool frequency, abnormal

stool consii&Hly or presanerofingiativy asgbehied wititgBSdorpeisivig deninisteimdté-a patient
in need of suchreaifignl 2R AMeYRIAT sROIVIRETGREARNITOGYAM iR comppasition dsglated Jrom

Crown spp. or CdophyHum spp. effective to treat the abnormal stool Qeg)uenpy abnormal stool
consistendyeBiprésensP iRty 458N Aad wigPhsisS sm\WHieH %é@ﬂan%iﬁ%@%?ﬁd@%f@%lent to an
orally admiisipreshdeseohanewhosnainel fayieabeuhdenamaperdnyahcrofelemep. larparticular
embodimenﬁgﬁlﬁqﬁij%te uency is decreased by at least 10%, 20%, 30%, 40% or 50% compared to
before treat o4 "embodiments, stool frequency is decreased by at least one bowel
movement[péstjay compesedterbsidredneatidatidnentear dmbadiments, wtefal corfsistemioylis
increased, i.e,, there js a.decrease in the.a nt of water in the stool b least 10%, 20%, 25%,
3036, 4008 DO T BB L P s A PR R S ey i
decreasedspyrat |ebiste0%,c20% (308 40%corby didbady80% compaled tacbefdretreatmiont.
100421The somppsiiianseldhsinventinhcanie pdmipisterading sivgle.ghadivided sipsage from

one, two, three or four times per day. Ina particular embodiment, the composition is administered
twice daily?in JePahdtheembsodithet, b gddifidrrediaminidteiadSice daily for at least two
consecutivagiays. In yetranothergrabegdinaginteHhe monopapiion.s asminiatened-{ematiieastigeperiod of
time selected from the group consisting of 24#}&urs, 48 hgurf , 72 hours, 96 hours, one week, two

weeks, ondBHA o HbARS AR S THBHI, Ahsednai ARG HRE e <18 S BPA-1BS is a
chronic condttign2theocompgsitiarkis, takerrindefinicel:s§004:3¢ FThe hetydrid froanthacyanridin
compositions of the present invention are preferably. administered orally. In certain embodiments,
owever. fIEHRG QL At SH GRS 2 O e e LA (e BUERS, (ot MANEED to,
parenteral adrmmistatioph@@gl{ inﬁwa_ﬁeimémd:htﬁam&ﬁqtﬁanﬁimcdp@ﬁqheahdmmﬁenwsgpidw a
subcutaneglis), a0 MYERAl (G.d UANAER! 58%5%}31&? OIRREMACIMENS, 3,GOMAOFINQ

administered intramuscularly, intravenously, or subcutaneously. Compositions may be aﬁn%inistered by
any convefiiaritdeitéfor exbstapie bysftsichecpenidsrjeetibactispdBesrprom treitgh pithelial or

mUCOCUtar_f%Hé@oll”H?%e(eg&n ﬁ%u%ﬁa ﬁ@ﬁl%lfs@&{%!iém}%ﬁﬁ@?érﬂydc@&%p@ﬁﬁ&s%@lﬂ&%%@ﬁ@gminiSte“?d
together with other biologically active agents. Administration can be systemic or local. [00441In certain

preferred SBBHTHES BRYRE BEL AT rRERTBAY tHE D SITMEE SrEsRAE ey Aldhs CovRpESisM S
crofelemerdeAG148465145-)pathar prefemediaspaats, erefelemer istadmpiistereddaratlyt In yet

th f ' ts, th itlon is f lated t tect the. ition f th
Stomach oV, eie gt i e s BRI TSl e R T e Gomach. in
a preferrecfmgntmr!ﬁméﬁthagtm ifistratibia i's;bizc@,xaltixsum Mythersqmpmiwmla igogritgdh@pmf@eted _
crofelemer, Q45110 ceHalD prelerted embadiments, ciolelg '@S&!ﬁré?é?él%/ Aapinistergd;in.an enteric

protected form (enteric coated) in a total. amount of not less than about 250 mg/day. As used herein,

about meafiscivithirPthgrsar gt belysctnvsleriticemp ddimemtdlitiendrtbyd coaced erofalgiher is
orally admlﬂi%%%%ﬂ}%%%ﬁj cheuffering fem Gy RRiin &0 ameynt-ifpm-ebeut 28Qmafday-to 4000

mg/day. In other specific embodiments, where the subject’is suffering from_ a-IBS, the enteric coated
crofelemer'ié Bpaiy HimPRSRTa SR B amoGREsE resiateis 58 Ragnddyth REdeHgri 2 thtinother
embodimenrtitheoenietiascoated-erofelemesdstarally administerashie sssubjecidncadoralamrynt of not

less than about.500 mg/day. In specific embodiments, the enteric coated crofelemer is orall
miniater S T UGSt o B b Se o) SaF TS BO Mg other
embodimeptéythesentirio doaiddrotoicteinsaty isreratiyad ministerad to: psiyhject ahdgblegssitthan about
1750 mg/d éévg?%%ut 1700 mg./day, about 1650 mg/day, about 1600 mg/day, about 1550 mg/day,
about 1500 nig/day, about 1450 mg/day, about 1400 mg/day, about 1350 mg/day, about 1300 mg/day,
about 12504%gHay, 120hemyraey, abolelEBoompiasy, rabbots o Oenigidaydas ouveo80megiday, about

1000 ma/dgy raPoul Apimo/day.aRaul- 30 Mt ay.ARRuL AR AR 2Rk 8RR giday, about 750
mg/day, about 700 mg/day, 650 mg/day, about 600 mg/day, about 550 mg/day, about 500 mg/day,

about 450 th§ldd), BBEH ooty dit 350engrdsy 2 ab JE8so gy, Br b SHTEeMhg/day of
orally adminigtere thanienrivcealed esofelamedolniyatareineembaiment Melarigimeoarad
crofelemer is orally administered to a subject in an amount from about 500 mg/day to 1000 mg/day. In
other embodiments, the enteric coated crofelemer is orally administered to a subject in an amount of
from about 250 mg/day to about 2000 mg/day, frém about 250 mg/day to about 1000 mWday, from
about 250 mg/day to about 750 mg/day, from about 250 mg/day to about 500 mg/day, from about 350
mg/day to about 650 mg/day, or from about 500 mg/day to about 750 mg/day. In other particular

embodiments, the total dosage of the enteric coated crofelemer orally administered to a subject is not
lace than aboiit 260 ma abhniit 266 ma ahoiit 260 ma aboirit 268 ma abhoirit 295 ma ahoirit 200 mao



[00461In other embodiments of the invention, the composition, the proantliocyanidin polymer
composition is preferably given at a dosage that is bioequivalent to orally administered enteric coated
crofelemer at a dosage of about 250 mg per day to about 4000 mg/day or any of the doses listed
above. [0041In a preferred embodiment, crofelemer is enteric coated so as to protect it from
degradation by the acidic conditions of the stomach and/or from interactions with proteins, such as
pepsin, presefipils the titomesiijdregeamr8htericnprote etédifiorerulations hulyspesifieehiboctiént,
crofelemer js | let form., Cifi iment is.enteric ted, e.9.,
ELIDRAGIT %Q?Tﬁ% %Fé%é%gﬂlﬁ 0 |mg rﬁﬁtT§ @ﬁ)#(él%‘f@]%ﬁ%ﬁg%rﬁ% a?t%%%& §‘§ ﬁdiﬁﬁtétr‘?éoégga%gd ead or
granule in arcEmticebakaeipdite SRBRONHANOtheFdin bsliimektratofefersepid fomnmatedyin a
delayed relgasg,c@MPRsHER «tBodMRiE (R EMnAIZa KRQRWEYN At (Prleassis BEpariy: delayed
until after the formulation passes out of the stomach and into the intestine). 100481In certain
embodimei’ﬁé,l{%f’ébﬁ?{ﬁ%}gition is formulated with a compound or compounds which neutralize
stomach ag@sjle. mativglyntherpharmacetticalcampasition Geaiaining thenearnpasilion iSain
administered either,concur rgwith ar subsequent to or after administraﬁsior% of ?bpharmaceutical
compositiof WHIEK hECATIE LSRN R A E AR SBRAS SRS ARAETS. SR SR CHR for
neutralizing:stemtachageit mahede plnthacgan ol miteddohadusfindive darbentate nadssaniruted kydroxide,
bismuth subgiale, pismuleubsaliedaje. galeium earhonaie dudexyalunings, gl garonate,
magaldrate., magnesium carbonate, magn%smm ydroxide, magnesium oxide, and mixtures thereof
Compounds:thdarie abfarofdduos tiverséeretionrofatorradh asidkaidzoharenatie baadsemthe acidity
of stomach fluidlafe welliknown.in dhe astand.inglusie: hihareaneb mited.to, Antacids alumigum

hydroxide, aluminum carbonate, aluminum glycinate, magnesium oxide, magnesium hydroxide,

magnesiuni CBPBSHE 8 TBHIS FRrE b & MRS SR b aTionEtainsibniacinabRf Blot ey Stitetidine
ticagamet T dametiding {MyantatonRepeitt % rzatidnetAxidid:ranitiginadantag] o.1preprazole
(ZegeridT")) and a combination of any.of the foregoing. In general, any drug that has been approved
for sale by e MR FHALGVE AT OEREY Sher S aHle T e e BrIE bR O SRR BER acid
and/or reddcerthet atidityref stormachfluidiermbe hdoenistesaddd aombinatieamitkansiniikitor
molecule, sa?lcnr} a;ste%%f%%]mermi]glag%g% nce vgtlh the ma%r}gcégrgfghedinvention. [0049]In other
embodiments, {he compOSi’ffcl)n iS5 aministered with other cOmpo%nu(ﬁls which are useful in treating
constipatio#®¥4dain, whithrcendpdenasiarecpreterabiss st systemioaiipablorbadinSticrrtotpounds
include 5-ARA, sulfasalazine Jnesalamine «HRAZAsRlECoXRRANE 1afecoxh. [R0SONR gRarticular
embodiment where crofelemer is not enteric coated, crofelemer is formulated with one or more
compound§iNaTATE aBIe teitedlied e SRR HEHSMStBRTACH AsiaBlsPaBdtecutiesshéacidity of
stomach flyjdnPreferablys thendesageoherafelamnerimbagivamimthisformmation isa gdogage that is
bioequivalent to orally administered enteric coated crofelemer at a dosage of about 250 mg per day to

about 4000 Ry BEF by A S S R A PR R SO G A8 ForRi B E PILTSI HTRRBECH: ALHIAENEd release
(delayed retease)ccapoditian of (bl frather embddimenis anbydosiionsiefthetaventian can be

administered in comhination with anal ¢ or antizinflammatary, agents. Jn,a preferted emhodiment,
the analgegfécgfn%r%%] acr%‘r'r?a %W%%%%%fo&fr{r%&l%tgde grf%?jr% |é‘ag§ﬁplﬁ:‘ﬁ %f’ita ios%?fo%%ﬁ’bls{tgﬁ’tially
systemicallSébhsorbedy ilesstofh20%6 1594, KObHOT SUsaa96118%), 0961 KstordOrEasabisolbead of the
dosage given, [Q0f2IHhe,PiesenL InvRntian.alse prpyides phasmacayticalfarmations.otihe
polymeric proanthocyanidin compositions of the invention compriSing the composition along with a
pharmaceUtiéatiy seteptatlesyanidet dtatdods twhichié e rayalitically effective at treating and/or

ameliorating@a or morg, syMpLeBs RSsARIAEHIMIRCIBRRRAIBR oldene ampbedinent.adirectly
compressible proanthoc&anidin polymer composition (I. ., that can be directly compressed, without
excipients, 1 E taBIRt Of SRS "4 Ee S Ptab O HBFIHESY HHE HTABHi() ‘i PHes Bt thto a
tablet, optiofalyhwithiambubricanhsimel Bs il et dimitadlo nagdasivmp stearaigristenterigepated In
another en‘ELRQr iment thte p %rmgceu_tical £ompo itioltésqof the invention alternatively include one or
more substanceS That Sither nattranze stomach acid and/or enzymes or are active to prevent secretion
of stomacH éi&¥d] These fopamiatiensichotive:pise parddibynmethsdsdamowh lin théeast,| &g, W, methods
described igyRemingtonTaharmareutiogl REeRcBsetB i the S0 1418 RaBBIMATL: Magk
Publishing Co., Easton, PA, 1990.

frequency is increased by at least one bowel movement per day compared to before

treatment. In vet another embodiment, stool frequency is increased by at least one, two, three



[0053]In another preferred embodiment, the pharmaceutical composition comprises a
proanthocyanidin polymer composition prepared from a Croton spp, the dosage of which is not less
than a bioequivalent dosage of orally administered enteric protected crofelemer of 250 mg per day,
preferably not less than 500 mg/day. In a preferred embodiment, the proanthocyanidin polymer
composition of the present venue is crofelemer (CAS 1484 5- 45-6). [0054]The composition_ of the
invention canfber pradideddlrbawyl therapeaticaty acedptaibp phdrmdedoticakiomemiThe pedamaceutical

Compositiogn%%@iﬁ,%m[%@ts E?Jt&{é}lc Es‘?'&l%?ﬁ&:?&%@%?d?&%%‘ea@ iYL nQt ﬂM@%&%ﬂE‘J& powders,

crystals, granules, small particles (which include particles sized on the order of micrometers, such as

microspheféscanis ficroealpstied) lasaitidts ROftcR Melltid paliidessiiid enmharetder efipilimeters),
beads, migtehgads, pellets, pills, microtablets, compressed tablets or tablet triturates, molded tablets
or tablet triturates, and in capsules, which are either hard or soft and contain the composition as a
powder, pdMBE, bead, EbitidHFBIEYSSERSEAeTh S HAFTALENFEAPESHOOSa TR RS B
formulated:festogal adminisisaientag a slution ansYSPERsianIs ansaauaeds iauid, asaligwd
incorporated into a gel capsule or as any other convenient formulati administration, qr for rectal
minisratBH 5 S oA SRR P BT cBRVE RATISHHE 1AL SmAbeTigre S oventon
can also berpretsdediadsgooalralddneldasersystewhi{seeyepgonisangiaric]l 8804rS aigrioei 245,

1527-1533), {005 ST e SRR SRR D Ao dkls A YRs.cLANaacslcall

acceptable excipients, additives or'vehicles. For example; but not by way of im iluerits or
tillers, suchrabcdestifrdten, Hicalitheiphbsphatersaicanresdlfaterpetosdntaitidose kadtilisaannitol,

sodium chigrideq 4y, StaEch. SRl pSHETRRE rnAsiRl-RANEICISH SUIRE DR DIoRHERIGIAGRYtalline

cellulose, or hydronpropylmethylcellulose may be added to the inhibitor molecule to increase the bulk
of the compPushittAlec Biséared sebrd@istt nbE 1FARBIYSE C8tatchragulatdiigskisderyluicose! dextrose,
molasses, daatesRaBEagiagwn, sadivniginaiBe@xisact afdrishmpessoixinvangu, ghattigum

mucilage olg isaap | husks, carboxymeth Iiceilulose, methylcellulose, polyvinylpyrrolidone, Veegum
and starch"arabbgal ?éﬁ%%ﬁ%é%@ﬁ@ JEOT: ethylcellulose, and waxes, may be added to the

formulatiorj@fa8icrease iis aghasivelgualifids Additionabyitibpeaintss susbtiasibutnatigifachto, talc,

magnesiun, stearaie, caigumLsearate. stearic ad, hvdrogenated vegeiable als, palyethvigne dlycol
sodium benzoate, Sodilim acetate, soditim chloride, feucine, carbowax, sodium lauryl sulfate, and

magnesiumrylélﬁfatéymawwmﬁwﬁwﬁﬁ@ m@ﬂaﬁ@n.ﬁ&ﬂ‘smvgli@amm gwﬂwbmﬁdom&nited to,
colloidal silicen dipxideor Lale may.he @dded 10 imprve thelaw characierisicsaf ahwdered

formulation. Finally, disintegrants, such as but not limited to, starches, clays, cellufoses, algins, gums,
crosslinkedipeyHiats:e0gidisrb B g oS e ErE G deHEN BAId ditfh Biliesh Glyeeidte), wsBgurn,
meth)"CEi'|%@ﬁﬁze%ga&nbﬁﬂﬂgm{eof:eeﬂUﬁ@%ﬁr@ﬂ%%%&tﬁ?}@%ﬁﬁﬁﬁ?n%ﬁ@éﬁﬂgﬂgﬁ?%@?ntglfxﬁfé@ﬂgﬁ )
resins, algini¢ acid, guar gum, c[trusg p, carboxymethylcellulose, or sodium lauryl sulfate with starc
may also S T SR G A Bt the FORFRAIEERY et StifeREENh B aspect of
this embodidngnisteredeiéten imfdgmidatelfamaral rdnministrationp dorot e aspe discdhgphanmaceutical
dosage form is formulated to protect.the compgpsition, e.9., crofelemer,.from degradation by the acidic
conditions Bt e e L S L e P S o stommach
Thus, in a piefbrecehaspecstithe forhuthtidrisentdricaonant dnForcekampldo thevethtériz:ugated

formulation, s exjteric. Gaatad fabletsy heads ar dRnHleR.which aptanely sROMIAR Yhricantsuch as,
but not limited to, magnesium stearat€. The enteric coated formulations include enteric coated beads
in a capsulstgfierie to die dlipTEreepRE s AT e pBIis! BritsAtEshiediems)shedrds srovidsd in a
suspension.ok mxgd ihdeedh whichsuspensionsarepsEtisiatn cenveriantderRedialic in
administration, and enteric coated compressed tablets. The capsule can be a hard-shell gelatin
capsule or ALETTEEE Cailite Ui PaRictat, R piafRsealtice oo SioR eI atdass an
enteric coategdioapseie, hrwne specific aspactigpraamthecyanidipolymeceamnnesitiondsore
administergd in "[lalgl tfo,{hmll whligc tablet i%b?clgflletsl with md'lcrocr sz'gtaﬂine C%'QJLQ,S?{ {00 7&Ip one
embodiment. é%oﬁp%sﬁloeﬁ{}s |re%?f?’co%ﬁ?é’s?e&fafﬂa?ris, Frgrior decreassc by at feasc U4,
0.2,0.3, 0.4 or by at least 0.5 umits compared to before treatment.

[0039] In another embodiment, the present invention provides a method of treating

constipation associated with a-IBS comprising administering to a patient in need of such
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composition of the invention, with or without any excipients, can be compressed into a tablet, or other
pharmaceutical formulation, that has a pharmaceutically acceptable hardness and friability. Preferably,
the directly compressible pharmaceutical composition can be compressed into tablets having a
hardness of greater than 4 kp (kiloponds), preferably a hardness of 8 to 14 IT, more preferably a
hardness of 10 to 13 kp. A directly compressible composition can be compressed into a tablet that has
a friability ofermtanioranthemwin®/elosspin yweightprrefdayhnidss thian®ig8os leSscinwéightandre

preferably égﬁ&ré%%@ %cﬁ%%i@im%%g%.[oow]ln a preferred embodiment, the directly compressible

formulation con of 99.93 % crofelemer and 0.07 % magnesium stearate and is coated with a

methacrylit088fl copolyfidtertraabendiogiatavedtephbodipint  thecpisarfacellies 16fmAation

conta_ins aﬁ‘/@,c%%oﬂﬂpﬁ@%ig‘ﬂerﬁ&@egﬁiﬁ%&)% %ﬁi@iB@dﬁﬁ%rﬁdﬂ{“&%@éﬁﬁ%mﬂﬁ@n?&hﬁoman an
enteric coating; however, the formulation may contain a lubricant, such as but not limited to,

magnesiurf $HE1%XtdS PRSTERSINY PR dlrdedtly QB frekel dprsaTHOB AN 58I fiEd dBnisdSifion
formulationrisdeemulates as-ttaklabalipharmace dicalyacsaptahlehatdness(greateibthard kp,
preferably 8-14 Icp, %%?H)r‘%o%e ‘Brfferabl?\; 10-13 k%ﬁpd friabili% not more_ than 1% loss in weight,
preferably <X Hhal G EYE oL WG REAIR PRora e fTIBR S R D, S5ATBE IV ERIH [0059]In
a more pre_ieﬂmeﬂmmﬁodim@ntmi@mp@siﬂm dﬁcﬁi&esim{emt_idhd& enterincoaied: Ertenowoatings are
those coalings,thatremaln niach n.the siemach, bt dissalys agd seleass ing.copisnipal the
dosage form once it reachés the small intestine. A'large number of enteric coatings are prepared with
ingredienté_fﬂﬁétlﬁﬁve acidic groups such that, at th_e very Io_vv p_H present in th_e stomach, Le. pH 1.5to
2.5, the acjgiggroups agg nRtionizesandihe eRatRe-remALS: ik anHlissoriaied irseluble form. At

higher pH levels, such as in the environment of the intestine, the enteric coating is converted to an
ionized forMa SR HeddiEENVEER FIBRES Se IARBHEFHIBIdRule PEFYT Bnitid fatigs remain

intact until theyrare, dearaded M. eurmes indhespalhiniestinpoandothersbreak apawaler a defined

exposure to moisture, such that the coatings remain intact until after passage into the small intestines.
[OO6O]Pon?ﬁr<;2|:§F\<KH1J%17?'3’reSQ%e?' RO th& plepa Ti&ﬁf‘gﬁ‘é’fﬁtéﬁ‘?"éﬁﬁﬂn‘@ -n%“l%’d%,lﬂ}ui‘@’r%hnéfﬁ mited to,
shellac, starshuand aimydosalasetate: phihalatesnstyrehdamaieitoacith copobrmieyso celulosenacetate
succinate, I%glluégs&ac(gﬁiatr% fggtharlalt‘% gCﬁP , %%ﬁ\%l%%tatg hthaLaget(PVA%)é e
hydroxyprop‘i/IH}eth cellulose pIHﬁTa at ?gra es HPIBOGRG HP-55 f‘ébthnylé%Yledfosré,%cfgf taUt)‘/il stearate,
and methaewfliodeid meithacryticraeid séste foopoiymerswitheh cidabrizaiie groupspiinehuding
ACRYLEZEL: 200 (ELIDEAGHV) s a5, EDRAGITILLA0D - URRAGHT(NRLA0L,
"EUDR_AGIT(r) RS 30D", "EUDRAGIT(r) L 100-85", and "EUDRAGIT(r) L 300-55". In a preferred
embodimefieatRsBhataceltii PONTPUsHIIAEEMETHE 4 DERREHE Proutocyamidireeshipbsition and
the entericgoatingppalymespE UARAGI T() We30khe ananianic senormaeeimeathasnic asid and
methyl acrylate with a mean molecular weight of 250,000 Daltons, In another preferred embodiment,
the enteric ORI BolgmBIEE EY #Rﬂééi‘f‘ﬂ‘) ES5R558 - b6 e dsintRigRatal oV BREntSric coating
occurs eithgnhydvytirolysisnbyritite stinahienzyinesoobytemuisification andddparsiottbypitesalts,
depending upon the.type of coating used.,For example, esterases hydrolyze esterputyl stearate to
putariol an e SO L e L OSSR B TS B B Il Feament
AdditionallyDhile $&kts ¢ofiulsifydiid dispecd dthyeEialdsethydiokypropy resthydcetuloseliofdts and
fatty derivaiiyes, Qther ivpes.oficaatingn e sempved depending an the.fimg,of,contackuith.moisture,

for example coatings prepared from powdered carnauba wax, stearic acid, and vegetable fibers of
agar and efi¢rBaiR!ripaiher stdofBvegatapl fpers b6 fitaistirecantrawel daheatime ¥egyuired for
disintegratign.dependspan:hethickpessalihe coating.andoe safioof vegeiahle fihststoiwax.

[00621Application of the enteric coating to the polymeric proanthocyanidin compasition of the invention
can be accSMphisFE an MERBETKABRMTITRE: AR &b Ol i BiteHc 6 tingS. B dttekathple, but
not by way ofdipitadignssheentaris, polymess Ganbp.anplies:isingeatganic solvent based solutions
containing (i (o 10% wiwpolymer.for spray anplications and U o, 30% i polymer for pan
coatings Solvents that are ’commonly in Use include, but are not limited to, acetorie, acetoné/ethyl
acetate mixturgs, fnethylenetehlotitetmethanol mixtupes, dnd tertaysmixilare sobntairing tihese
solvents. Some.eRISH IS, PolMEC, SR S Mefbagylic asidmetiagils acidestersoppiynsts can be

applied using water as a dispersant. The volatility of the so vent system must be ta ored to prevent
sticking dultatipd §81anh dadyplevenichiy soresise ol thdesating dus e prembedrasprdiadrying or
precipitation, @ i BRI RENARTHE SRV SNLRMAPURIBS time selected from the group consisting of
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[0063]Furthermore, plasticizers can be added to the enteric coaling to prevent cracking of the coating
film. Suitable plasticizers include the low molecular weight phthalate esters, such as diethyl phthalate,
acetylated monoglycerides, triethyl citrate, polyethyl glycoltributyl citrate and triacetin. Generally,
plasticizers are added at a concentration of 10% by weight of enteric coating polymer weight. Other
additives such as emulsifiers, for example detergents and simethicone, and powders, for example talc,
may be addeebtosth® dwatimng idimsr Seehiho sstreagtechntiveriicolisness obtite. toatingnthslditidnally,
pigments may be added tathe contingiinaad calar te.the RhaymassuticahfrulatianJ00R41in -
preferred embodiments, a pharmaceutical composition of the polymeric proanthocyanidin composition
is provide8CEP e tiskitad BEEHESH hard-shell gelatin capsules. In a preferred embodiment,

proanthocymaisiin polynrae headsaie prapaiss v miNBeRHeaANtBoeyapidiRORRESAMROSItioN with

hydroxypropylmethylcellulose and layering the mixture onto nonpareil seeds (sugar spheres). In a
more prefBredemMBSmHsHE=Crorfeniar Wﬁ%ﬁ@ﬁ%@gﬂ%&sﬁﬁyﬁ%ﬁéﬁ%@%@%t&

additives oowvgbities othee thasnanredtdidscoating; inmilddand fiachonstadinid:bedds @.e., as beads
that do not contain the nonpareil sg%aar seeds), The beads may be ¢ ovaeoreiwit a seal,coat of Opadry
Clear (mixéd with wﬁe%ﬂ preferred Bnteric coating of the beaas s "euD TR 368" or

-ETID RA@lm’mMsm_ 3@&-&55_'1139:@1% asb@diaqu*eo@s dispession ¢oritdiming26doi8086wsivuldriy polymer
substance, whch, 3 RHRRIEh 0,68 Sedit Rt yitate. Nz iRt SLa80% ¢ 316 Ralysarate 80 NF

(TweenTM 20) as emulsifiers, to which’plasticizers, such as polyethylene glycol andlor citric acid

esters, ar&atide@tocimiprdte thaisteitgr obehls dolEHe Rt tEIeoER T dhRlad 4B Yets eothe

tendency gphihe.emnterss coalipg polymer teaeoitinale apalication Nragres.anetp ngraasedhe
smoothness of the film coating..Eé)GS]ln g}freferred formulation, the final composijtion of enteric coated
proanthocy/ B PEfy IPRTRBMPOSRIBIT Hros CORtaiiy tHE RorsEelsSelas KR P3% WA honpareil
seeds, 64&%adw proanthocyanidin polymer composition, 1.5% w/w hydroxypropylmethylcellulose,
0.5% w/w ry clear, 14.5% wAv_"EUDRAG11 IM L 30D", 1.45% wilw Methyl citrate, and 0.25%
wiw glyce@f?@inostea%tg?ﬁ% Bﬁg?rrﬁeégg@?@é%‘%e%sul%ﬁgﬁe RS BE ﬂ)%%%%]r%% 6y€aﬁ9ﬁ?ﬁ5?ﬁ8d known in
the art or byothéhmethotrdesoribetan & xanfiplents afre [0B863A prefcnedHormefeation ofpthes,
proanthocyanidin pol omposition.b contaipingth areil seeds is. 78% directly
compress%zéaeg%%%tﬁé%%ﬁ?a%%(glé%n&?2[ Sggl{%l%_n ?%%I@ %o?ﬁ%gfgd%yetﬁ?é’ r?%t% %%é%\/é%vm the
Examples§ompbdsduvsicisOpadnjecidag, chomaonivr EUDRIKGIPTNGL S0D:EBNent.ons. trfethylteitrate, and

0.34% W’W&Y&@Mﬂ&%ﬂ%@éﬂé”%@@@ PRA‘MARRING] formulatian m%&&%&fﬁp%ﬁ%&}h@ﬂy method
0

known in the art or by the method described in Example 2, infra. [0067]Another preferred formulation
contains SYBEUSHTRTTIORY thElcP AR dR SBRATEP B HIFdSitIATSea s {RtRBiElBIpared seeds and
made of ajgirgsjtly compressiala prepmthocyanidimaaly pergemaonitienlyl « 8% wie@padsy Clear,
39% w/w -EUDRAG114 !(\g L 30D-55, 3.9%dtrieth)élci rate, and .742/9 Iw g cery, ] monostearate.
100681 In“BHGthEF LR S REAEHHE phAHHHAB A BMPEL oA EStipFging e %o yHIig”
proanthocyanighic iconmposit sesiibentionns formidated sspatdiic: coatbohgrantie siacmpowder
(nicrospheres with 2 dlameter,01,309:300.) providedin. cithac hard:shell gelatin. capsules of
suspendea In an oral solution for’pediatric administration. The erfteric coated powder or granules may

also be mixea whthfao8 medicuad)dd mpediztde eliatimstdtombRdisnorép arhtioritmayecprepared
using techpigueswellkRowR inthe.ark such-a3ibemethed descriehniExampls Libodnfrar [0069]In

general, the granules and powder can be prepared using any method blown in the art, such as but not
limited to, &y a4 afigRe dpydy-ihgsHany hstisd W‘@@ﬁ%ﬁﬂ%ﬁ%@ﬁ?@ﬁe%ﬁﬁ?ﬂ&éﬁ%}@%h speed
mixer/granulsiary Baampes-afibighapead mixergmpuiatass inchidedha dobid B mIRRL QDIGETM"
mixer, the "L1TTLEFORD LODIGETM" MGT mix % ranulator, and the "GRQQAL'I:M" mixer/granulator.
During the FEHESRERP HETAEY (AR SSTHtAS o O ARGIRUNE Bob R S el B drl rayed onto
the powdemioeausd:the gowdeipagidesttoabggl ArEr aig/dhudifatiningnibrgenpastidescatzganules.
Granulating agents wich ate uagiul {of RIERarng N Granuless AU 4e.RU e 140 me/day,

about 1700 mg/day, about 1650 mg/day, about 1600 mg/day, about 1550 mg/day, about 1500
mg/day, about 1450 mg/day, about 1400 mg/dav, about 1350 mg/day, about 1300 mg/day,
about 1250 mg/day, 1200 mg/day, about 1150 mg/day, about 1100 mg/day, about 1050
mg/day, about 1000 mg/day, about 950 mg/day, about 900 mg/day, about 850 mg/day, about



limited to, cellulose derivatives (including carhoxmethylcellulose, methylcellulose, and ethylcellulose),
gelatin, glucose, polyvinylpyrrolidone (PVP), starch paste, sorbitol, sucrose, dextrose, molasses,
lactose, acacia gum, sodium alginate, extract of Irish moss, panwar gum, ghatti gum, mucilage of
isapol husks, Veegiun and larch arabogalactan, polyethylene glycol, and waxes. Granulating agents
may be added in concentrations ranging from 1 to 300/0 of the mass of the particles or granules.

100701 Thespowdedat ghanules) ang/frefeitably tiategl disingSihenfiiieiz etde & uiprientadde granules
or powder then be cav with.a seal ¢ f Opadry Clear, {mixed. with.wa A preferred
enteric coa?%@%ﬁ%& I mnffgﬁb'agﬁ%{l)ig%ﬁa%l Pﬁégqﬁe%%%lé?s%n jsqa% 3%%‘%‘;?’:{).’&; b Wiw dry
polymer substanae) Wﬁféh}fi,scg@Qpiié@ﬁ@iﬂ%@@/@é@tﬁmmﬁm%@m(@tfj@ﬂ aﬁdekzi}%_-d@lysorbate
80 NF (TweepTme ) Ascsmmsifiens whichha elaicizarss palysiuensaveel andgittc;acid

esters, are added to improve the elasticity of the coating, and talc is added to reduce the tendency of

the enteric EbATRYPATOMEP NG ML BUIiNY e/ dBpllatibe provetnans thasareassared

smoothnesgef:ib@dHm ceatingahiaseretered ampedinentathafinat ecrmpasitionaf aerieric coated
powder is 81.8%./ w. Wproanthocyanicliizryl%)olymercomposition 1.5%wiw hydroxyprg{glmethylcellulose,
. I

0.5% wviw BHHA) EES F583 AR B D REER HAIO%0S Y0 R W AR Ttk 488 S dD. 259%
wiw glycengbmarosteayas:, Thenfitabcavipogition of ibeuesEriagdate drgranbies ISBhGUaivivv

proanthocygnidin pplymer compasition, 10%.polyvinylpyrrolidone, 1.5% w/w o e
hydroxypro‘%i/(fﬁ"%le E?/Ic%ne%/u c}ée?rg%%] %81§a%?@/ &gégr%gf%%@ o%?wjﬁ Lii5 "'GIIPT?n 3%‘0 Eﬁ%% wiw
triethyl citratebadicherzs hevintdtiljoey mofiostetrater 00y LiTHeraeterielboateuysamedesor powder
particles can {uther e SUSPERIGHIN SOIHREORHQK O ARMIRIIAIO R PASHIAY for Pediatis

administration. The suspension can be prepared from agueous solutions to which thickeners and
protective éBHoMSHIE AdvfedRtelintréaie thewidbdsiss ditne?36Itontie préveng relittsedimentation of

the coated poyyaesParficles.araranessAnymateriabaicRineeasesthesstrengtaaf ihe hydration
layer formed around suspended particles through molecular interactions and which isii)harmaceutically

compatible 4RH the ifibitet Fhdleciie eBrrbd st 2Pathidtetmsr, Listh 45 dignaithited 15-gelatin,
natural gumsde. g dragaesnih sxanthansguals aeaeiabpanwarnghatineteds and gelulege derivatives
(e.g., sodium carpoxyrnethylcellulose, hydroxypropylcellulose, and hydroxy, propylmethylcellulose,
ctc), OptioREl, & QLA Stch BE- Utk i g B2 hGHIBETEs st PR OF trEnickening
agent. A pretﬁemeﬁﬁﬁus@,eﬁisiunﬁtﬂuﬂgmmatﬂoﬁ_wﬁg hydme)ﬁypr_n{gylafmetmd@é_l luin sésalgionmg. water
containind St Jean Mol TaIThe RS OANIACHPAL SRTPRsHALCAN Aot Rs gnuated

as enteric coated tablets. In one preférred embodiment, a proanthocyanidi lymer composition is

granulated #ehtanyy phearpbaskutically. abceptalilarngilubar(siéheg thosk Jktadmisbos) BYttheemethods

described %%M?i@ﬁﬂg,pﬁﬁm ihe H@%’&% her, E%&E@@yﬁgr%ﬂm&%ﬁdﬁm tahletg,using any
method well known in the art, for example but not ﬁmned to, the wet granulation method, the dry

granulation®Rf&thdtd dPha ikt tBtAptRagiol TBtholoBréterad ditehtdthelgd Bt Bl Hdt limited
to, microcrygiatting cellase " Ad Gzl Twode H5200£3000and dextratest(AENBE XD . 48ddignally,
disintegrants, such as those described above, and lubricants, such those described ahoye, may also
e addo 1618 AdPRoRROIRCER Rep Rt e e RTh IR S St SHoat iy i
polymer coatpositiongig,mboat thid dignibguait TAGCH ISOLTMS (o shdmketh sodiwmut 600 mg,
carboxymethylcellulose), 1.7 of the lubricant ma [ tearafs the weight of."AVICELTM
PH 200/30(5"%@0%%35’ t%%glrlﬁn%]%gg i%é{r% @téngﬁog};r%ﬁg &%Eésn f%iba[g}l(fg1 t:%é cgngfe%?b%#ht%fon %‘%’Eeric
coating mixtbeetgreparadetroih FH0gzanbsELD RIZCITTUR PR 300-85%07 . B0§ramsaiathyP cinate, 37.5
grains talc 99&1?@55%@]‘%‘6’1%"%0%@ formu @P&QQM@Q? @J@Qﬁgg?gb%ﬁtaﬁ%ﬁ @%ﬁ%%@'k@f%g‘! nin the

art. 100731In a p’geferred embodiment, a directly compressible proanthogygradin polymer composition
is made int8YHANITR NGy 28 réefl Btbri{ewy. 76 HasePbdd’ b &ie) RRdt miseBigviftve fubtic A,
prefﬁr%bly, ﬁBS&n%%‘gﬁSm{@;@df hen at{@@gwbeiqaf%&raﬁmd@ﬁ%@mm@ﬁmg a&@t&hlgt%@,sing any
method well-known.in the art, for example but not limited t e direct compression method.
Preferably, ®56h t4BIBtEs 12" goeaﬁtﬁa?ﬁbl%éj.é@%s@&waigéé@% reSsiblas é‘ﬁ‘fh%%%?ﬂdin
polymer conhposiithrand: 0c40%6 dvkie nagmesiinmstedkate3dhentableist esthen gprefegliyhggated with
an enteric coati ixture, of % suspensign (6.66,0 in 22.22 g) pf " RAGITTm . .300-55 ", 0.67
ety HBEL L7 P 0o s eaha (e AR . Phe e o be
prepared bytany Péthigd Kowhlio tie abtol BlStmegmbtivd @ Heswibdguh Elanpleb0E, #anfo074]in

another emboglinaRt, 2 difeei smpressinie poRnthosYRRIdInROYTGT 955 me, about 960 me,
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composition formulated into core tablets of zither 125 me, 250 mg or 500 mg containing 99.6% w/w
directly compressible proanthocyanidin polymer composition and 0.40% Ww magnesium stearate. The
tablets are then preferably coated with an enteric coating mixture. The final composition of the tablets
is 86.6% wi/w directly compressible proanthocyanidin polymer composition, 0.4% magnesium stearate,
6.5% "EUDRAGI Ill M L30D-55", 0.9% triethyl citrate, 2.87% talc, and 2.74% white dispersion. The
tablets carnbeiptepared dhyvany7meathothkaoWis imghetaxi; fR0axampleboshetdinmied teothenmethod
described infra. 100751 The composition ed into small particles (which include particles sized on
the order o r%%:?ér%e rgr, %ﬁtcﬁsgé%f‘hr}éi#)é} lé;:fp %é%?%h%l?ﬁirg?gggposfut%ésfgbrg?ﬁags Which include particles
sized on tH8WEer of millimiwaretadigenistdlgepattetsopilbandmmicroiedis mambecoatethusing a
fluicizedbeg ppeess Bl prosessusen (uidizae-hed euipment, suchas ialsrlicdy,
"GLATTT™, "AEROMATICT"™, "WURSTE ', or others, by which the composition cores dre whirled
up in a clodd@siAtadcatvissensd srefebamsiottairdisasuatebriom basweney the SaEritdedat is
formed by siray,dnying Hraniadhe cores.duning the  zation time. To coat tablets or capsules,
Accela-Cota cgating equipment (-MANE STYT™) can be used. By this process, the tablets or capsules

are placed ¥ totating ByHREFHEHPLGRRRY FAR Wit s TP ARaT A CRBAE SpIAPIG thift& & installed
within the gagraladdhe-dbiaicigidrawaiinibrolgh themaihting talkicts oiteapsolessAnyetbekstype of
coating pan %uch as the -CONIPU-LA%T""ﬁgﬁar}, Hi-coatis."GL ATTT." 'murlr_i]z%rsio sword process, the

"DRIAMT"S rlc%a?g?,s msﬁfﬁﬁﬁ‘éﬁh‘&&rﬁ Og(}qummgﬁt?mﬁf:l eﬂﬁ@rﬂfﬁ mlgawpr%nenﬂ &r® THERT™

equipmentemé@@@ﬂﬂ@@&@@ﬂ%&hﬁh@ﬁ@mg@uﬁt@@&m latan:imsann‘llthéri:nwenﬁmmm_m z_a',isso be
used to tregh G; RS0 NN heman ARalS 1 PATEHAKIY DRI A E*@ééfe?%@r%? f%?gﬂ%ﬁg‘éﬁ?d o,

bovine animals, swine, ovine animals, poultry (such as chickens), and equine animals, and other

domesticatEceaisinlgaktichead engira bnimilsalvt feined amals. shePalticorihethsnbhdimradeutical
formulations-gfithe:-inventionaan Peugasior raal e IBm isrRse i Nal:Nymananinals: palicularly

food animals such as cattle, sheep and swine by incorporating the pharmaceutical compositions of the
invention iR REERNiFEPSHs PR IREEG UG o TR RidtiBudE P pssanahlentionathe
pharmaceyfigahcomuasitions. of comprising polymeric proanthocyanidin compositions of the invention

are administered to a subject in a tatal,amount that is bioequivalent to nat less than 50 mg/day of orally
administerg'}(? %gﬁeric pr ?e%?%”&r%‘f%l%?ﬂgﬁnfﬁ e SHERSHB S %f’%’ﬁ%rﬁ%%e%t‘fgg}p@% Sitions

comprising:crofeberdeware adnninisteraditadh siebjectliarasiashouht: ofthetwean abautngaigoper day
and about 4000, me/day. J0784In determining uhsiier s sibisq hae constioation-predomipant 1B or
alternating diarrhea/constipation predominant-1BS, any method can be usecflr%tﬁe art to lagnose the
subject incidaimgstsionat|mbed e R omepistiitarishioh diagnbsissofiifabidbSwapsyndsome
(Thompsog, ghak,H8R%™Cihith (RURRIRIO iR AR) Brigl heaRemad! dirgnosticigrierda state

that for at least 12 weeks, which need not he consecutive, in the preceding 12 months of abdominal

discomfort'®r PARFTHER KPRV of e Teathyde ity rdiePititnsHamEdto i sitifo s 1y b Bt associated
with a chaggeiifirregusney-of staoliratgd@imiBkensetiassodaledwith aehange:in farpniappearance)
of stool. Exemplary symptoms of ¢-IBS include pain; abdominal discomfort, such as abdominal
fuliness, BRARHE, SHENLE ABHOHAF oTGEF PR AT € ERRTERFLD bREPIRBOdRAbrts per
week; hardier dtinpy stdots; $traianing durifigabasiel drioyedre ntr U el oy axdddedingwdincomplete
bowel movement. For example, abnormal stool frequency, e.g., fewer than three times a week,
supports tﬁ?e{%%élnggullé? 0 %I%%l %(%%rﬁlpllgrﬁ a"seyrﬁrﬁﬂgté:irlns18{‘}f ;513 %Sbtllrfcfﬂ%él'cf?er}%nd%%f{?éwdg?dtﬂgﬁ three
bowel movehwantspehyisekidperidusiomoretiatthr e el Woweimmetentelsts prestesusomstitnes hard or

lumpy stogls, Somelimesoase opuARNAIlbsiRINGAHANG A howE! Mmavement; urgensy. feeling

of incomplete bowel mévement, passing mucus durlngra bowel movement and abdominal fullness,
bloating arftPEwHiny b aHERtS W h o SIRE BetwesHESN StipAabeidng didfedsntvefcargiient
abdominalpaindand disromforimith Roth REFN I TIQNSAA0 791dalpssotherwise definaednalkrterms of

art, notations and,other scientific terms
any or} the I}oregomg. In general, any drug that has been approved for sale by the relevant

government agency and i1s able to reduce the production of stomach acid and/or reduce the
acidity of stomach fluid can be administered in combination with an inhibitor molecule, such

as crofelemer, in accordance with the methods of the invention,
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or terminology used herein are intended to have the meanings commonly understood by those of skill
in the art to which this invention pertains. In some cases, terms with commonly understood meanings
are defined herein for clarity and/or for ready reference, and the on of such definitions herein
should not necessarily be construed to represent a substantial difference over what is generally
understood in the art. The practice of the present invention will employ, unless otherwise indicated,
conventiorjab4eghniqueinaitheo leatitathinto gy inaiusting ¢e ¢condhiirasttet hnif uds), miafelicdegy, cell
biology, bi%%l&mzi%nﬁsgg]?%ilc agi% %h%miqs{}]?gﬁggdoirmrgi%n%% chcbx%:?h ar Wai}hin te ergléill o&‘t e art.
Such techniques are exp alneg‘ﬁij R/’in(t) e hterature, &itn as, ufrent Protocolshin mmafnofbgy J. E.
Coligan etsakteedsally 90 timdudiinl supplande mis! tikodight 2080 fa Blament Restbouls:inisl2aular
Biology (F .M. Ausubglekal,.gds., 1987, including supplements through 2001); Molecular Cloning: A

Laboratory Manual, third edition (Sambrook and Russel, 2001); PCR: The Polymerase Chain
Reaction, {3k eral.. &83. patoulpr pRENSEMEH JEkaa 1A ERIBIOR (D IVRaCcsgaistogrisHmeEss NY,

1994); Biogonitaaif.d sanignes: (redchnipainmaneanedu Asadamic Rress 4896 rMethags of
Immunological Analysis (R. Masseyeff, W. H. Albert, and N. A. Staines, eds., Weinheim: VCH Verla.gs

gesellschaft it T8k, P &7ibr At Ak O5aTgrenhitblsLrairas: 418 HoMaR GAISESRESFing Harbor
LaboratorydPsessyaalttispingitdatbans N osak99Ritand Beaucage et ahlleddmalreent Bretacols in
Nucleic Acid Chemi John Wiley & Sons, In ew York, 2000). 100801As used hergin, the term
'derivativep‘(|Df@'%%||£|iecf:"r3(')?‘?%{%9%"(}{3 0 gano%%éﬁ%'[%gﬁggg%%ﬁsd}&%/%?fve e?gr%% t%&a%(gog)oﬁng gfegre(lg}ﬁ% oﬁlir%rganic
molecule thratriplformecbbdisethiv porfdkestructurendh g dinst orgarrictled indegsnidshotetntézsdetlerivative
of an orgag&gn%ﬁ%!e includes, but is not limited to, a molecule modified, e.g., by the addition or
deletion of a hydroxyl, methyl, ethyl, carboxyl, amine group, esteritication, alkylation or
phosphoryi8#3H, immoBili2stisrsopadaitsh drageenmeiore0s thnis vrseneraiks adiatperpblymer”

refers to cmﬁ%féﬂmm%@ﬁe&raﬂmwmﬂ@m@ i&g\éﬂtﬁ&.s Mﬂiﬁhﬁ%ﬁ%@@rﬁﬁg(ﬁﬁé@ﬁ,%@”ﬁerem-
Thus, -polymer"” refers to high molecular weight and/or insoluble polymers as well as low molecular

weight andfbH ESTE0I ofifbMERTIaED 1788 tsét Fafamatarma "dupeitd arifipdifdntt are 0¢kd
interchangeablyxhs vsed:haceily bsoterms ssubigctbentsisubects’.refar toananimabrpreferably a
mammal including a.non-primate (e.g., a cow, pig, horse, cat, dog, rat, and mouse) and a primate
(e.g.,a m(ﬂgﬁg%iegé%ﬁ}?sdg%%%% gous monkey, and a human), and more preferably a human. In a
preferred ¢tdisaHiment, The subject isachtmnanlsin arongamiiadimenttjdhle fem)Isudectifexeludes
those subj who suffer from or. have been ggi ed with secretor ute) diarrhea. 100831As
used heref%%&?%?grﬁ{gﬁﬁé%g}"ﬂ%%?rﬂ% tan 3?2%?%“ e té?l%f the n?%l\%%ﬁgr@)li,né)galcgt?gnﬁ%g?ﬁelioration

or eliminativithof alyymiptemcel vonnshtation i d4B8 . 1 o84wiTtie ifeimrapeaticmtion! edvetion,
amelioratign of,liminafion af 2.8¥BRIRMOLE:BS iR dRE GE-AT1he RIesent inyertien rpfers to at

least one of the following, prevention of c-IBS before it occurs, for example, in patients that suffered in
the past reTEHBE b ire RO R TTRCEHO BFPIRTOH e G BPESABI EHed Bl bis
determinediby: it @xprankel, thehkeiumcgfi aasmabsioghiresueneylicelininption gfnalhassesiated with
c-IBS, reductjon of an undesired symptom. of the disease as manifested by a decrease.in the severity
of an existil CHHRIIO P BT G AR oo Y AL P Ao eI LTISE0  reating
the subjectnidgnesieductionsiz.the uadesiredosyriptom magde eeteidiinesd b fopkxam@leticakasuring
stool frequeney, SeRmiping. steel ansisienci, detspmining ain, assecialad it c:{B5. Ay amount of
reduction in severity of a sympﬁom, even If someé of the Symptom remains at a lower, more
acceptableustrel:ghidmagdnaert ydsoe soaypassed bycthia terprherdiredetined Slishessmediation may

be evidentgg andngreasedo sioohiregquency. Isssenipa.oknain, 10081RinceL-Bs isAWaNS

accompanied b_éqother non diarrhea-related symptoms, such as abdominal discomfort, pain, bloating,

fatigue, slé@[ﬁcﬁ‘ Gmafﬁﬁ@_@%@@m’ ciences, 18th Ed., ed. Alfonso R, Genmaro, Mack

Publishing Co., Easton, PA, 1990,

[0053] in another preferrad embodiment, the pharmaceutical composition comprises &
proanthocyanidin polvmer composition prepared from a Crofon spp, the dosage of which is
not less than a bicequivalent dosage of orally admimstered enteric protected crofelemer of

250 mg per day, preferably not less than 500 mg/day. In a preferred embodiment, the
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headache, fibromyalgia (muscle aching), dyspepsia (upper abdominal discomfort or pain), chest pain,
urinary or gynecological symptoms, anxiety and depression Reduction in at least one of these
symptoms is also encompassed by the term "prevention reduction, management or elimination of a
symptom or complication of c-IBS." [0086]As used herein, the temis "treat”, "treatment- and "treating"
refer to the prevention, reduction, amelioration or elimination of a symptom or complication of a-IBS.
[0087] Thetesthakeyentionlvedtctigpoamelioraliopretalimination of agymatonraiealBGs4n the
context of ﬁge aEjresent invention refers to at least one of the following: prevention of a-IBS before it
occurs, for x6 mple, in patients that suffered in the past from a-IBS but are now in a period of
remission;j@lifdination oftestablishetdonsBS fas wetarimineshbly; fprcekdmhple athe thetupawafcaiymal stool
frequency); elimipation. ol Raln assarlaiefiin ailBSyefucion of an.undesiied symplom,of the
disease as maniteste y a decrease in seve%%y of an ex@%sng condition of & 'élimifiation or
reduction efloHestrhidresmedications Usecin irmathdgiohdmgbjestddheassabtigmamtbe wnulsired

symptom may be deleemined. By piof axample. measwing Sionl FEURRCY Rter ’H\Q{&ﬁ{%%k

consistency, determining pain associated with a-IBS. Any amount of reduction in the séverity of a
symptom, &b HIFSSARSIOFth i ptorfTsmansiide 238k moié aedbptapleriebentimatesigbment”), is

fncompawl Qhﬁhﬁ)ﬁﬁ%ﬁﬁl,@!g%%%&j}‘gﬂ%cﬁﬂﬂgéﬁml@ﬂiﬁi@&m%m% @a&iﬁg@i @hﬁlﬁ&éﬁqﬁ%@” stool
requency, lessening of pain. ince a-1BS is always accompanied by other non
diarrhea/cfﬁg Ptfﬁacﬂog‘fptlgﬁl‘fé‘a“ i fBE: SHRNSS ABISH S DRSO RHSHODARE BiSaty2tigte, sleep
disturbancesnsestiah dysfunptied:heagache, flarhmyalgia (musapashing)THy spepsiacuppel
abdominal discomfort or pain), chest pain, urinary or gynecological symptoms, amthety and
depressioﬁ?ﬁ%%%%%ﬁﬁ% a:% gjfsfgéﬁnég §" %’ée‘%%}yr%p o%%gl%ugpsgsed’n%%ﬁrhﬁ%’als(geﬁlﬁ)y e }éelrrh‘ﬁbrevention
reduction, agemaigdiert arselimimationwofposynaptom or gdnpliedtion ofsaaBSotje080Asused herein,
the term ' TOaARRNICRL RGN oY iy (E(EIPS IQUNLSf s therapeylic aggntgyfficient to
result in the treatment of c-1BS or a-IBS, to prevent advancement of ¢-IBS or a-IBS, cause regression
of c-IBS of aBSeHr tenldscoopiriprovecthdtharapboticaifebyyopanpibértherapsuticdgent
administer%gget@%&r(pg&vee% EahBer ol andBR . JNQR0IT hesdellpying series of Examples are presented

for purposes of luson and naot by way of limitation on the scope of the invention. EXAMPLES

EXAMPLE %8R Ep ARAT SR Hre B AR MAREU ML FO RMUEATIONS pdobepesditsedsbelow are

illustrativeanethasls fardipermanutactdeandparkading feudifferent praferedpharmaseical

formulationg,of fhe piganthocyanidin polymer OSSN fom G, lechlar ageording g the presen
kaolin, mannitol, sodium chioride, dry starch, sorbitol, sucrose, inositol, powdered sugar,

bentonite, microcrystalline cellulose, or hydroxypropylmethyleellulose may be added 1o the
inhibitor molecule to increase the bulk of the composition. Also, binders, such as but not
limited to, starch, gelatin. sucrose, glucose, dextrose, molasses, lactose, acacia gum, sodium
alginate, extract of Irish moss, panwar gum, ghati gum mucilage of isapgol husks,
carboxymethyleellulose, methyleellulose, polyvinylpyrrelidone, Veegum and  starch
arabogalactan, polyethylene glveol, ethylcellulose, and waxes, may be added to the
formulation to increase its cohesive qualities. Additionally, lubricants, such as but not limited
to, talc, magnesium stearate, calcium stearate, stearic acid, hvdrogenated vegetable oils,
polyethylene glycol, sodium benzoate, sodium acetate, sodium chloride, leucine, carbowax,
sodium lauryl sulfate, and magnesium lauryl sulfate may be added fo the formulation. Also,
glidants, such as but not limited to, colloidal silicon dioxide or tale may be added to improve
the flow charactenistics of a powdered formulation. Finally, disintegrants, such as but not
limited to, starches, clays, celluloses, algins, gums, crosslinked polvmers (eg.,
croscarmelose, crospovidone, and sodium starch glveolate}, Veegum, methyleellulose, agar,

bentonite, cellulose and wood produets, natural sponge, cation-exchange resins, alginic acid,
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IA. ENCAPSULATED ENTERIC COATED BEADS 100921Detailed descriptions of the batch formula
and methods used to prepare the encapsulated enteric coated proanthocyanithn polymer composition
bead formulation based on sugar spheres are provided below. Each hard-shell gelatin capsule
contained 250 mg proanthocyanidin polymer composition enteric coated beads. Capsules were
packaged in HDPE bottles containing sixteen (16) 250 mg caps each. The formulation for enteric

coated prearghecyanic/mpolmekcompasiinmbeadscontaingd 1435 (v ef nonpargiseeds
(sugar spheres 40/60 mesh, Paulaur, lot #60084060), 64.5% proanthocyanidin polymer composition

from C. ‘?ﬁ"f.@f%lﬁﬁmm%ﬁﬂﬁﬁb‘?ﬁﬁégﬂmg%u@ﬂé‘ﬂﬁgféé’?tﬁ%rffremium, Dow Chemical Co., lot
#MMO41[0084 E), 0.5% Qpadrypcdeasi GhloreaihdditdnB 303} b % "ERRRAGI TIN| &rd0D" (Rohm

Tech., lot #1250514132), 1.45% triethyl citrate (Morflex, lot #N5X291), glyceryl tearat

(nitor BB COA e, 20002 005 P B ISTa (b AR IR Bating

solution wnmmmga,tla@.pmafﬂhmyaﬁlmm@@mdaémmfi@smﬁﬁmaaqﬁepa@dkwmw and

hydroxypraRMmeIRYIGR!ios s e.RipAIIAGYaRidla oty e ERmAPSHAN 1f puliadupter (USP)
(0] e the

and mixing until dissolved. The nonparell seeds were loaded into the product bowl of the fluid bed
processéfiitioriheefisioH aCoate LI polgiier Solrenmastiserniajereeksd thermdaparels seeds by

spraying:the;sQlutien qpiathe fluidizedpanparsisepdsnaladaast bacipmpstanye 8iB3R85C. Once
the proarttho%anldln polymer Iayerlr;lﬁ?gad been completed, a seal coat using Opadry Clear (preparing

by mixingHE D PR esiag WithaBuifie FVPERF U PIaE dspRdacldR shisigscnsd dtBerature of
30-35C. iAflesihalseatenatonasiapiiedithesnallets ek disshasgadpmnt seigeradtakeagh 1000 p
and 425.B[screenms, and the Ia%/’gred pheres I!a{w%?r than 425 p and §m%'han 1000 np \geere charged
back intd"tHe TR B proCEESSr. Kidaiifid! e SHBAE IS5 NG SBNSHRWas BrEparaY BY mixing
tnethyl citedtgranddgiyoenghmmriostesirate ¢oaedtentivat had hblets hERtadtenE5Crabe theardnixing this

solution with the “EUDRAGI1TT 2 TNeresulting epterie coating solution was then sprayed
onto theg?g‘yﬁeéé‘gag%%é%gg?ng{h%%&#ﬁ%%[c)l%%‘ 6?2%?5%(1)?@2%3 %é%fggn%péér%]%%& é%%é@%%luntil all the
enteric coatmbpisdlation wasiayertd orptivécbbnds: Basd erpine repuitsbbeyentil Bhsseay indicating

that the praanthogyanidi ROITIENCOMPORLRN WASRIASERt &1 LANCENTANIAN 01 G220 he enteric

coated beads were hand filled into a Size #0 hard shell gelatin capsule to provide a 250 mg dosage
and therfBl8REged into a suitable HDPE bottles with a heat induction lined cap. TABLE I: BATCH

FORMULgh#3oduct: RrognthegyanigdishPolmesmnigisCratest apds Batetieizeib#8i9gme Raw

Material c%gggs%gasg ﬂlpe(?zrn%%tuc?msxgi arOINW?i {%rteeyn? Q}Qgg?gﬁty 5&484%932'131316553(1 into a tablet,
or other pharmaceutical formulation, that has a pharmaceutically acceptable hardness and
friabilitv. Preferably, the directly compressible pharmaceutical composition can be
compressed 1nto tablets having a hardness of greater than 4 kp (kiloponds), preferably a
hardness of 8 to 14 kp, more preferably a hardness of 10 to 13 kp. A directly compressible
composition can be compressed into a tablet that has a fnability of not more than [ % loss in
weight, preferably less than 0.8% loss in weight, more preferably less than 0.5% loss in
weight.
[0058] In a preferred embodiment, the directly compressible formulation consists of
99.93 % crofelemer and 0.07 % magnesium stearate and 1s coated with a methacryhic acid
copolymer. In another preferred embodiment, the pharmaceutical formulation contains a
directly compressible composition but no excipients, additives or vehicles other than an
enteric coating; however, the formulation may contain a hubricant, such as but not hmited to,
magnesium  stearate, Preferably, a directly compressed proanthocvanidin  polymer
composition formulation is formulated as a tablet of pharmaceutically acceptable hardness
{greater than 4 kp, preferably 8-14 kp, and more preferably 10-13 kp) and friability (not more
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100.0 gm Proanthocyanidin Polymer Composition 372.8 gin H drox .ro'vimethylcellulose ES, USP
(1(29/32) 8.7 gm Opaciry Clear Of S92 _,) 2.9 gm "EUDRACTUFTM L 30D-55" (30?/0 solids) 279.4
gm Trieth 4 Citrate, NF

than 1% loss in weight, preferably less than 0.8% loss in weight, and more preferably less
than 0.5% loss in weight).

[0059] In a more prefarred embodiment, a composition of the invention is enteric
coated. Enteric coatings are those coatings that remain intact in the stomach, but will dissolve
and release the contents of the dosage form once it reaches the small intestine. A large
number of enteric coatings are prepared with ingredients that have acidic groups such that, at
the very low pH present in the stomach, ie. pH 1.5 to 2.5, the acidic groups are not 1omzed
and the coating remains in an undissociated, insoluble form. At higher pH levels, such as in
the environment of the intestine, the entenic coating s converted to an 1onized form, which
can be dissolved to release the inhabitor molecude. Other entenic coatings remain intact until
they are degraded by enzymes in the small intestine, and others break apart after a defined
exposiure 1o moisture, such that the coafings remain mtact until after passage into the small
intestines.

[0060] Polymers which are useful for the preparation of enteric coatings include, but
are not hmmted to, shellac, starch and amylose acetate phthalates, styrene-maleic acid
copolymners, cellulose acelate succinate, cellulose acetate phthalate (CAP), polyvinylacetate
phthalate {PVAP), hvdroxypropvimethylcellulose phthalate {grades HP-30 and HP-335),
ethylcellulose, fats, butyl stearate, and methacrylic acid-methacrylic acid ester copolvmers
with acid 1omzable groups (mciuding “ACRYLEZE®” and “EUDRAGITE™), such as
“EUDRAGIT® L 30D", * EUDRAGIT® RL 30D”, “EUDRAGIT®R RS 30D",
“EUDRAGIT® L 100-55", and “EUDRAGIT® L 30D-55" In a preferred embodiment, the
pharmaceutical composition contains a polyvmeric proanthocvamdin composition and the
enteric coating polvmer “EUDRAGIT® 1. 30D™, an anmonic copolymer of methacrylic acid
and methyl acrylate with a mean molecular weight of 250,000 Daltons. In another preferred
embodiment, the enteric coating polvmer 1s “EUDRAGIT® L 30D-557

[0061] The disintegration of the enteric coating occurs either by hydrolysis by
intestinal enzvmes or by emulsification and dispersion by hile salts, depending upon the tvpe
of coating used. For example, esterases hydrolyze esterbutyl stearate to butanol and stearic
acid and, as the butanol dissolves, the stearic acid flakes off of the medicament. Additionally,
bile salts emulsify and disperse ethylcellulose, hydroxvpropylmethvlcellulose, fats and fafty
denvatives. Other types of coatings are removed depending on the time of contact with
moisture, for example coatings prepared from powdered carnauba wax, stearic acid, and

vegetable fibers of agar and elm bark rupture after the vegetable fibers absorb moisture and
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8.4 gm Glycerol Monostearate 1.4 gm Water.SP Removed during processin 1284.8 gm 1B.
ENCAPSULATED ENTERIC COATED BEADS [0094]Described below are the formula and methods
used to prepare encapsulated enteric coated bead formulations that do not contain nonpareil sugar
spheres. One formulation contains 83.3% wiw proanthocyanidin polymer composition, 0.5% w/w
Opadry clear, 14.5% w/w "EUDRACUT TM L 30D-55", 1.9% w/w triethyl citrate and a 0.34% glyceryl

monostearats. 1Q092Thg bradswanadiEsheahcoaied wir 8% saktian GF ODadLy fleardn a 16 liter

aeromatic MP-1 fluidized bed processor with a 50 mm Wurster column. The coating parameters for the

applicatioff8? fHe ¥4t U6 AR5 19e¥&an inlet temperature of 50C to 60C, an outlet temperature of 25C

to 40C, aposisajolume of3Bideidd GHha spraydatehd teol 2igrapas/priimintiemdneyan dif pressure

of 2.5 Bar, After the seal coat was applied, the beads, wer. dischargﬁg?apd screen%d forat%eads larger
e

S
than 425 Boénr%) Ehaler t%lgnlﬁwoﬁ e eegcs(’%}pgﬁ%er pﬁa?é“éi S HatdedBack into the
fluid bed ppptesgesforcantenyg < datirgauiplecacmdO0wranidiofi preantho eyanidipholsmercomposition
beads, a ' ' ensi as.pr from. 9 Y RAGHTIm, D-55",
236 ora T e e o L A R e, This
suspensicitasrplepbeat By gty Striny teyTRU DR NG FPtmes. 30DBEs daspermsinnssitinually

and, in a seRarale-ceRtaNe R susRending and emegenizing the Methylcirate nd aig #L.purified
water. The triethyl citrate/talc mixture was then added to the "EUDICA,GITTm 1, 30D-55" suspension,

and the réSU B ARG RESBHGS NBH et G TS S SPRYAHENSr SR ssRVAUid S8R leMe beads
were thernpepatest vt fuisizedHed pracessecymdelithester copolymers can be applied using

water as a dispersant. The volatility of the solvent system must be tailored to prevent sticking
due to tackiness and to prevent lgh porosity of the coating due to premature spray drying or
precipitation of the polymer as the solvent evaporates.

[0063] Furthermore, plasticizers can be added to the enteric coating to prevent
cracking of the coating film. Suitable plasticizers include the low molecular weight phthalate
esters, such as diethyl phthalate, acetvlated monoglycendes, triethyvl citrate, polyethyl
glveolimbutyl citrate and tnacetin. Generally, plasticizers are added at a concentration of 10%
by weight of enteric coating polvmer weight. Other addifives such as emulsifiers, for example
detergents and simethicone, and powders, for example tale, may be added to the coating to
improve the strength and smoothness of the coating. Additionally, pigments may be added to
the coating to add color to the pharmaceutical formmulation.

[0064] In preferred embodiments, a pharmaceutical composition of the polymeric
proanthocvanmdin composition 1s provided as enteric coated beads in hard-shell gelatin
capsules. In a preferred embodiment, proanthocvanidin polymer beads are prepared by
nuxing a proanthocyarndin polymer composition with hydroxypropylmethylcellulose and
tayering the mixture onte nonpareil seeds (sugar spheres). In a more preferred embodiment,
crofelemer, which 1s directly compressible, without any excipients, additives or velueles other
than an enteric coating, is mmlled and fractionated into beads {i.e., as beads that do not contain
the nonpareil sugar seeds). The beads may be covered with a seal coat of Opadry Clear
(mixed with water). A preferred enteric coating of the beads is “EUJDRAGITTM L 30D or
“EUDRAGITTM L 30D-55" applied as an aqueous dispersion contairing 20%-30% w/w drv
polymer substance, which is supplied with 0.7% sodium laury! sulfate NF (SLS} and 2.3%
polysorbate 80 NF {TweenTM 20} as emulsifiers, to which plasticizers, such as polyethyvlene

glvcol and/or citric acid esters, are added to improve the elasticity of the coating, and talc can
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following parameters: The inlet temperature was 42C to 47C; the outlet temperature was 28C to 34C,;
the air volume was 30-40 CMII; the spray rate was 6-12 gramsfminute; and the air pressure was 2.5
Bars. The resulting enteric coated beads were then filled into a size #0 hard shell gelatin capsule. IC.
ENTERIC COATED GRANULES AND POWDER PARTICLES [00961Described below is a method for
formulating the proanthocyanidin polymer conipos on as enteric coated granules or powder
(microspheresdyithadinnetrs of36Q:\500d)cctineri bardwiielbdelatinicapsilesas suspended in an oral
solution. gh%%ggnt%gé%nidéq &g%meg &or%ggg]iggs Jjg?/.{geeh%rti%lesggre prepared by high-shea_r
powder mixing o the proan ocyamﬁ?ﬁ po?ymer composition an&%%rox-ypropylmethylcelIulose ina
high sped@éfter/graniiiator. iTHerpdahttodpsinidintholyimel composition granetésiarecpagpared by
spraying BRlyyiRYTANASNG.AR e BLihe Lighisheer MxgHgLANUalos So-hal (e powder
particles agglomerate to form larger granules. Using fluidized bed equipment, the granules or powder
are then &everEdlwithedssedicbat of Opadigautivsy imiled pitHwatety @RS tHER cdatde with'the enteric
coating "EURRMzAbTIRd 3R applies A5 aRaqupans ASREr$IOReGOoRIRINHIg BRI KN,
methacrylate polymer substance, which is supp_lied with 0.7% sodium lauryl. sulfate NF (SLS) and
2.3% polyShibake 86 KiFF (ﬁ:\%@%ﬁ*ﬁf‘@@?%@é}rﬁ@é?ﬁ’@r%l,yﬁmﬁlﬂ?@e?ﬂ%@tig@é@}af i ehate and
glyceryl nianesgteataiesare pdgeddmvimpioverthd elasticity Ok the goating. g dihateemposition of the
enteric coglte%igg\ﬁd_er is 81.8% why proanthocya.nidin polymer composition, 1.5% w/w

hydroxyproxﬁy net ;Wc@f[ulose, 0.5% why Opadry clear, 14.5% wlw "EUDRAGITTm 1. 3013", 1.45%
wiw triet. ji06étate, and @25 Hurelykdnyt mioihe stearatecTindfin abbonepositippsdicthéeteric coated
granules }?&J?&{’{aﬁﬂpg TEQ GYAndinpolymer %wpaég&ap, %7% r@%ﬁé”ﬁ?éﬂ&?&&%?&%-% vvhy
hydroxypropylmethylcellulose, 0.5% w/w Opadry clear, 14.5% w/w " EUDRAGITTm I 30D", 1.45%
wiw tiiethpPeitrates @mPo EBoiogwW Blidennibh oatdarhtestoboF 1THe BrElécsbted Prodmthocyanidin
polymer Q@;G@&@stﬁ'@@rgr@ww@ormﬁi@@w @esﬁﬂﬁgfif’lt@.@%@%‘i@fﬁﬂ%ﬁ@ﬁ@%&@@%@?d&@n amount
which provides a suitable dosage. [00981The enteric coated proanthocyanidin polymer composition

granules 8P BOWEIPaHiERels cdhia 85 @ EsEpeH dhamy atsHIdten e rarEdntinistFatBRt sdrticularly
for pediatgig-agministration.y thesuspe asiontsalionds prenargd by wetting 2 grams

hydroxyp ethylcellulase in 97.8 ml distilled water and 0.2, grams TweenTm 80- rpixi this
preparatiiﬁgﬁomogeWé?@%y Bﬁerf'@;ﬁlng}i,o ﬁt?ﬂﬁ%@‘%‘l‘ﬂﬁ‘or% %‘ ot 3nd sHIFHEG or hours; and
then addip@ﬁherec&enim@ﬁaﬁekﬂemamﬁm@ymwmmm comhpesitiof powelehypartighesabigranules to
the homogensaus splulon R ENTERIC CRATED COMPRESSERABLEL (0gs91Aiethod for

formulating the proanthocyanidin polymer composition with a diluent as enteric coated ta lets is

described BEIBRARDF E¥ch 350- g ¥abicn 2bdavigtorenkthodyetiviglyotyrharooestposition is granulated
with 7 mqtsﬁeﬁflmked S0IH AR DX ol %@@S%@@a@ﬂd Asyficientmass of
microcrystalline cellulose ("AVICELTM PH 200/300") to bring the total mass to 350 mg. These
ingredienBSLFECHixBIPFBILOV B niRTIRSE v o Blendwrnanl ftnePo g Soahirtitds siisdng, 1.75
mg magnesitinsteyaiads aderdapebiha mixiiiedeblendediorapadditonakAite haaiutas. The
resulting aranules ar Dcompres%ﬂe%é)]n a rotary tablet ﬁlrggss using 5/16th inch standard concave
punches.%ﬁ“@?a%‘f@% gtetoHtE Bt LAY PiktuPE ‘fgﬁaf’ FHEITE8D grimarenc
"EUDRAGHEEM ho3@iE-ob" grabulgamnms:triedhy| bitratey<dl/ HigrafnsdalpaanchRAS giamsedates. The
tablets are then placed.in a perforated pan coater (e.g. the "ACCELA-COTATmM- system) and rotated
15 rom O R o B B e e R R B et
temperatdrsiof4he 3B deddsatisthin fexapelatute of729°1C-32C, product temperature of 26C-30C, a 1

mm spray gRgfle, a pap speed of,3Q 032 Rm AR-alflow of 3%32.6 Fheand aspraviprgssure of 20

PSI. The)_{able s are finally cured for 30 minutes as the pan is rotating at 15 rpm with an inlet air

temperatife'Bt 66€ & thenPERpisHItAG & taHahEats-tabfats Aransotaied st T5Hom ahtil the

tablets hayggQalathto RamISNRRIAIUC high speed mixer/granulator. Examples of high speed
mixer/gramilators include the “LITTLEFORD LODIGETM™ mixer, the “LITTLEFORD

LODIGETM” MGT mxer/granulator, and the “GRALTM” muxer/granulator, Dunng the

high-shear powder mixing, solutions of gramulating agents, called binders, are sprayed onto
the powder to cause the powder particles to agglomerate, thus forming larger particles or

granules. Granulating agents which are useful for prepaning the gramules, include but are not
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1E. ENTERIC COATED DIRECTLY COMPRESSED TABLETS 1001001A method for formulating the
proanthocyanidin polymer composition without a diluent as enteric coated tablets was carried out as
described below. Directly compressible proanthocyranidin polymer composition was produced
according to the method described in Example IF, infra. 125 mg tablets were prepared by blending
99.6% wi/w directly compressible proanthocyanidin polymer composition with 0.40% wlw magnesium

stearate foibedminutemand taemvdirestlyisampressingthenmBiesauiote, 125tmMe-taklets orm rotary
press using li4 inc dlam ter round standard concave pun h(;atoat blet hardness of 4-10 Kp.
001011 TREUFL B THETE RIS AR TOUNGPRS RO A Bhad HhRHESS TRLT0 550 Kp,
friability (n22@)cet |esddhan Duitdse anaverage tablenwdighttnz=10)afd2bsmgomgpamaveiage
thickness (n=10) of 3.9 to, 4.1 mm, and a disufteuation time (n=6) of not more t 20 minutes.
(00105 T L (S B R A P BRI DRES o1
30% wiw "BIY DREGS ITTmila BED:SBItssus pénsitds dkeptygeatiyasiinre chugithg aorix tute 3P .67thrams
triethyl citrﬂ{&%@g‘%%ég@ @%éQSM grams purified water which had been mixed until
homogeneous. The coating dispersion was continually stirred to avoid settling. [00103]The tablet (in

batches ofl #¥#D00) weFdcoauasRitH tEEBBEENY idHdisiilya Calshuttia® 2eidtrMecd dud. The

tablets weeg ingaad. imtbenanal & sRe/ROhSIRRMAR RECINAIMeddR 3 damnpespiure of3sC to 40
'C. The tablets were then coated \‘I‘Vi‘é%}&e enteric coating dispersion to a 6% to 8% weight gain with the

following parar - A e a tai erREYEDF . to 34C;
araTe el Hatilert FESRaSEAR8sT; Bndkniildt aittethiBertBlebraric

a product temperadisieof@S:Chia B3 @ parnsspeeshbifelditpricanveiidowsap it teid40. CkM; an air
spray pressuye of, 10-20 psi, ( er re inch)..an initial.spray rate.of 3 to 4 grams/min/kg; and
ol o DR e e e e S B R B it
inlet tempevhicrelef A8Cito58andiavpan sheetl ofdtois rpr cFierallyrahddabletsmpere aliowed to

cool to room lemperatie 10, e Panaka Ran seet Akdle ﬁﬂ@ﬁ%ﬁ&%@r(’&ft%@%ﬁe 19 Jablgts were

then filled into a size zero, opaque Swedish orange-colored gelatin capsule. [00104]|The enteric coated
proanthocyahitlier polysabissin gesib Heabilebs ererfesest 4oi ortemttmiferpmaotinay refdhse,
microbiologicakigglsand:siabiityd apd Sams.AiMtical iRIOSEss 1ais e alspasitermed In

stability studieos} the prganthocyanidin polymer composition remained stable after six months of
storage at %68 tempEiture & WRIAS TAUEr accBRYIEY temPEFRAFERhd hurhitiity contiffons.
Finally, theicareigpietsmearel testecand foundito bpyveaniaveragehardaessKurid) of A4 Kp,

icuioes (RL10) b3 t 8 111 L £ obmii 1 (RC8Y of O ROIEHan 20 o, 1F.

ENTERIC ©OAGEDDIREGT LYitGOMPRES SiDUIEABE B S {00405 Fovanttatipmoh th@olymer

proamho%%ﬂ!ﬁliﬁt%?b’ rﬂ%%&%‘?ﬁ{ﬁ&&héﬁi’fﬁ%ﬂgt ?%'JJH%% hydroxypropyimethylcellulose, 0.5%
wiw Opadry clear, 14.5% wiw “EUDRAGIT™ [, 30D”, 1.45% w/w triethvl citrate, and
0.25% w/w glycervl monostearate.
[0071] The enteric coated granules or powder particles can further be suspended in &
solution for oral administration, particularly for pediatric administration. The suspension can
be prepared from aqueous solutions fo which thickeners and protective colloids are added to
merease the viscosity of the solution o prevent rapid sedimentation of the coated powder
particles or gramules. Any material which increases the strength of the hydration laver formed
around suspended particles through molecular interactions and which 1s phanmaceutically
compatible with the inhibitor molecule can be used as a thickener, such as but not limited to,
gelatin, natural gums (e.g., tragacanth, xanthan guar, acacia, panwar, ghatti, etc.), and
cellulose denvatives (e.g.. sodium carboxvimethylcellulose, hydroxvpropvicellulose, and
hydroxypropylmethyicellulose, etc.). Optionally, a sarfactant such as Tween™ may be added
to improve the action of the thickening agent. A preferred suspension solution is a 2% w/w

hydroxypropylmethyleellulose solution in water containing 0.2% Tween™
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as enteric coated tablets was carried out as described below. The directly compressible
proanthocyanidin polymer composition was isolated as described in Example 2, infra. The core tablets
were prepared by milling 250 mg proanthocyanidin polymer composition per tablet (approximately 16
kg total) in a Quadro Comil with an 024R (30 mesh) screen and then blending the milled composition
in a Patterson Kelley 2 cubic foot twin shell blender. 1 mg magnesium stearate (Spectrum Quality

Producs, fogew Brunnol-ha) pecsabieas e asdsd tetie sampasilon fihe lsader and
e

blended for 2 minutes. end was then compressed into 251 mg, tablets (containin%ggSQ mg
proanthocy AARANGIORER B BERIGTH) SHELIHTER-taoREeHIbes REYHFIRRERSFEM 5K p and
friability legsathamndd 5%k k00 1Rakiheenaling disparsian was pirparethiy: irgbdmbdng) ibyadfisst

container the 259 (7.5 g splids) "ELIDRAGITTm L 30 D-55" (Huls America, Inc., Somerset, N.J.)
(weight VBRI (EE A Sl PSRRI T RIS S S TR R ARea by
adding seduidatialiyiwitingomstamd stitlidgunva sedbndrcofitainanif50uy purifietdadateriz: 3@sgrams talc
(AlphafilT {WWhi , Clark . iels, | ith, Plainfield, N..J.). 6.06 : solids) White
Dispersio%{%%ﬁ%é%%%bﬁ%e%%ﬁﬂ%ﬁﬁ é%%%ﬁ%t%ﬁlc% T%?nc t é%ﬁ?%%ﬁ%ﬁ%ﬁﬁg(Mortlex,
Inc., Greerisiers Melbde. Pribardiviirewas than ionbgelhizeciblos Mo Rl RoMETYBhous.
While slowly stistings-therigment-eispersion-uas addrchionthe FlLiRRAGILImM 4 30 R=53nglispersion

and then stirred for 30 minutes before spraying. Stirring was also maintained during the spraying

process to BUSaSeuiHg: T56a crisitsdathete-wans cbsid inddattredtsr blobdomsletinfpd-Lab 24
inch/30 L @ﬁéf%ﬂ&lﬂghlﬁiﬁi&wiﬂgsi%t&i&ﬁﬁn%?ﬂlﬁ hRIGHERgrad: a:p}bé@%ﬁ%f?bé’aﬁifésiﬁﬁﬁ F;taﬁgi@k%t air )
temperature, 5 .10 6 inches no ip_to.tablet bed distance; and 4 fleg/nozzles. After adding the
tablets to ﬂ’géE égﬁftﬁ%&ﬁtan a@j’(?égggéég a %F?ﬁg’ég”gf?? BT Ehd ! ?S}lfﬂ%ﬁ%.i’rﬁe“fﬁﬁ ts were
then sprayéd totaiweightgaiund itkded38ivhth the folldwiny naramferer L0273 38Thtargetrexbaust
temperatuge. (to he achieve W'Ehi;%en minutes ferﬁpraé(in Hin speed of 8.to 12 rpm. 180-240 CFM
e e e B s WS St o

air flow; and a“spray rate of g/mintkg.After achieving sired weig
and the papr§pggedranB25irgnarumtiFIABRaAsETS Werdlcbeléd 16 lgelow B3e0Y 1 00m08 BT Hegmidets were

encapsulated in,si8A, ghaque.SWalishranes,Galored RE.gelaln capsules GarsKgsl, Greenwood,

S.. C.). 1001091500 mg tablets were also produced as described above, except that coating was done
on batched!6f%%5 000 tablets to a weight gain of 8 to 10%. EXAMPLE 2: ISOLATION OF DIRECTLY

COMPRE$@BIE PROANTHRGYAMBENRRALY MER COMPASTIONIAAL 10 AudireotYner
compressible proanthocyanjdin polymer composition (used to prepare the formulations in Examples

1E and IF SHB0RY Has TsBIdte D ATIRE 2 RY SFEnE Crodh eehiat fistbsd fliRRsand mixed

with a lubricant, preferably, magnesium stearate. Then, the lubricated granules are
compressed mto tablets using any method well-known in the art, for example but not limited
to, the direct compression method. Preferably, each tablet is 125 mg containing 99.6% w/w
directly compressible proanthocyamdin pelymer composition and 0.40% w/w magnesium
stearate. The tablets are then preferably coated with an enteric coating mixture of a 30%
suspension (6.66 g in 22.22 g) of “EUDRAGIT™ L, 30D-55 « 0.67 g triethyl citrate, 1.67 g
talc and 20.44 g punified water, per 100 grams of tablet. The tablets can be prepared by any
method known in the art or by the method described in Example 1E, infra.

[0074] In another embodiment, a directly compressible proanthocyamdin polymer
composition is formulated into core tablets of either 125 mg, 250 mg or 500 mg containing
99.6% w/w directly compressible proanthocvanidin polymer composition and 0.40% w/w
magnesim stearate. The tablets are then preferably coated with an enteric coating rmixture.
The final composition of the tablets 1s 86.6% w/w directly compressible proanthocyanidin
polymer composition, 0.4% magnesium stearate, 6.5% “EUDRAGITTM L30D-557, (9%
triethy] citrate, 2.87% talc, and 2.74% white dispersion. The tablets can be prepared by any

method known in the art, for example but not limited to the method described infra.
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1001111460 liters of Croton lechleri latex was mixed with 940 liters purified water for ten minutes and
then allowed to stand overnight (12 hours) at 4C. The red supernatant was pumped into a holding tank
and the residue discarded. The supernatant was then extracted with 200 liters n-butanol by mixing for
ten minutes and then allowing the phases to separate. The n-butanol phase was discarded, and the
aqueous phase was extracted two more times with 200 liters n-butanol each time. After extraction, the

aqueous phpeg was copcentrated oy, ufrafiltiation Lsing,a:d KD eHERTMENRARS Ladouriptein

binding cellulose membrane), and then the retentate was dried in a tray dryer at approximately 37C
(2C). [001ho erdsF pliFfiestotichy BlsiTERMDAPRESET ApA e Re BT deisidset it waaeliddolved in 75
liters of pyified-watenandistisred iarARminugsalibe dissrlved matenalwasichiamalegraphed on a

two column chromatography system consisting of a 35 liter CMSepharose column (a weak cation
exchange“Pa&A)sHg %%%@%@%%Sﬁﬁﬁméﬁéﬁé%ﬁﬁ e SHRROERN TS s he material
was loadedgtaithe CM-Zgpharose galomn, Wasked withREAQ iters purifigdwater wanckthes eluted
onto the LH-20 c%loumn with 37: .I'iter of 30%’,""0{@0;?95@3 his Spqi%t; th%two c?[umn%‘W§rg 4
disconnectedd afi Eh%of)‘f%%fr?tﬁocry%n}éfﬁnp%ﬁ/ﬁ%r gbﬁ%lpo§| io was efuted from tHe TH2H€6Iumn with
250 liters @baA5B6l fiter srat die nentdFraciion sswermablgctediintbylfelite obettibs andsrbmitgreébewith a UV

detector at(ﬁilﬂg%ﬂ{& Fraglions containing, material Q%r&gﬁget%cgggggﬂgorg%g&% a;é@l%g}lﬁ:gwere

pooled and concentrated by ultrafiltration using a 1 cut-off membrane (a pro

cellulose MEMBIRAEY. Thecrarentarslwastbiiaacusinglz tablity eveisriespin Haredensarplaing
approximeéﬁrﬂng-&%@glgg}%aﬂ RIpANhagYRDIdIRRAMRERLAOMPRsIoR WasHasiRd fer direct
compressibility. 250 mg portions of the proanthocyanidin polymer composition, in the absence of any
binders ofBXEHiERtE IR ST & T E I EHAY I HOATHe R ABPIET haS LR R SR B aiying
thicknessgs(i @ithe greatanihe piessmve panthie: cempostion T fermyibistd & tablel thedhinner the
resulting table e hardness of th I sJhen determined i entional hardness tester.
The friabif%f/3 oﬁ%@é{s ha(ﬂ?fﬁé‘%{%arc%@s%%}g(% LTWW@%%@E‘@\{SCHH@EW@#’EB <1216>.
The friabitityy WaSHESE thas @ bherioss: ifl weighte EXAMPLE 3: COMPONENTS, COMPOSITION, AND
MANUFA LNG QF A _DRUG PRODUCT 34, DRUG PRODUCT 1001141 The drug product,
crofelenie@zéjsists O?Fahréla &n erlgyébﬁgfgd%]ég%%opasb?é%j %vg?j}eoﬁlc%%sﬁ%%e% %S‘%?zgﬁb ~opaque
Swedish éEhgergettimoapsulalanechvaokdilie dowithn mictadsy stallins bullnlgserBeathocdpsule contains

1,2, or 4 gpteric-coaipd fRhlets ik [aRlahcora.oonsisls @L RS, O doLrpiglemear. And 1074
magnesium stearate and is coated with a methacrylic acid copolymer. 311. COMPONENTS OF DRUG

PRODUCH (0w 5 Graiidaher 856U 3p liSH B Nepdah avtaéditicaina., dhdagisakiifatitired under

current Gogg-iMpuiasturing:RrasticesHOMPhiMagnesium:siearaledsmansdactued:bwivalincluodt (or
equivalent) and meets the sp earate as described in 27 USPINF. The

el cifications for magnesium st |
agnesiuf St irte S UahidcP By e a M CRrH Y6 Rt 08 RO Ve dtaple Satheele
Microcrystatime: caltilasarispmamutaciuhe drivy EMGror the unvmdd it fardd meets the specifications for
microcrystalline celluloge as described in 27 LISP/NE. Both high-density and low-density.
microcrystgﬂm ceIIuIo‘s§‘<§cé%frrtc-:‘fij g‘r‘nﬁ?o%‘d.ﬁegfﬁéscr)? |cﬂalt?:i(]J rggbrcl?lylrrﬁyeernf%’soﬁﬁaﬁﬁfa&%{%ﬁcﬁ%%l&ussa
under thewagemame Eudragitteel[B0-DES) armrieststhiérspecifications fbihmetvachylic aeid
copolymey Tyne&reqas desgrbed ingd YaRiNFmt ety filaisismanulachundb,Masties (or

equivalent) and meets the specifications for triethyl citrate as described in 27 LISP/NF. Talc is
manufactFedrbyipymitisket, ek FFIEHISTSIFaeuilaeg Bh e thE speEmestisitor talc as
describedcthbditfd NEnRukifiecrwatends supplistibiibedrug.pieduat manutasturesand.meets the

specifications for purified water as described in 27 USP/IXF. Swedish orange opaque, Size 00, hard
gelatin capStEVgar by cagL At diBRAE BY capsugel, Inc. (Greenwood, SC). The manufacturer
certifies thHao ™8 capsulas &remase:frotegelatinstbaicmaet thenstpesiohNatinahharmBRry(NF)
requIreme&?{[%r];g&%e%%]ﬂye%qc%%gf%:%gﬁ predominant-1BS, any method can be used in the art to

diagnose the subject including, but not himited to, the Rome II criteria for diagnosis of

irnitable bowel syndrome (Thompson et af., 1999, Gur 45 (Suppl [1):11-43-1147). Briefly, the

Rome 1T diagnostic criteria state that for at least 12 weeks, which need not be consecutive, in

the preceding 12 months of abdominal discomfort or pain that has two of three features: {1}

relief with defecation, and/or (2} onset associated with a change in frequency of stool; and/or
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3C. COMPOSITION OF DRUG PRODUCT 1001161The composition of the tablet cores and the
enteric-coated tablets is described in Table 2 and Table 3, respectively. The amount of crofelemer and
magnesium stearate is adjusted based on the anhydrous potency of the drug substance, which
corrects for the moisture content of the crofelemer. The amount of weight gain after coating is
approximately 10%. The clinical batch size ranges from 100,000 to 150,000 enteric-coated tablets.

SubsequentiyndorZs Q. ARARIIG £ AIRIIAD RIS AR PIACHER e @Q&%ﬂ%ﬁ%ﬁﬂ&&ﬁg‘gﬂed with

microcrystalline cellulose to match weights of each capsule streng,th and placebo. Table 2:
Compositiéts FERE PH5uaREdDEh G ImvE shsd %@M@m@rtg%pﬁr&eg)g@ﬁégeaﬁm%%éwgtrheoreucm
Compositipnmeinitdwndpidase i CrefelemencaMPhActive 829346 b2bwmgisifagnasiumpstearate

stools; straiming durtng a bowel movement, urgency and feeling of incomplete bowel
movement. For example, abnormal stool frequency, eg., fewer than three times a week,
supports the diagnosis of ¢-IBS. Exemplary symptoms of a-1BS include periods of fewer than
three bowel movements per week; periods of more that three bowel movements pre day,
sometimes hard or lumpy stools, sometimes loose or watery stools; straimng dunng a bowel
movement; urgency; feeling of incomplete bowel movement, passing mucus during a bowel
movement and abdominal fullness, bloating and swelling. Patients who switch between
constipation and diarthea have consistent abdominal pain and discomfort with both.

DEFINITIONS

[06r79] Unless otherwise defined, all terms of art, notations and other scientific terms
or termunology used herein are intended to have the meanings commonly understood by these
of skill in the art to which this invention pertains. In some cases, terms with commonly
understood meanings are defined herein for clanty and/or for ready reference, and the
inclusion of such defimitions herein should not necessarily be construed fo represent a
substantial difference over what is generally understeod in the art. The practice of the present
invention will employ, unless otherwise indicated, conventional techniques of molecular
biology (neluding recombinant techmques), microbiology, cell biology, biochenmustry,
nucleic acid chemistry, and immunology, which are within the skill of the art. Such
techniques are explained fully in the literature, such as, Current Protocols in Immunol ogy (1.
E. Coligan er of, ads., 1999, including supplements through 2001), Current Protocols in
Molecular Biology (F. M. Ausubel er of., eds., 1987, including supplements through 20061);
Molecudar Cloning: A Laboratory Manual, third edition (Sambrook and Russel, 2001); PCR:
The Polymerase Chain Reaction, {Mullis er &/, eds., 1994); The Immunoassay Handbook (D.
Wild, ed., Stockton Press NY, 1994}, Bioconjugate Techniques (Greg T. Hermanson, ed.,
Acadermic Press, 1996); Methods of Immunological Analysts (R. Masseveff, W. H. Albert,
and N. A. Staines, eds., Wemhemm: VCH Verlags gesellschaft mbH, 1993), Harlow and Lane
Usimg Antibodies: A Laboratory Manual Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, N.Y., 1999; and Beaucage er af , eds., Current Protocols in Nucleic Acid Chermstry

John Wiley & Sons, Inc., New York, 2000).



27 USP/NF Lubricant 0.07% 0.13 mg Total 100% 125.13 mg Table 3: Composition of Drug Product
E eric-Coated 125 mg Tablets Ingredient Gradel Purpose Quantitative

[0080] As used herein, the term “denivative” in the context of a non-proteinaceous
denivative refers to a second organic or morganic molecule that is formed based upon the
structwre of a first organic or inorgamc molecule. A derivative of an organic molecule
includes, but 1s not limited to, a molecule modified, e.g., by the addition or deletion of a
hydroxyl, methyl, ethyl, carboxyl, amine group, esterification, alkylation or phosphorylation,
immobtlization or addition of a polymer.

[0081] As used herein, the term “polymer™ refers to compounds comprising three or
more monomeric urnts which may be the same or different. Thus, “polymer” refers to high
moiecular weight and/or insoluble polymers as well as low melecular weight and/or soluble
oligomers.

[0082] As used herein, the ferms “subject” and “patient” are used interchangeably. As
used herein, the terms “subject™ and “subjects” refer to an animal, preferably a mammal
inecluding a non-primate (e.g., a cow, pig, horse, cat, dog, rat, and mouse) and a primate (e. g,
a monkey, such as a cynomolgous monkey, and a human), and more preferably a human Ina
preferred embodiment, the subject 1s a human. In a one embodiment, the term “subject”
exchudes those subjects whe suffer from or have been diagnosed with secretory (acute)
diarthea.

|0083] As used herein. the terms “treat”, “treatment” and “treating”™ refer to the
prevention, reduction, amelicration or ehimination of a svmptom or complication of ¢-IBS.
[0084] The term “prevention, reduction, amelioration or elimination of a symptom of
¢-IBS” in the context of the present invention refers to at least one of the following:
prevention of ¢-IBS before it oceurs, for example, in patients that suffered in the past from c-
IBS but are now in a period of remission; elimunation of established ¢-IBS (as determined by,
for example, the refurn of normal stool frequency); elimination of pain associated with ¢-1BS;
reduction of an undesired symptom of the disease as manifested by a decrease in the severnty
of an existing condition of ¢-1BS; elirmnation or reduction of one or more medications used
10 treating the subject. The reduction in the undestred symptom may be determined by, for
example, measuning stool frequency, determining stool consistency, determining pain
associated with ¢-1BS. Any amount of reduction in the severity of a symptom, even if some
of the symptom remains at a lower, more acceptable level (“management™), is encompassed
by the term herein defined. Such remediation may be evident as an increase in stool
[0085] Since ¢-IBS 1s always accompanied by other non diarrhea-related symptoms,

such as abdorminal discomfort, pain, bloating, fatigue, sleep disturbances, sexual dysfunction,
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Composition ( w/ w%) Theoretical mg/unit dose Crofelemer tablet cGMP Active 90.0% 125.13 mg
Eudrag.-,it L-30 D55 27 USP/NF Coating 7.4% 34.5 mg (10.4 ma solids)1

headache, fibromyvalgia (muscle aching), dyspepsia (upper abdominal discomfort or painj,
chest pain, urinary or gynecological symptoms, anxiety and depression. Reduction in at least
one of these symptoms 18 also encompassed by the term “prevention reduction, management
or elimination of a symptom or complication of ¢-IRS.”

[0086] As used herein, the terms “freat”, “treatment” and *treating” refer to the
prevention, reduction, amelioration or elimination of a symptom or complication of a-IBS.
[0087] The term “prevention, reduction, amelioration or elimination of a svmptom of
a-1BS” in the context of the present invention refers to at least one of the following:
prevention of a-IBS before 1t occurs, for example, in patients that suffered m the past from a-
IBS but are now in a period of remission; ehmination of established a-1BS (as determined by,
for example, the return of normal stool frequency);, elimination of pain associated with a-IBS;
reduction of an undesired symptom of the disease as mamifested by a decrease in the severity
of an exsting condition of a-IBS; elimination or reduction of one or more medications used
in treating the subject. The reduction in the undesired symptom may be determined by, for
example, measunng stool frequency, determuming stool consistency, deterrmiming pain
assoctated with a-IBS. Any amount of reduction in the sevenity of a symptom, even if some
of the symptormn remains at a lower, more acceptable level (“management™, 1s encompassed
by the term herein defined. Such remediation may be evident as an increase in stool
frequency, lesseming of pamn.

[0088] Since a-IBS 18 alwavs accompanied by other non diarrhea/constipation-related
symptoms, such as abdominal discomfort, pain, bloating, fatigue, sleep disturbances, sexual
dysfunction, headache, fibromyalgia (muscle aching), dyspepsia (upper abdommnal
discomfort or pain), chest pain, urinary or gynecological symptoms, anxiety and depression
Reduction in at least one of these symptoms 1s also encompassed by the term “prevention
reduction, management or ehnunation of & svmptom or complication of a-IBS.”

[0089] As used herein, the term “therapeutically effective amount” refers to that
amount of the therapeutic agent sufficient to result in the treatment of ¢-1BS or a-IBS, to
prevent advancemeant of c-IBS or a-1BS, cause regression of ¢-1BS or a-1BS, or to enhance or
improve the therapeutic effect(s) of another therapeutic agent administered to treat or prevent
¢-1BS or a-IBS.

[ 00901 The following series of Examples are presented for purposes of idlustration
and not by way of lirmtation on the scope of the invention.

EXAMPLES



Methyl citrate 27 USP/NIF Plasticizer 0.8%1.05 mg Talc 27 LISP/NF Dispersing 1.8%;j2.6 mg Purified
water*27 USRINT Solvent WA* 21.9 mg Total 100%

EXAMPLE 1: PREPARATION OF PHARMACEUTICAL FORMULATIONS

[6091] Described below are illustrative methods for the mamufacture and packaging
for different prefemed pharmaceutical formulations of the proanthocyanmidin polymer
composition from C. Jechleri according to the present imvention.

IA. ENCAPSULATED ENTERIC COATED BEADS

[ 0092] Detailed descniptions of the batch formula and methods used to prepare the
encapsulated enteric coated proanthocyamdin polymer composition bead formmlation based
on sugar spheres are provided below. Each hard-shell gelatin capsule contained 250 mg
proanthocyamdin polymer composition enteric coated beads. Capsules were packaged in
HDPE bottles containing sixteen (16) 250 mg caps each. The formulation for enteric coated
proanthoeyamdin polymer composition beads contained 17.3% {w/w) of nonparell seeds
{sugar spheres 40/60 mesh, Paulaur, Iot #60084060), 64.5% proanthocyanidin polymer
compostiion from C. lechieri, 1.5% hydroxypropylmethyleelhdose (Methocel ES Premuum,
Dow Chemical Co., lot #MM9410162E), 0.5% Opadry Clear {Colorcon, lot #883563), 14.53%
“EUDRAGIT™ [, 30D (Rohm Tech., lot #1250514132), 1.45% triethyl citrate (Morflex, lot
#NSX291), glyceryl monostearate (Imwitor-200, Rohm Tech, lot #502-229), and purified
water {USP),

[0093] The layering coating solution containing the proanthocyamdin polymer
composition was  prepared by adding  hydroxypropyimethyleellulose and  the
proanthocyamdin polviner composition to purified water (USP) and maxing until dissolved.
The nonpareil seeds were leaded o the product bowl of the fluzd bed processor (Nior-
Precision Coater). The polvmer solution was then layered on the nonpareil seeds by spraying
the solution onto the fludized nonpareil seeds at a target bed temperature of 30-35°C. Once
the proanthocvamdin potvmer layering had been completed, a seal coat using Opadry Clear
{preparing by mexing the Opadry Clear with Purified Water, USP) was applied with a target
bed temperature of 30-35°C. After the seal coat was applied, the pellets were discharged and
screened through 1000 p and 425 u screens, and the layered spheres larger than 425 p and
smaller than 1000 p were charged back into the fhud bed processor. Meanwhile, the enteric
coating solution was prepared by mixing triethyl citrate and glyceryl monostearate to water
that had been heated to 65°C and then mixing this solution with the “EUDRAGITTM L 3GD-
55”. The resulting enteric coating solution was then sprayed onto the layered spheres in the
fluidized bed processor, at a bed temperature of 30-35°C, until all the enteric coating solution
was lavered on the beads. Based on the results of the HPLC assay indicating that the

]
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136.4 mg *Purified wate s removed during process. 3D. METHOD OF MANUFACTURING THE
DRUG PRODUCT I. MANUFACTURE OF TABLET CORE [001171A sufficient amount of crofelemer
and magnesium stearate, based on the potency of crofelemer, on an anhydrous basis that adjusts for
the amount of moisture, is staged prior to manufacture. Crofelemer is added to the blender and
magnesium stearate is screened and added to the crofeleme.r. The crofelemer and magnesium

stearate &}%?&gﬁ%ﬂlr BUeRENLAfive Blend.s; QJ%%*PK%&%‘MHS%%‘Qi%é’«?tﬁf@‘iﬂ%‘i’r Yield must

be betw % BIe d uniformity is not de rmined, except as needed, because the blend is

99.9% actidTiseds|areribanddeilisdcotapréstie ol rﬂtﬁlﬁ%@t‘fﬂ%‘é@ @qumm%mﬁj concave
punches sFinisheg iablgkerpiesiara-dcssiusid and: nlaged i FanipiRglde-ANAlGaating. Prior to the

start of the manufacturing run, pre-production runs are(?erformed to adjust the speed and
compression of the press in order t "h%e@%é‘t%? HABE Edve weight, thickness, and hardness. In

addmo fr!nhlllf\/ nnrl chlnfcnrnflnn ara.meacurad Diurinathe manufactiring Fun, tah!e -core Samp|es
are tak n-at ﬁnrlcrlln !ﬁg’ﬁ%ffc E&O%@QFXQWQMIEQ\I&EWB@KW.Qﬂ%t“d‘\%?ééﬁ th: Lar‘g “’d t b|et We|ght,
thicknesS3H) q‘?dh%@%@r@%@n@t%&b@@em%&&@nw@—& -middle, and end
of the p SamMatenal o ﬂdditivn | testing for hardness, thickHEs5! by RSAe #idBiS, and disintegration.
The ave q‘ (200 ithin-506-of the targeted ,lggﬁg& reight—Fhe number of
tablet cofés UhoerId b ,?uMQ??T?Q e-waste:-and-blend waqt/e"érgl? aconeiled-and the percent
account N}fgtﬁhﬂﬁ ﬁ%.w".‘:’a[cg u%?’ -must-not-be lest & 95%-and-not more than
M L@ é\? : ] C II\J‘L LW AWy IL:\J\J%I.I TAATT " IJI UTUATTAU .
103%. A pf‘ 2 Dg ']jj“ I;V'; pranufacturing-process-s Pregen et below:-Sehematic of Tablet
Core M n K&w‘lﬁ £M:L\ ‘Q I;\ rfh{}r- r\w\ /élanr \Aoinnh madnaoaci: oféugp;lfn 1 Rland 1 Com ress
-‘.'lIt ﬁ rgjl ﬁ ‘t’ LﬂgE IHII CTroUrTCeICeTTIc| \l\l\’lull IIIM!’II\,QIUIll gLZQI (@} Ly -y D1CITgG ] p

tablets -—-Be-gdat Solleet *“b!et cores-for-coating -

G’Tycerolbmonosteam e v 1.4 gm

Water, USP (Removed during processing) 1284.8 gm

1B. ENCAPSULATED ENTERIC COATED BEADS
[0094] Described below are the formula and methods used to prepare encapsulated

enferic coated bead formulations that do not contain nonparell sugar spheres. One
formulation: contains 83 3% w/w proantheeyamdin polymer compoesition, 0.5% w/w Opadry
clear, 14.53% w/w “EUDRAGITT™ [, 30D-55”, 1.9% w/w triethyl cifrate and a 0.34% glyceryl
rmonostearate.

[0095] The beads were first seal coated with a 3% solution of Opadry ¢lear ina 16
liter aeromatic MP-1 fluidized bed processor with a 50 mm Whurster column. The coating
parameters for the application of the seal coating were an inlet temperature of 50°C to 60°C,
an ouflet temperature of 25°C to 40°C, an air volume of 30 to 40 CMH, a spray rate of 6 to 12
grams per minite, and an air pressure of 2.5 Bar. After the seal coat was applied, the beads
were discharged and screened for beads larger than 425 p and smaller than 1000 p. The beads
of appropriate size were then charged back into the fluid bed processes for enteric coating.
For each 1000 grams of proanthocyamdin polymer composition beads, an enteric coating
suspension was prepared from 811.97 grams “EUDRAGIT™ [, 300-557, 2436 grams
triethvl citrate, 4.36 grams glyceryl monostearate and 248.55 grams punified water. This
suspension was prepared by gently string the “EUDRAGIT™ 1 30DD-35" suspension
continually and, in a separate container, suspending and homogenizing the triethyl citrate and
tale in purified water. The triethyl citrate/tale mixture was then added to the “EUDRAGIT™
L 30D-35" suspension, and the resulting coating dispersion stirred during the spraving

process to avoid settling. The beads were then coated in the fluidized bed processor under the
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[I. COATING OF TABLET CORE [001181The amount of Eudragit(r), triethyl citrate, talc, and purified
water is calculated and staged based on a nominal tablet-core weight gain of 10%. Purified water is
charged into a suitable container equipped with a high-shear mixer. The triethyl citrate and talc are
added to the container and mixed until homogenized. In a separate container equipped with a
propeller mixer, the Eudragitt dispersion is charged and mixed. The triethyl citrate and talc dispersion

is added t -udragi ' ' iS.conti stint t | . Th
pan-contor R B e o o e LR i She coating

dispersion? ieteablet coreyrdarel ghargedih 40 Eddindhpanrantsiwarm édl fe38rwmoatsviaig [byging the
coating paj, QReg.at {enperaie theavaragewsightaidhedahlel coresissiecridsd and the targeted

coated tablet weight is ca]culated. Subsequently, the tablet cores are sprayed and periodically
weight-ché¥kgdshRABS#§8Hsd weight gain is met. The targeted spray rate (4 to 8 glmin/kg of tablet

cores), the targetpd, @NRERICDOATEHEERAOANSY 200 Wik BIRarARNG @ ERonitored at frequent
intervals. The tablets are cured for 30 minutes at 45 to 50C, and then cooled. Representative

enteric-cojt@8dam plesmm@kérbﬂnwvefstim@éﬂmiefwer&gmléaﬁﬁagdim)mmth@igmwﬁéig@mmust be within
-5% of the | %aé‘gﬁoﬁ”atﬂﬁf&?@‘t@o daplet WeIght goo%?] rgl%r\é/s%_. EQB@

_ BegaaaadalsE
enteric-coated tablet samples, and theoretical quantity of enteric-coated tablets are determined and

the percent@egoimtableridatabellatedatPhecpetdent accospradig yieldimestinotivEdassthan 95%
and not moe thaR-103%n 5&%@?'@%&3@@@{ CAAUPCHRICERS isclust Mo belgw, Sehematic of

Tablet-Core Spray-Coating Process . Add triethyl citrate and talc to purified water Homogenize  Mix
Eudragit(ryidperlioht Magnthethyrdir fe dne CIremspersmil & BaaragbdRpbyiehulose in a

high speed muxer/gramilator. The proanthocyanidin polymer composition gramules are
prepared by spraving polyvinvlpyrrelidone on the powder in the high speed mixer/granulator
so that the powder particles agglomerate to forn larger granules, Using fluidized bed
equipment, the gramiles or powder are then covered with a seal coat of Opadry Clear {(mixed
with water) and then coated with the enteric coating “EUDRAGIT™ L 30D applied as an
aqueous dispersion contaimng 30% w/w dry methacrvlate polymer substance, which is
supplied with 0.7% sodium lauryl sulfate NF (SLS) and 2.3% polysorbate 80 NF (Tween™
20} as ermulsifiers, to which the plasticizers, triethyl citrate and glyceryl monostearate, are
added to improve the elasticity of the coating. The final composition of the enteric coated
powder 1s 81.8% w/w proanthocyamdin polymer composition, 1.5% w/w
hydroxypropvhnethylcellulose, 0.5% w/w Opadry clear, 14.53% w/w “EUDRAGIT™ 1,
30137, 1.45% w/w triethyl citrate, and 0.25% w/'w glvcervl monostearate. The final
composition of the enleric coated granules 1s 81.8% w/w proanthoevanidin polymer
composition, 10% palyvinvlpyrrolidone, 1.5% w/w hvdroxypropvimethyleeilulose, 0.3%
w/w Opadry clear, 14.5% w/w “ EUDRAGIT™ L, 3007, 1.45% w/w tnethyl citrate, and
0.25% w/w glycervl monostearate.

[0097] The enferic coated proanthocyanidin polvmer compositton granules or
particles may be filled o & hard shell gelatin capsule in an amount which provides a
sutable dosage.

[0498] The enteric coated proanthocyamdin polymer composition granules or powder
particles can also be suspended in a solution for oral admimstration, particularly for pediatric
administration.  The suspenmsion  solution is prepared by wetting 2  grams

hydroxypropylmethyleellulose 1n 97.8 ml distilled water and 0.2 grams Tween™ 80; mixing
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Add tablet cores to pan coater Heat to 35-40C (exhaust temp) Spray tablet cores (4-8 Om ikg of tablet
cores) until targeted weight gain is reached Cure at 45-50C Cool Collect enteric-coated tablets for
over-encapsulation | H. MANUFACTURE OF OVER-ENCAPSULATED ENTERIC-COATED
TABLETS 1001201The enteric-coated tablets and nficrocr s< cellulose are staged separately for the
over-encapsulation of each capsule strength. The amount of microcrystalline cellulose to be

apsul capsule strengih. The amountof microcrystaline celllose tobe
Con e os e D S e T e R e e

calculated Basedonsariad dhageadfingotbapsiias. Mwcdapsulebaiatiien peingea sempatitomatic
over-encapsplation,mashinefited withisigs Q0 change s and adjusted to deliver the proper

amount of tablets and microcrystalline cellulose. Pre-production runs are performed in order to adjust

the tray fill weight!%@%@l@ﬂ &Q&E@%&WH%@? BrdeBloE fiims on the tamper, and the number
of limes ta in order,to meet the tar d gress capsule weight (capsule shell plus tablets and
microcrystgﬁ?r?g]cellulosé)?gggc é%y%%%%%géﬁ%f ﬁda}}é%lgl%:}f e %gp%%?gr%a?emsq{ﬁsﬁ%nc%%ﬁe tray.
Each capsdikibudysistitted witktathddbigietsd davobed didabletSoanthehictttrystallivletcéliiflose to
achieve the targeted. fill:. Th s are n; ' &lo T ules moved
from the trgy and de-dusted. Xﬁgomﬁ%ﬁ%%&%gpgd%s %%éfﬁ%a?egngolz%%ge%ﬁé%% vssgeﬂﬁgﬁd for
in-process Anpretegiselteltinge Thetavbladelcapsumelg i gistHinsats oftheTisrgetedaapsule

weight. Thecjpieeessds then repepiad utihtherdesiredindmbeas of aapsiiesiisddiiag--Bamaged
capsules, enteric-coated tablet waste, and microcrystalline cellulose waste are callected for final

product re@oRefidton? o cUnTRigYrEs 8t the Mg cipslies s 'Setit Faise dd Tedting! TheSumber of
finished capsptesiipanpieeapsairg, shdmagateapstesmanddrug.supstancewasienareragenciled and

the percent a ount@billﬁt‘y is calculated %he ergcept gountabil.it Vs not be le sgmn 95% and not
more than TOREA SEHEAic ST HHE BVL1 b CRHBLIANEN Br B erld ot A & 5Gented
below. Schemats. f i@ vebiEncapsalatidnoh BntenierCoatathd abletse prepared from 250 grams
“EUDRAGIT™ 1, 30 D-557, 7.5 grams triethyl citrate, 37.5 grams talc and 205 grams water.
The tablets are then placed in a perforated pan coater {e.g. the “ACCELA-COTAT™” system)
and rotated at 15 rpm at 40°C. The enteric coating formulation is sprayed using the following
conditions: inlet air temperature of 44°C-48°C, exhaust air temperature of 29°C.32°C,
product temperature of 26°C-30°C, a I mm spray nozzle, a pan speed of 30 to 32 rpm, an
airflow of 30-32 CFM, and a spray pressure of 20 PSI. The tablets are finally cured for 30
mimutes as the pan is rotating at 15 rpm with an inlet air temperature of 60°C and then, after
shutting off the heat, the tablets are rotated at 15 rpm until the tablets have cooled to room
femperatire.
1E. ENTERIC COATED DIRECTLY COMPRESSED TABLETS

[00100] A method for formulating the proanthocyamdin polvmer composition without
a diluent as enteric coated tablets was carried out as described below. Directly compressible
proanthocyanidin polvmer composition was produced according to the method described in
Example 1F, /mfra. 125 mg tablets were prepared by blending 99.6% w/w directly
compressible proanthocyanidin polymer composition with 0.40% w/w magnesium stearate
for two minutes and then directly compressing the material into 125 mg tablets on a rotary
press using 1/4 inch diameter round standard concave punches to a tablet hardness of 4-10
Kp.

[60101] The core tablets were tested and found to have an average hardness (n=10} of
4-1¢ Kp, fnability (n=20} of less than 0.7%, an average table weight (=103 of 125 mg + 7



Weigh microcrystalline cellulose and enteric-coated tablets Place capsule bodies in
over-encapsulation machine Fill capsule bodies with tablet(s) and microcrystalline cellulose Cap
capsule bodies and remove capsules De-dust N P E 4: EFFECT OF ENTERICALLY COATED
PRO_ANTHOCYANIDIN POLYMER COMPOSITION ON PATIENTS SUFFERING FROM DIARRHEA
PREDOMINANT IRRITABLE BOWEL SYNDROME 4A. TREATMENT [00121]The study was a
L6-week, mutgeielRNRSe 2u[aNdpimiEed Subie By iacahg eanlioleg syt syt wit
diarrhea p%ﬁ’omiﬁaﬁt T’r?_ita le ovz\tel sg‘%éo"rhe%cllBS . Two-hun rgelde%%é orty-sit%é?g subjects,
meeting tha@defia? sEautBS as supported by the Rome 11 Criteria for the Diagnosis of IBS were
randomizeghiigzfour 9roHps RIAEERR,2R;MORId. (250,109 BidnARASIMGHIg-Rhestidy onsisted of

a 2-week Determine averqgg weight of capsules treatment-free screening period, a 12-week blinded
treatment pérod TaRoN el Bip & védilt ntlrddolbwiEpeHEABdsIP0REPAOIRYG REDAweek
screening pedah spbiertesaifrrpateddaly bfamatiencbeutihe siaius mithed WatBSsyeptoms via

a touch-tone ¢ Iephone(giar - This included ipformation about abdominal and djscomfort; stool
frequency. EGNEteREy S UrBERESE bie c EHHAIEA CRTFAEE tHE R EALSHA 4¢ HEh of the
screening getiiod, and

(00103} The tablets (in batches of 100,000} were coated with the coating dispersion in

a Compu-Lab 24 inch/30 L pan. The tablets were jogged in the pan at a speed of 3-5 rpm and
pre-warmed to a temperature of 35°C to 40 °C. The tablets were then coated with the enteric
coating dispersion to a 6% to 8% weight gain with the following parameters: an inlet
temperature of 45°C to 65°C; an exhaust air temperature of 27 °C to 34°C; a product
temperature of 289 C to 32°C; a pan speed of 8-14 rpm; an air flow of 180 to 240 CHM,; an
air spray presswre of 10-20 psi (pounds per square inch); an imtal spray rate of 3 to 4
grams/min/kg; and a final spray rate of 4 to 8 grams/min/kg. The tablets were then cured for
30 munutes in the pan with an inlet temperature of 45°C {o 50°C and a pan speed of 3 fo 5
rpm. Finally, the tablets were allowed to cool to recom temperature in the pan at a pan speed
of 3 to 5 rpm. Four of the 125 mg tablets were then filled into a size zero, opaque Swedish
orange-colored gelatin capsule.

[00164] The entenic coated proanthocyanidin polymer composition tablets were tested
for content uniformity, drug release, microbiological tests and stabilitv, and some analytical
in process tests were also performed. In stability studies, the proanthocyvanidin pelymer
composition remained stable afler six months of storage at room temperature as well as under
accelerated femperature and humdity conditions. Finally, the core tablets were tested and
found to have an average hardness (n=10) of 4-10 Kp, frmability (r=20) of less than 0.7%, an
average tablet weight (n=10) of 125 mg-+7 mg, an average thickness (n=10) of 3.9 to 4.1

mum, and a disintegration time {n=6) of not more than 20 minutes,

1¥. ENTERIC COATED DIRECTLY COMPRESSED TABLETS

[00105] Formulation of the proanthecyanidin polymer composition, without a diluent,
as enteric coated tablets was carried out as described below. The directly compressible
proanthocvamdin polymer composition was 1solated as described in Example 2, infia. The
core tablets were prepared by mulling 250 mg proanthocyamdin polymer composition per
tablet (approximately 16 kg total} in a Quadro Comul with an 024R (30 mesh) screen and then

31



the information captured in the diary during the screening period indicated they had active d- IBS
[mean daily stool frequency > 2; pain score > 1; stool consistency > 3 (5-point Lickert scale for pain
and consistency)], subjects were randomized into one of four groups according to a
computer-generated central randomization schema. [00123]During the 12-week double-blind treatnient
period, subjects continued to record daily and weekly assessments via a touch-tone telephone diary

t nstryct ubject . ! ing. i0d_f d
eeeamen R T T S S B 2 wee

treatment-fréarRsiey-Sign préei Goh sijactsebiniRpdgas. riword ey rangriviekly aesetddeentss Results:

[00125]There, waiedHaHEIISH-SRIAUR BlVALRE RIS AMYE TSP PHENLIAleSWEIG SimilafREross all
dose groups as shown in Table 4. There were no drug- or dose-related differences in constipation

Table 4: SHMERSF AGets & RS piapers e fig bR 2sdkyesidin polymer composition
on a rotary tablet press to a tablet hardness of 8-15 Kp and frmabzlity less than 0.5%.

[00186] The coating dispersion was prepared by first mixing in a first container the 25
g (7.5 g solidsy “EUDRAGIT™ L 30 D-557 (Huls America, Inc., Somerset, N.I.} (weight
giverl per 115 grams coated tabletsy dispersion. The pigment dispersion was prepared by
adding sequentially with constant stirmng in a second container 39.59 g purified water, 3.30
grams tale (Alphafil™ 500) (Whittaker, Clark & Damiels, Inc., South Plainfield, N.J.), 6.06 g
(3.15 g solids) White Dispersion (pigment) (Wamer-Jenkinson, Inc., St. Lows, Mo.), and then
1.05 g tnethyl citrate (Morflex, Ine., Greensboro, N.C.). The mixture was then homogemzed
for 15 minutes or until homogenous. While slowly stirring, the pigment dispersion was added
to the “EUDRAGIT™ 1, 30 [-55 dispersion and then stirred for 30 minutes before spraving.
Stirring was also maintained during the spraving process to avoid settling.
[00167] The tablets were coated i batches of 50,000 in a Compu-Lab 24 inch/30 L
pan with the following settings: 10-20 psi atormizing air pressure; 35°C-60°C pan inlet air
temperature, 5 to 6 mnches nozzle tip to tablet bed distance; and 4/2 baffles/nozzles. After
adding the tablets to the pan, the pan was jogged at a speed of 3 to 5 rpm and heated to 40°C.
The tablets were then spraved to a weight gain of 11 to 13% with the following parameters:
27°-33%C target exhaust temperature (to be achieved within ten munutes of spraving); pan
speed of 8 to 12 pm; 180-240 CFM air flow; and a spray rate of 2-5 g/minkg. After
achieving the desired weight gain, the heat was shut off and the pan jogged at 3-5 rpm until
the tablets were cooled to below 30°C,
[00108] The tablets were encapsulated in size AA opaque Swedish orange colored DB
gelatin capsules {Capsugel, Greenwoeod, S.C.).
[00109] 500 mg tablets were also produced as described above, except that coating was
done on batches of 25,000 tablets 10 a weight gain of 8 to 10%.
EXAMPLE 2: ISOLATION OF DIRECTLY COMPRESSIBLE
PROANTHOCYANIDIN POLYMER COMPOSITION
[00110} A directly compressible proanthocvamdin polymer composition {(used to
prepare the formulations in Examples 1E and 1F above) was isolated from the latex of the

Croton lechleri plant as follows:

Lad
-3



500 mg bid I No. Subjects/Group61 62 59 62' No. Subjects with > 1 AE14 12 15 15 No of Gl AEs/ 10
10 10 Cl Event

{00111} 460 liters of Croton lechleri latex was mixed with 940 liters purified water for
ten minutes and then allowed to stand overmght {12 hours) at 4°C. The red supernatant was
pumped o a holding tank and the residue discarded. The supematant was then extracted
with 200 liters n-butanol by mixing for ten nunutes and then allowing the phases to separate.
The n-butanol phase was discarded, and the agueous phase was extracted two more times
with 200 liters n-butanol each time. Afer extraction, the aqueous phase was concentrated by
ultrafiltration using a 1 kD cut-off membrane (a low protein binding cellulose membrane),
and then the retentate was dried in a tray dryer at approximately 37°C {£2°C).

[080112] For purification by column chromatography, 6 kg of the dried extract was
dissolved in 75 liters of purified water and stirred for 90 minutes. The dissolved material was
chromatographed on a two columm chromatography svstem consisting of a 35 liter CM-
Sepharose column (a weak cation exchange resin} and a 70 hter LH-20 columm (a size-
exclusion resin) connected in series. The material was loaded onto the CM-Sepharese
column, washed with 140 liters purified water, and then eluted onto the LH-20 column with
375 liters of 30% acetone. At this point, the two columns were discormected, and the
proanthocyanidin polymer composition was eluted from the LH-20 columm with 250 hiters of
45% liters acetone. Fractions were collected nto 10 liter bottles and monitored with a UV
detector at 460 nm. Fractions contaimng material having detectable absorbance at 460 mm
were pooled and concentrated by vltrafiltration using a 1 kD cut-off membrane (a low protein
binding cellulose membrane). The retentate was dried using a rotary evaporator in a
waterbath at approxamately 37°C (£2°C}.

[60113] The proanthocvamdin  polymer composition was tested for direct
compressibility. 250 mg portions of the proanthocyamidin polymer composition, in the
absence of any binders or excipients, was placed into a tableting machine and then pressed
1nto tablets of varying thicknesses (i e, the greater the pressure on the composition to form it
into a tablet, the thinner the resulting tablet). The hardness of the tablets was then determined
in a conventional hardness tester. The fmability of tablets having a hardness of 8-15 kp was
determined as described in USP 23 <1216>. The friability was less than 0.5% loss in weight.
EXAMPLE 3: COMPONENTS, COMPOSITION, AND MANUFACTURING OF A

DRUG PRODUCT
JA. DRUG PRODUCT
[00114] The drug preduct, crofelemer, consists of an enteric-coated 125 mg tablet(s)

over-encapsulated in a Size 00, opaque Swedish orange gelatin capsule and backfilled with

[FY]
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Abdominal distention 1 7 0 1 Abdominal painF1 Abdominal tendernessF0 0 1

microcrystalline cellulose. Each capsule contains 1, 2, or 4 enteric-coated tablets. The tablet
core consists of 99.93 % crofelemer and .07 % magnesium stearate and 1s coated with a
methacrylic acid copolymer.

3B. COMPONENTS OF DRUG PRODUCT

[00113] Crofelemer 1s supplied by Napo Pharmaceuticals, Inc., and 1s manufactured
under current Good Manufacturing Practices (cGMP). Magnesium stearate 1s manufactured
by Mallinckrodt {or equivalent) and meets the specifications for magnesium stearate as
described in 27 USP/NF. The magnesium stearate 1s cerfified by the manufacturer to be
derived from vegetable sources. Microcrystalline celinlose is manufactured by FMC {(or
equivalent) and meets the spectfications for microcrystalline cellulose as descnbed in 27
USP/NF. Both high-density and low-density mucrocrystailine cellulose are emploved.
Methacrylic acid copolymer is manufactured by DeGussa under the trade name Eudragit®
({L.30-D55} and meets the specifications for methacrylic acid copolvmer, Type C, as described
in 27 USP/NF. Tnethyl citrafe is manufactured by Morflex (or equivalent) and meets the
specifications for triethvl cifrate as descmbed mn 27 USP/NF. Tale is manufactured by
Whattaker, Clark and Damiels (or equivalent) and meets the specifications for talc as
described m 27 USP/NF. Purified water 1s supplied by the drug product manufacturer and
meets the specifications for purified water as described in 27 USP/NF. Swedish orange
opaque, Size 00, hard gelatin capsule bodies and caps are supplied by Capsugel, Inc.
{Greenwood, SC). The manufacturer certifies that the capsules are made from gelatins that

meet the current National Formulary (NF) requirements for gelatin under ¢cGMP.

3C. COMPOSITION OF DRUG PRODUCT

[06116} The composition of the fablet cores and the enteric-coated tablets 1s described
in Table 2 and Table 3, respectively. The amount of crofelemer and magnesium stearate 13
adjusted based on the anhvdrous potency of the drug substance, which corrects for the
moisture content of the crofelemner. The amount of weight gain afier coating 1s approximately
10%. The climical balch size ranges from 100,000 to 150,000 enteric-coated tablets,
Subsequently, 1, 2, or 4 enteric-coated tablets are placed in a Size 00 capsule and backfilled

with microcrystalline cellulose to match weights of each capsule strength and placebo.

Table 2: Composition of Drug Product 125 mg Tablet Cores

Ingredient Grade Purpose Quantitative Theoretical
Compesition mg/unit
(Wiw%) dose




Constipation Diarrhea 1 2 1 FO Dry mouth 0 0 O

Crofelemer cGMP Active 99.93% 125 mg
Magnesium stearate 27 USP/NF Lubricant 0.07% 0.13mg
Total 100% 12513 mg

Table 3: Compesition of Drug Product Enteric-Coated 125 mg Tablets

Ingredient Grade Purpose Quantitative | Theorefical
Composition mg/unit
(wiw%) dose
Crofelemer tablet cGMP Active 20.0% 12513 mg
Eudragit L-30 D55 27 USP/NF Coating 7.4% 34.5mg(10.4
mge solids)
Triethyl citrate 27 USP/NF Plasticizer 0.8% 1.05mg
Talc 27 USP/NF Dispersing 1.8% 2.6mg
Purified water™ 27 USP/NF Solvent N/A* 21.9mg
Total 100% 136 4 mg

*Purified water is removed dunng process.
3D. METHOD OF MANUFACTURING THE DRUG PRODUCT

I MANUFACTURE OF TABLET CORE

[00117) A sufficient amount of crofelemer and magnesium stearate, based on the
potency of crofelemer, on an anhvdrous basis that adjusts for the amount of moisture, is
staged prior to manufacture. Crofelemer 1s added to the blender and magnesium stearate 1s
screenad and added to the crofelemer. The crofelemer and magnesium stearate are blended, a
representative blend sample 1s taken, and the yield is determuined. Yield must be between 100
+3%. Blend uniformity 18 not determned, except as needed, because the blend 1s 99.5%
active. The blend 1s directly compressed on a rotary tablet press, using’/4 inch round concave
punches. Finished tablet cores are de-dusted and placed in a container to await coating. Prior
to the start of the manufactuning run, pre-production runs are performed to adjust the speed
and compression of the press in order to meet the targeted tablet-core weight, thickness, and
hardness. In addition, friability and disintegration are measured. During the manufactuning
run, tablet-core samples are taken at periodic intervals o ensure that the tablets contime to
meet the targeted tablet weight, thickness, and hardness. Representative tablet cores are taken
during the beginmng, middle, and end of the production run for additional testing for
hardness, thickness, weight, friability, and disintegration. The average tablet-core weight
st be within £5% of the targeted tablet-core weight. The number of tablet cores, sample

tablet cares, tablet-core waste, and blend waste are reconciled and the percent accountabihty



Eructation 0 0 O flatulence 1 1T3 Haematochezia j0 01 | HemorrhoidsFO

calculated. The percent accountability must not be less than 95% and not more than 103%. A

schematic of the tablet core manufacturing process is presented below.

Schematic of Tablet Core Manufacturing Process
] Weigh crofelemer [
!
| Weigh magnesium stearate I
1
| Blend |
, l,
| Compress tablets |
i)
| De-dust |

|

| Collect tablet cores for coating [

II. COATING OF TABLET CORE

{00118} The amount of Eudragit®, triethy] citrate, tale, and purified water is calculated
and staged based on a nominal tablet-core weight gain of 10%. Punfied water is charged into
a suitable container equipped with a high-shear mixer. The triethyl citrate and tale are added
to the contaner and mixed until homogenmzed. In a separate container equipped with a
propeller mixer, the Eudragit® dispersion is charged and mixed. The triethyl citrate and tale
dispersion 1s added to the Eudragit® dispersion and is confinuously stirred throughowt the
spraying process. The pan-coater machine parameters are adjusted as appropriate and the
lines are charged with the coating dispersion. The tablet cores are charged in a coating pan
and warmed to 35 fo 40°C while jogging the coating pan. Once at temperature, the average
weight of the tablet cores is recorded and the targeted coated tablet weight is calculated.
Subsequently, the tablet cores are sprayed and periodically weight-checked unti] the targeted
weight gain 1s met. The targeted spray rate (4 fo 8 g/min‘kg of tablet cores), the targeted
exhaust temperature (35 to 40°C), and inlet temperature are momtored at frequent intervals,
The tablets are cured for 30 minutes at 45 1o 50°C. and then cooled. Representative enteric-
coated samples are taken for testing. The average enteric-coated tablet weight must be wathin
+5% of the targeted enteric-coated tablet weight.

[00119] The weight of enteric-coated tablets, enteric-coated tablet samples, and
theoretical quantity of enteric-coated tablets are determined and the percent accountable vield
calculated. The percent accountable vield must not be less than 95% and not more than
103%. The tablet-core spray-coating process 1s illustrated below.

Schematic of Tablet-Core Spray-Coating Process
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1 00" NauseaF3 0 Urgency 00 No. of Other AEs 111 12 15

| Add triethy] citrate and {alc to punfied water |
4

\ Homogenize |
!

| Mix Eudragit® dispersion ;

4
Add triethyl aitrate and tale dispersion to
Eudragit® dispersion
)

\ Mix |
!

! Add tablet cores to pan coater |
L

| Heat to 35-40°C {exhaust temp) |

L
Spray tablet cores (4-8 g/min'ke of tablet cores)
until targeted weight gain 1s reached
L

| Cure at 45-50°C \
k

| Caol |
!

\ Collect enteric-coated tablets for over-encapsulation | |

i

III.  MANUFACTURE OF OVER-ENCAPSULATED ENTERIC-COATED
TABLETS

100120} The enteric-coated tablets and mucrocrvstalline celluose are staged separately
for the over-encapsulation of each capsule strength. The amount of microcrystalline cellulose
to be encapsulated 1s calculated 1n order to achieve a nominal 600 to 800 mg capsule weight,
dependent upon the exact dosage form (125 mg. 250 mg, or 500 mg). The average weight of
the capsules 15 calculated based on an average of 100 capsules. The capsules are filled using &
semi-automatic over-encapsulation machine fitted with Size 00 change parts and adjusted to
dehiver the proper amount of tablets and mucrocrystalline cellulose, Pre-production runs are
performed in order to adjust the fray fill weight, the Add tablet cores to pan coater number of
tums on the tamper, and the number of times tamped in order to meet the targeted gross
capsule weight {capsule shell plus tablets and microcrystalline cellulose). Each tray is
prepared by placing the capsule bodies in the capsule tray. Each capsule body 1s filled with
the targeted amount of tablets and microcrystalline ¢ellulose to achieve the targeted fill. The
caps are placed on the bodies and closed. The capsules are removed from the tray and de-
dusted. A compostte of capsules from cach tray is coliected and weighed for in-process and

release testing. The average capsule weight is within £5% of the targeted capsule weight. The



14

Other Events (> 1 AE/group) Dizziness 10 3

process is then repeated until the desired mumber of capsules is filled. Damaged capsules,
enteric-coated tablet waste, and microcrystalline cellulose waste are collected for final
product reconciliation. A composite of the fimshed capsules 15 sent for release testing. The
number of fimshed capsules, sample capsules, damaged capsules, and drug substance waste
are reconciled and the percent accountahility is calculated The percent accountability must
not be less than 95% and not more than 103%. A schematic of the over-encapsulation of the
enteric-coated tablets is presented below.

Schematic of Over-Encapsulation of Enteric-Coated Tablets
Weigh microcrystalline cellulose and
enteric-coated tablets

Place capsule bodies in
over-encapsulation machine

Fili capsule bodies with tablet(s) and
microcrystalline celiulose

\ Cap capsule bodies and remove capsules |

[ De-dust |

EXAMPLE 4: EFFECT OF ENTERICALLY COATED PROANTHOCYANIDIN
POLYMER COMPOSITION ON PATIENTS SUFFERING FROM
DIARRHEA PREDOMINANT IRRITABLE BOWEL SYNDROME

4A. TREATMENT

(00121} The study was a 16-week, multi-center, Phase 2, randonmuzed, double-blind,
placebo controlled study in subjects with diarrhea predominant irntable bowel syndrome (d-
IBS). Two-lundred and forty-six (246} subjects, meeting the defimition of d-IBS as supported
by the Rome 11 Criteria for the Diagnosis of IBS were randomized into four groups: placebo,
125 mg tid, 250 mg bid, and 500 mg bid. The study consisted of a 2-week Determine average
weight of capsules freatment-free screemng penod, & 12-wesk blinded treatment period,
foliowed by a 2-week treatment-free follow-up pericd.

[00122] During the 2-week screening period, subjects self-reported daily information
about the status of their d-IBS symptoms via & touch-tone telephone diary. This included
information about abdominal pain and discomfort, stool frequency, consistency and urgency.
If the subject contimued to meet the inclusion critenia at the end of the screerung peniod, and
the information captured in the diary dunng the screemng penod indicated they had active d-

IBS {mean daily stool frequency > 2; pain score > 1; stool consistency > 3 (5-point Lickert



Headache7 2F1 Anxiety O InsomniaO O 2 Rashl 701 'possible, probably, or likely related. [00126]In
general, crofelemer 125 mg bid, as shown in Table 5 exhibited a consistent response among most
efficacy endpoints in females. There appeared to be little efficacy in

scale for pain and consistency)], subjects were randomized into one of four groups according
to a computer-generated central randomization schema.

[00123] During the 12-week double-blind treatment period, subjects continued to
record daily and weekly assessments via a touch-tone telephone diary system as instructed.
Subjects were seen every 4 weeks during the treatment period for study assessment visits at
which time they received additional study medication.

[00124] During the 2-week treatment-free follow-up period, subjects continued to
record dally and weekly assessments.

Results:

[00125] There were no drug-related serious adverse events. Adverse event rates were

similar across all dose groups as shown in Table 4. There were no drug- or dose-related
differences in constipation.

Table 4: Summary of Adverse Events'

Placebo 125 mg bid | 250 mg bid | 300 mg bid

No. Subjects/Group 61 62 59 62

No. Subjects with > 1 AE 14 12 15 i3

No of GI AEs 7 10 10 i0

1 Event
Abdominal distention { 1 0 1
Abdominal pain 1 2 1 2
Abdominal tenderness 0 0 1 0
Constipation 1 3 2 1
Dharrhea 1 2 i o
Dry mouth 0 0 0 2
Eructation 0 0 0 1
Flatulence 1 | 3 I
Haematochezia 0 0 1 0
Hernorrhoids 0 | { 0
Nausea 3 ] 1 )
Urgency 0 0 0 I

No. of Other AEs 11 12 15 14

Other Events (> 1 AE/group)
Dizziness 1 O 3 0
Headache 2 2 1 3
Anxiety 2 ¢ 9 1
Insomma 0 ¢ 2 i
Rash 1 2 0 0

'possible, probably, or likely related.

[00126] In general, crofelemer 125 mg bid, as shown in Table 5 exhibited a consistent

response among most efficacy endpoints in famales. There appeared to be little efficacy in



males; however, group size was too small (13-16/group) to analyze separately. Since crofelemer
produced no constipation, stool consistency scores approached normal and were not different from
placebo. In all other endpoints (frequency, urgency, adequate relief, and pain), there was an
improvement in activity with each successive month and during the 2 week treatment-free follow-up
period syrnptoms began approaching baseline Ievels as expected Crofelemer 500 mg hid also had a
statistically signifi Gant %féfreCtg on aslll‘zle(O 48 Qecreas % ) gf%%reb %2 44% mcreag{i np n free days).
There were Fef‘na?e Isease ottliers (t s/day at'baseline’ ERdWere >3 standard
deviations ﬁ@ﬁqlﬂﬁ@maﬁlsmffre@m@m@mi aﬂb@hnmtze%’fmmd@ﬁm%wbmmm%°
representafiye glihe:d B pRRURNoR Leathih IS ADGIRE (emoued om.alhanalses

presented in this summary. As shown in Table 6, crofelemer at 250 mg and 500 mg hid had less of
an effect oR e HRTEy SRR ANBRIEHRYHHAN AW BZEEB b FHC S EbfEcoRdniad Winersheldmer 500
m bid had agspatenthan: TRl %ﬁ&@@e'ﬁ)@@&dﬁ'@%tﬂﬁ{@%%edﬁ %&g@b&@ﬂ&gﬁ%ﬁ%&qm@ﬁr% to

placebo; there m rgé?n stool consistency vg?s 0.22 pomts hi her (closer. to loose consistenc ) as

compared fOBIEEERG FEEY: IR H Erdrdidineess dﬁﬁrﬁéfﬁaﬁe%ffeﬁd%.ww
Placebo) . decr%esuﬂSpﬁﬁrﬁjsie,nw.&@rﬁmr&,s@&IE Saliriest (8t00)s/May} -RefUigencycRigedays 112%
Pain score ogﬂézlezr; ( ﬁgg E)%%ISdeay at baseline and were >3 standard deviations from the mean
stool frequency of all randormzed female subjects) that were not representative of the d-IBS
population used in this study and were removed from all analyses presented in this summary.
As shown in Table 6, crofelemer at 250 mg and 560 mg bid had less of an effect on
frequency and consistency than the placebo group. Subjects treated with crofelemer 500 mg
bid had a greater than half of stool per day mean increase in stool frequency as compared to
placebo; there mean stool consistency was 0.22 points higher (closer to loose consistency) as

compared to placebo.

Table 5: Efficacy of Crofelemer 125 mg bid in Females

Endpoeint (A from Placebo) Results'
Consistency Score -0.03
Frequency {stools/day) -0.7
Urgency Free Days 11.2%
Pain score -0 42*
Pain Free Days 12.76%*
Adequate Relief 16%

"Month 3 results; observed case analvsis with disease outliers (mean baseline frequency >9
stools/day) retnoved from all groups. “statistically sigmficant at p<0.05

Table 6: The Effects of Crofelemer.250 and 504 mg bid on stool consistency and
frequency

Endpoint (A from Placebo) 250 mg bid' | 500 mg bid'

Consistency Score 0.19 0.22

Frequency {stools/day) 0.24 0.60

"Month 3 results: observed case analysis with disease outliers (mean 1 >9 stools/day)
removed from all groups.

[00127]

climically stgnificant decrease in stool frequency. Use of crofelemer lad to a decrease of

As seen i Figure 4, female subjects treated with crofelemer 125 mg bid had a

greater than one bowel movement per day. The month-te-month improvement in stool

frequency was contrasted by the placebo effect dirmnishing at month two as values began to
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12.76%* deo uate Relief 16%, 'Month 3 results; observed case analysis with disease outliers (mean
baseline frequency >9 stools/day) removed from all groups. 'statistically significant at p<0.05 Table
6:The Effects of Crofelemer.250 and 500 mg bid on stool consistency and frequency Endpoint (A from
Placebo) 250 mg bite - 00 bid' Consistency Score 0.19 0.22

approach baseline. When the treatment-free period began at the end of month three, the
subjects stopped taking crofelemer and the effect began to go away as expected.

[00128] As seen in Figure 5, crofelemer produced an increase in urgeney free days. At
Month 3, there was a 35.1% increase in urgency free days in the crofelemer group versus a
23.9% increase in urgency free days observed in the placebo group. There was a month-to-
month improvement, as commonly seen. The placebo effect peaked at month two and
abruptly decreased as values begin to approach baseline. When the treatment-free period
began at the end of month three, the subjects stopped takang crofelemer and the effect began
to go away as expected.

[00129] As seen in Figure 6, administration of crofelemer produced an increase in the
percentage of subjects reporting adequate relief of d-IBS symptoms. Since d-IBS is
comprised of a group of symptoms, the adequate relief endpoint is an overall assessment by
the patient as to how well the treatment 1s addressing their d-1BS symptoms. Crofelemer at
125 mg bid caused a 16% increase in the adequate relief of d-IBS symptoms as compared to
the placebo group. With the observed analysis, there was a month-to-month 1mprovement in
activity of crofelemer, ie., the longer the patient took crofelemer, the greater relief of
symptoms. As previously seen with other endpoints, the placebo effect peaked at month two
and decreased thereafter.

[00138] Diarrhea-predominant IBS is differentiated from many functional bowel
diseases by the close association of pain with changes in bowel habits. As defined by the
Rome 11 Cntena for the Diagnosis of IBS, pain must be associated with abnormal bowel
habits and the improvement of the bowel habits should be asseciated with the improvement
of pain. In this study we have measured pain score with a S-point scale, where 0 1s none and 5
is severe; and the presence of pain free days. As shown in Figure 4 and Figure 5, female
subjects treated with crofelemer (125 and 500 mg bid) had chinically and statistically
significant (p<0.05) decreases in both pain score and pain free days. The effect 1s quite
consistent as observed in the weekly pain score results shown in Figure 6. Thas effect on pain
relief was unexpected and surprising.

[00131] in conclusion, crofelemer at 125 mg bid, was safe and its admunistration
resulted in improvement in the efficacy endpoints of pain, adequate relief, frequency, and
urgency in female subjects. Crofelemer at 250 and 500 mg bid was safe and, compared to
placebo, appeared to worsen the diarrheal symptoms of conststency and frequency.
Crofelemer at 125 and 500 mg bid produced a statistically sigmificant decrease in both pain

score and pain free days in female subjects with d-1BS.
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Frequency (stools/day) 0.24 0.60 'Month 3 results: observed case analysis with di removed from all
groups. ase outlier (mean 1 >9 stools/day) 1001271As seen in Figure 4, female subjects treated with
crofelemer 125 mg bid had a clinically significant decrease in stool frequency, Use of crofelemer led to
a decrease of greater than one bowel movement per day. The month-to-month improvement in stool
frequency was contrasted by the placebo effect diminishing at month two as values began to
approach baseline. When the treatment-free period began at the end of month three, the subjects

oD o TR SRS ST PP P e o

[00132] To finther mnmvestigate the mechanism of action of crofelemer, crofelemer at 10
and 100 pg/mL was evaluated m a selected panel of cellular eytokine release assays (IL-1q;
TNF- o -mnduced and 1L-1-induced PGE2 release; IFN-v; IL-2, [L-4; IL-35; IL-6; IL-8; IL-10
and TNF-oy and molecular assays (COX-1 and COX-2 enzyme assays, and glucocorticoid,
serotomn SHT3, 8-opiod, x-opiond, p-opiod, and non-selective opiod receptor binding
assays. Crofelemer was alse tested mn cviotoxicity assays corresponding to the ConA- and
LPS-1induced cytokine release assays as well as those corresponding to the TNF-a- and [L.-1-
induced PGE release assays.

[00133] At both 10 and 106 pg/mL, crofelemer caused a 73% and 100% intubition in
the COXI and COX2 enzyme assays, respectively,

[00134]) Further, crofelemer exhibited sigmficant (> 50%} inhibition in the ITFN-y; IL-2,
IL-4; IL-6; IL-8; IL- 10 and TNF-a cytokine release assays as well as in the TNF- ¢ -induced
and [L-1-induced PGE2 release assays at 10 and 100 ug/mL (e, all cytokine release assays
with the exception of IL-5). Crofelemer also displayed sigrnuficant cyvtotoxic activity in the
ConA and IL-I-induced PGE2 cylotoxicily assays suggesting that in the ConA-mediated
cytokine release assays (IFN-vy, IL-2, IL-4 and IL-10} and the IL-I-induced PGE2 release

assay mav be due to general cytotoxicity.

EXAMPLE 6: ANIMAL TOXICITY STUDY

[00135] In an amimal toxicity study, crofelemer was demonstrated to produce diarrhea
in dogs at dosages of 175 mg/kg/day and 600 mg/kg/day.

[00136] In a separate example, diarrhea was induced in healthy human volunteers ina
phase | study at a dosage of 2000 mg/day.

[060137] Many modifications and variations of this invention can be mads without
departing from 1ts spirit and scope, as will be apparent to those skilled in the art. The specific
emmbodiments described herein are offered by way of example only, and the mvenfion is to be
limited only by the terms of the appended claims, along with the fill scope of equivalents to
which such claims are entitled. Such modifications are intended to fall within the scope of the
appended claims.

[00138] All references, patent and non-patent, cited herein are incorporated herein by

reference m their entireties and for all purposes to the same extent as if each individual
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Month 3, there was a 35.1% increase in urgency free days in the crofelemer group versus a 23.9%
increase in urgency free days observed in the placebo group. There was a month-tomonth
improvement, as commonly seen. The placebo effect peaked at month two and abruptly decreased as
values begin to approach baseline. When the treatment-free period began at the end of month three,
the subjects stopped taldng crofelemer and the effect began to go away as expected [001291As seen
in Figure 6, administration of crofelemer produced an increase in the percentage of subjects reporting
adequate FSIRIH O BSPEHHtE MU ARR G4EE Kasomstiae vragraiisidrdbnipibmiediie Mequate
relief endppitiris> a0 eraifassessmerhinstheopatieatasdo how well the treatment is addressing their
d-IBS symptoms. Crofelemer at 125 mg bid caused a 16% increase in the adequate relief of d-IBS
symptoms as compared to the placebo group. With the observed analysis, there was a
month-to-month improvement in activity of crofelemer, i.e., the longer the patient took crofelemer, the
greater relief of symptoms. As previously seen with other endpoints, the placebo effect peaked at
month two and decreased thereafter. 1001301Diarrhea-predominant IBS is differentiated from many
functional bowel diseases by the close association of pain with changes in bowel habits. As defined by
the Rome Il Criteria for the Diagnosis of IBS, pain must be associated with abnormal bowel habits and
the improvement of the bowel habits should be associated with the improvement of Rain. In this study
we have measured pain score with a 5-point scale, where 0 is none and 5 is severe; arid the presence
of pain free days. As shown in Figure 4 and Figure 5, female subjects treated with crofelemer (125 and
500 mg bid) had clinically and statistically significant (p<0.05) decreases in both pain score and pain
free days. The effect is quite consistent as observed in the weekly pain score results shown in Figure
6. This effect on pain relief was unexpected and surprising. [001311In conclusion, crofelerner at 125
mg bid, was safe and its administration resulted in improvement in the efficacy endpoints of pain,
adequate relief, frequency, and urgency in female subjects. Crofelemer at 250 and 500 mg bid was
safe and, compared to placebo, appeared to worsen the diarrhea' symptoms of consistency and
frequency. Crofelemer at 125 and 500 mg bid produced a statistically significant decrease in both pain
score and pain free days in female subjects with d-IBS. EXAMPLES: INVESTIGATION OF
CROFELEMER MECHANISM OF ACTION [00132]To further investigate the mechanism of action of
crofelemer, crofelemer at 10 and 100 ug/mL was evaluated in a selected panel of cellular cytokine
release assays (IL-la; TNF- a. -induced and 1L-1-induced PGEZ2 release; IFN-y; IL-2, IL-4; IL-5; IL-6;
IL-8, IL-10 and TNF-a) and molecular assays (COX-1 and COX-2 enzyme assays, and glucocorticoid,
serotonin 5HT3, 6-opiod, r-opiond, u-opiod, and non-selective opiod receptor binding assays.
Crofelemer was also tested in cytotoxicity assays corresponding to the ConA- and UPS-induced
cytokine release assays as well as those corresponding to the TNF-a- and IL-1- induced PGE release
assays. 1001331At both 10 and 100 ue/mL, crofelemer caused a 73% and 100% inhibition in the COXI
and COX2 enzyme assays, respectively. [00134]Further, crofelemer exhibited significant (> 50%)
inhibition in the IFN-y; IL-2, IL-4; IL-6; IL-8; IL- 10 and TNF-a cytokine release assays as well as in the
INF- a -induced and IL-1-induced PGE2 release assays at 10 and 100 ug/mL (i.e., all cytohne release
assays with the exception of IL-5). Crofelemer also displayed significant cytotoxic activity in the ConA
and IL-l-induced PGE2 cytotwacity assays suggesting that in the ConA-mediated cytokine release
assays (IEN-y, 1L-2, IL-11 and 1L-10) and the IL-1-induced PGE2 release assay may be due to
general cytotoxicity.



EXAMPLE 6: ANIMAL TOXICITY STUDY 1001351In an animal toxicity study, crofelemer was
demonstrated to produce diarrhea in dogs at dosages of 175 mg/kg/day and 600 mg/kg/day. [00136]In
a separate example, diarrhea was induced in healthy human volunteers in a phase | study at a dosage
of 2000 rug/day. 1001371Many modifications and variations of this invention can be made without
departing from its spirit and scope, as will be apparent to those skilled in the art. The specific
embodiments described herein are offered by way of example only, and the invention is to be limited

only by th trifgl ‘ | claims, along with the full scope of equivalents to which such claims
are entitlef}.‘ uci?gtogcﬁ'rica |‘ghqg?§e intended to fall within the scope of the appended claims.

[00138]All yefere on- cite in.are.incor ted in by re ce in their
entireties ghd%orﬁaﬁﬁétﬁ%gsg%%o t 'e%é%ngg) g%%g?%é@ e%%th %ﬁ%}?ﬁf)uﬁ&%ﬁ Ifggt([i%lﬁ%(?r g%tég%;%r patent
application wasspesificalinaRtisnad/iduatstindicaredde behderpornbdbgrefdtericaniariteentirety for

all purposes WAL 1%%@@4{%[@}@59; ﬁqigngplqga%});gg;}irggp_cgﬁgy@@eti@rﬁggpg@ggnant irritable bowel

syndrome (c-IBS), comprising administering to a patient in need of such treatment, an amount of an

extract or fatex isatated from:eaown spRupsCalpplivinm:spRraiigetivedeitreat &dBS. @-meethod of
treating constig)ationq—.predg%nin?nt irrittable 1:tgov%/el S n{?rg}me (c-IBS), ormprisiﬁ%aﬁ?minésterin to a
patient in need UL tTERIMETT En amdUito an%eo VTSI BRSSP NIB R o lated
from Crown spmaotiGeafeplyilunmppptiefiectiveddrtreal @B $p. or Calophyliium spp. effective to

treat c-IRS.

3. The method of claim 1 or 2, in which said amount is bicequivalent to an orally

administered dose of about 250 mg per day to about 4000 mg per day of crofelemer.

4. The method of claim 2, in which the polymer composition comprises at least one
monomer selected from the group consisting of catechin, epicatechin, gallocatechin and

eprgallocatechin.

5. The method of claim 2 wherein the polymeric proanthocyvanidin composition is

crofelemer.

6. The method of claim 5, in which crofelemer is orally administered in an amount of

between about 250 mg per day and about 4000 mg per day.

-}

The method of claim 1 or 2, in which the treatment comprises reducing one or mors

symptoms of ¢-IBS.
8. The method of claim 7, in which the symptom 1s pain or abdominal discomfort.
9. The method of claim 8, in which pain or discomfort 1s reduced by at least 10%.

10. The method of claim 7, in which the symptom is constipation or less than normal stool
frequency.

11. The method of claimm 10, in which stool frequency 1s increased by at least one additional
bowel movement per week,

12. A method of treating alternating constipation-predominant/diarrhea-predominant irritable
bowel syndrome {a-1BS), comprising administering to a patient in need of such treatment,

an amount of an extract or latex tsolated from Crofon spp. or Calophyviium spp. effective
fo treat a-1BS.
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3 The method of claim 1 or 2, in which said amount is bioequivalent to an orally administered dose of
about 250 mg per day to about 4000 mg per day of crofelemer. 4 The method of claim 2, in which the
polymer composition comprises at least one monomer selected from the group consisting of catechin,
epicatechin, gallocatechin and epigallocatechin. 5 The method of claim 7 wherein the polymeric
proanthocvanidin composition is crofelemer. 6 The method of claim 5, in which crofelemer is orally
administered in an amount of between about 250 mg per day and about 4000 mg per day. 7 The
method ofl Slafmmetbpd ofrivaiich aHermedamront torhphisessirstdnentd anbearmndraymipotiadlef c-1BS. 8.
The method of glanyhich{be.SMmptoshisital AL ahdaminal diseasfar »2. T hesmethod:atglaim 8, in

which pain or discomfort is reduced by at least 10%. 10. The method of claim 7, in which the symptom
is constipatioFlotTEe& %At rRSmatEt oG i1 comROHHII ot B fiam 6 irfarhieR: <thol

frequency is ingrgased Ryt Igastioneadditionat bowel movement per week 12. A method of treating
alternating constipation-predominant/diarrhea-predominant irritable bowel syndrome (a-IBS),
comprising4adinistéridgdd capatiéht on heechofbisbhdreatmenttan binaunt Hé@ntextractdhiatex

isolated from CGroton spp..or.Cal T//g m spp. effective 0,] ta-IRS, 13, A method of treating
temating e R e e T o p,

comprising AeINRIRIIAG,FAR:RAHE NH ARSI SHED e AT N AR RAYMENC.q

proanthocyanidin composition isolated from Croton spp. or Cal ophyllum spp. éffective to treat a-IBS.

14. The meth&FoPicahit £9bme aeiinHirAbeald avidtmPr fyehEiokIERtYo an orally administered
dose of ahout 50 mg per day to about 400 er day of crofelemer. 15. The method. of claim 14, in
Wwhich said B SS BH o arBrahy i PR o dECBF LU0 AT & abot
1500 mg per daj:hieiofelemer. 16. The method of claim 13 in which the polymeric proarithocyanidin
composition is crofelemer.
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