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CADOTRIL PARTICLEDS

FIELD OF THE INVENTION

{3681 The present mvention relates o cadotril particies. The mvention also relates to
methods of manutacturing the cadotril particles; dosage {orms containing the cadotrid
particles; methods of manufacturing the dosage forms; and methods of treatment usmg the

dosage forms.

BACKGROUND OF THE INVENTION

{3G82] Drarrhea or diarrboea 15 defined by the World Health Urganization as a condition of
having at least three loose or hguid bowel movements cach day or as having more stool than
is normal for that person.’ It often lasts for a few days and can result in dehydration duc to
fluid loss.

{0831 The most common cause of diarrhea 15 an micction of the mtestines due to a virus,
bactera, or parasiie, a condition known as gastroenteritis. These infections are often acquired
from food or water that has been contaminated by stool, or directly from another person who
is infected. A number of non-mfectious causes may also result in diarrhea meluding:
hyperthyroidism, lactose mtolerance, mflammatory bowel disease, a number of medications,
and wrritable bowel syndrome among others.

{30834 Prevention of mfectious diarrhea 18 by mmproved santtation, clean drinking water, and
hand washing. Oral rehydration solution (ORS), which 1s ¢lean water with modest amounts of
salt and sugar, along with zing tablets are often employed. In those with severe dehydration,
intravenous tluids may be required.

10065} About 1.7 to & billion cases of diarrhea occur pet year,” Tt is most common in
developing countries were young children get diarrhea on average three times a vear.

Worldwide, as of 2012, 1t 1s the second most common cause of death in children less than

I See Diarrhoeal Disease Fact Sheet N°330, World Health Organization, April 2013,
2See Diarrhioea: why children are still dymng and what can be doue, The United Nations Children’s Fund, World
Health Organtzation, 2004
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five (0.76 million or 11%%). Frequent episodes of diarrhea are also a common cause of
malnutrition and the most common cause in those less than five years of age. Uther long
term problems that can result mchude poor physical and mteliectual development.

[G886] Chromie diarrhea can be the part of the presentations of a number of chronic medical
conditions affecting the intestine. Commion causes nciude ulcerative colitis, Crohm's disecase,
nICTosCopIC colitis, cehac disease, wrritable bowel syndrome and bile acid malabsorption.
{8671 While antibiotics are beneticial in certain types of acuie diarrhea, they arc usually not
used except in specific situations as some bactena develop antfibiotic resistance. Antibiofics
themselves can also ¢cause digrrhea, and antibiotic-associated driarrhea 18 the most common
adverse ettect associated with treatment using general antibiotics.

[GG88] Anti-motility agents Like loperamide are also ctfective at reducing the number of
stools but not the duration of disease.”
[$B88] Probiotics are “friendly” bactena that have proven benchicial m the treatment of
diarrhea.”

{#318] Racecadotrid (shown below), also known as acetorphan or (RS)-benzyl N-{3-
{acetyithio)-2-benzyipropanovl]glycinate, 15 an antidiarrheal drug whach acts as a peripherally
acting enkephalmase mhibitor. Unlike other medications used to treat diarrhea, which redoce
mitestinal motility, racecadotril has an antisecretory etfect, 1.e., #t reduces the secretion of
water and electrolvtes 1o the intestine. Racecadotrd exhibits an origmal miestinal
anfisecretory action, by protecting endogenous enkephalines agamst the degradation thereof,
By improving the biclogical activity of these neurgpeptides at the delta opiate receptors,
racecadotril reduces the hydroglectric flows i the mtestinal lumen, which flows are
otherwise mercased i diarrheal discases of various origins. Racecadoiri 1s selective m that
the mtestinal hypersecretion (or reduced electrolyte reabsorption) which charactenizes

diarrhoea and s responsible for severe states of dehydration 1s greatly reduced withowt

3 See Diarrhoeal Disease Fact Sheet N°330, World Health Organtzation, April 2013,
4 See Dupont, H. L., Acute mifectious diarrhea m immupnocompetent adulis, New Eangland Journal of Medicine,
2014, 37(0:1532-44,

Systeranatic Reviews 2014, Issue 11, Art. No.: CDOO3048. DO 10.1002/14651858.CDO03048 pub3.
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altering the transit.” This model contributes to the particularly beneficial propertics of
racecadotril, as has already been shown in clinical trials and post-marketing study.’

({8811} In chnical trials as well as m standard practice, racecadotri 15 generally admimsiered
m 100 mg capsules, taken three times a day, n order to ensure complete inhibition of the
targeted peptidase throughout the day without interruption. A twice a day (b.1.d.) tablet has
also been studied.

{36121 Racecadotril 1s sold in the market in a number of countrics under the fradename

HIDRASEC® {trademark of SmuthkKime Beecham) and TIORFAN® {trademark of Societe

Civile de Recherche Bioprojet), One marketed form s a dry powder filled 1o a hard gelatin
capsule.

(80131 It 1s desirable to have additional formulations of racecadotril.

[8814] Dexecadotril (shown below), also known as R-acetorphan or N-{{R}-2-Benzyi-3-
(acetylithno propronyi]glveme benzyi ester; N-{{R)-2-[{ Acetvithioymethyl |- 1-0x0-3-
phenylipropyl]glycine benzyl ¢ster is the R enantiomer of racecadotril.

{80158} Ecadotril (shown below), also known as S-acetorphan or N-{{5})-2-
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Headotril

{8816} Throughout the disclosure “cadotril” will be used to include racecadotril, dexecadotrd
and/or ecadotril.

{88171 Racecadotril 1s a class H dmg {(as per Biopharmaceutical Classification System) with
poor aqueous solubility and dissolution rate himited absorption. Racecadotril undergoes
hydrolysis when it comes mto contact with water. There are two major pairs of hydrolysis
products, 1.e., benzyi alcohol and EP Impurity C and thivacetic acid and EP Impurity .
Thiorphan, which 1s a product of the hvdrolysis reaction, 18 not @ major degradation product.
Thiorphan {(shown below) 1s the active metabokite of racecadotnid, which exerts the bulk of is

mhibitory actions on enkephalinase.
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{3018] ULS. Patent No. 4,513,009 to Bioprojet discloses racecadotrd and some of s
therapeutic applications.

{8019] U.S. Patent Nos. 5,331,008; 5,296,509; 5,208,255; and 5,136,076 to Bioprojet
disclose enantiomeric forms of racccadotrid.

[B828] U.S. Patent No. 6,919,003 to Bioprojet discloses a dry powder racecadotrid
tormudation that comprises coated granules and specified excipients.

{80211 ULS. Patent No. 8,222,294 ¢ Bioprojet discloses a combination that comprises

racecadotril or dexecadotril with ondanseiron or granisetron.
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{0221 ULS, Patent No. 8,318,203 1o Bioprojet discloses a racecadotnil tablet that comprises a

coated core and specitied excipients.

[§0231 U.S. Application No. 20130331423 to Bioprojet discloses an aqucous suspension that
comprises racecadotril,

{4241 WOZ001097803 to GlaxoSnuthi ine discloses a granulate formulation comprising
racecadotry and specified excipients.

{BO2S] U.S. Apphication No. 20020028248 to Tsukada et al. discloses rapid-release
microdispersible preparation contaming ccadotrid,

{00261 CN102133186 to Haman Meida Pharmaceutical Co. discloses a hiposome racecadotrid
solid preparation that comprises spectficd ingredients mn specified relative weight ratios.
G271 CN101103960 {0 Haman Shengke Life Scientific Rescarch Instibite and
CN102327234 t0 Hainan Honz Pharmaceutical Co., [td. cach disclose racecadotnl
containing dry suspensions that comprises specified mgredients.

{BO28] CIN1(1264065 to Yancheng Suhai Pharmaceutical Co., Ltd. discloses a racecadotrid
dropping pill that comprises specified mgredients m specified weight rafios.

G029 INZ2011012758L, INZ2OLI01274 ) and IN201 101191211 10 Akums disclose
pharmaceutical formulations that comprise (1) racecadotril and (2) ofloxacin and/or
ornidazole.

[BO38G] INZ2OURGUBE4IS to Torrent Pharmaceuticals Limited discloses a resinate complex that
comprises racecadotril.

031} INZ20060165213 to Torrent Pharmaccuticals Limnted discloses a taste-masked
composition that comprises particles comprising racecadotril and a low melting excipient,
The composition is preparced by dispersing racecadotrii in a melt; cooling the dispersion at
roorn temperature to form a sohiditied mass; and milling the solidified mass to obtain
racecadotri particles.

[B0321 U.S. Application No. 20140005262 to McNed-PPC, Inc. discloses a composition that
comprises racecadotril, at least one surtactant and a hipid.

{B033] U.S. Application No. 20140005261 to McNed-PPC, Inc. discloses a hguid

composition that comprises racecadotril and cyvelodexirin,

(A3
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{034] EPZ2749270 discloses a dispersibie tablet comprising racecadotrid coated with an
acryhic acid polymer or a cellulose polymer by a wet granulation method.
[0035] There continues 10 be a need for cadotni products having the attributes discussed

above.

SUMMARY OF THE INVENTION

13036} The art recogmzes that cadotrils such as racecadotril are ditficult to formulate mto
compositions because of theiwr hydrophobic and chemically onstable nature. In addition,
cadotrils such as racccadotryd are known to have a bitter taste. There is thus a need tor
afternative compositions of cadotrils such as racecadotrd, The present mventors have found
that various types of formulations may be prepared usmg the cadotrd particies of the
mvention.
{30371 The present mvention relates 1o cadotril particies. The cadotril particies exhibit
reduced degradation m various environments. The cadotrid particles also taste mask the
bitterness often experienced when mgesting dosage forms contaiming cadotni,
[G838] The invention also relates to methods of manufacturing the cadotrd particles; dosage
forms contaming the cadotril particies; methods of manutacturing the dosage forms; and
methods of treatment using the dosage forms.
{$838] In accordance with an embodiment of the mvention, cadotril particles are prepared as
follows:

cadotrd and wax are melted while nuxing;

the molten cadotril/wax muxture 18 dispersed m hot water;

the hot dispersion is transterred into another contamer containing ambicnt/cold water;

the dispersed droplets of cadotril/wax congeal as a result of the rapid drop n
temperature and form fine/spherical particles;

the fime/spherical particles are filtered and dried.
The process of the mvention can be used o manutacture cadotril particles that range i 5178
from about 5U microns 1o about U0 microns, preferably from about 170 to about 300

microns, more preferably about 250 mucrons. Table 1 below shows the results of

&
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measurement of the cadotnl particlies prepared m accordance with an embodiment of the
vention {(see Example 1), where the material was sereencd and the amount of matenal that

stayed on the screen was assessed. As can be seen, most of the particies 1n Table 1 arg 250

MICrons or large

E@QM{}} Table 1
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QBM'H. The process of the mvention can be used {0 manufac‘tme cadomi parmies with a

narrow particie size range. Mixing speed; congealing; nozzie size can be modified to vary

particic sizes.

({3042} The process of the invention can be used to manutacture cadotril particies for use

various pediatric and adult dosage forms, For example, the process of the mvention can be

used to manufacture cadotni particics for use m dosage torms including, but not hmited to,
caplets, capsules, films, granules, powders, , suspensions, , tablets and other dosage forms

suttable for oral admimstration.

{843} The dosage forms can be, ¢.g., chewable, eftervescent, orally disintegrating or

swallowable,

{0044] In a preferred embodiment, the cadotnl parficies can be uvtilized i hquad dosage

forms such as suspensions. According to this embodiment, the particles may or may not be

dried prior to incorporation o a suspension vehicle,

[3845] In a preferred embodiment, the suspension s prepared as follows:

cadotrid and wax are melted while mixing;
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the molten cadotrl/wax maxture is dispersed m hot water or hot water contaming
pharmaceutically preferred suspending agents {e.g., xanthan gum);

the hot dispersion 15 transterred mto another contaimer containing ambient/cold
suspension vehicle;

the dispersed droplets of cadotri/wax congeal as a result of the rapid drop n
temperature and form fine/spherical particles;

the suspension 1s compicted by addition of the excipionts, swecteners, preservatives,
and/or tlavors.
10046] According to another preferred embodiment, the suspension is prepared by separating
the congealed cadotril/wax particles, drving and mcorporating mto a suspension by
combining with excipients and water.
[G047] Waxes and/or lipids with bigh melting pomts {¢.g., about 60° to about 80° C as
measured using, ¢.g., ditferential scarmng calormmetry, can be used m accordance with the
mvention, “Wax” s being used throughout this specification to include waxes and/or lipids
that may be used in accordance with the invenfion. Examples include carnauba wax, glveeryl
behenate, ghycervl tripalmatate, glycerol fristearate and nucrocrystalime wax, Additional
exampics and melting points are set forth 1n Table 2 below.,

Table 2

PCT/US2015/058007

Fxcinients ? Melting Point (7O}

- cocoa butter L 35-37
bydrogenated palm kemnel oit K
- hydrogenated cottonseed oil - 50-60

hydrogenated sunfloweroil K
_hydrogenated soybean oil - 30

glycerylbehenate 0TS
- slvceryl palmitostearate ' 60-70

- glveeryl monostearate - 50—60

glyceryl tistearate LT |
- glveeryl inlaurviate i 47

GIyeOWaR-03 8864
| tauroy] macrogol-32 glyeerides 44

- stearoyl macrogol-32 glycerides 50
S — S —
- carnauba wax R
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-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

| spermaceti wax - 46-50

- beeswax 62-04

candelilawax LOBT2 ]
. shellac wax

microcrystalline wax 60 — ]0

- paraffin wax 37

- Chocolate - 30-35

[0048] Accordimg to another preferred embodiment, the cadoinl particles can be mcorporated
mnto a tablet by combining with excipionts.

[G049] Suitable fillers include, but are not limuted fo, carbohwydrates {as discussed herein) and
water msoluble plastically deforming materials (e.g., microcrystallime cellulose or other
celhulosic dervatives), and mixtares thereof.,

0S8 Suitable adsorbents include, but are not imited to, water-insoluble adsorbents such as
dicalcium phosphate, tricailctum phosphate, silicified mucrocrystalline cellulose {e.g., such as

distributed under the PROSOLYV brand (PenWest Pharmaceuticals, Patterson, NY ),

magnestom alominometasiicate {¢.g., such as distributed under the NEUSILIN brand (Fugt
Chemical Industries (USA) Inc., Robbmsville, NJ)), clays, silicas, bentonite, zeolites,
magnesium sibicates, hydrotalcite, veegum, and miuxtures thereot.

{851 Suntable disintegrants mclude, but are not hmated to, sodium starch glycolate, cross-
imked polyvinyipyrrolidone, cross-hinked carboxymethylcellulose, starches, mucrocrystatime
cellulose, and maxitures thereof,

{00521 Suitable lubnicants inchude, but are not hted to, long chain fatty acids and thew
salts, such as magnesiom stearate and stearic acid, tale, glycerides waxes, and nnxtures
thereof.

[{BS3] Suitable ghdants mcelude, but are not mited to, colloidal silicon dioxade.

{854] Examples of sweeteners mclude, but are not himuted to, synthetic or natural sugars;
artificial sweetencers such as saccharin, sodim saccharin, aspartame, acesulifame, thaumatin,
ghveyrrhizin, sucralose, dihydrochalcone, alitame, miraculin, moneliin, and stevside; sugar
aicohols such as sorbitol, manmmtol, ghycerol, lactitol, maltitol, and xyhitel; sugars extracted

from sugar cane and sugar beet (sucrose), dextrose {also called glucose), fructose {also called

lacvulose), and lactose (alsc calied milk sugar); isomalt, sakis thereot, and mixtures thereof.
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{305S] Examples of superdisintegrants include, but are not hnuted to, croscarmetiose sodmm,
sodium starch glycolate and cross-hinked povidone (crospovidone). In one embodiment the
tablet contams up to about 5% by weight of such superdisintegrant.

[3056] Examples of tlavors and aromatics imchude, but are not limited {0, essential oils
mchiding distillations, solvent extractions, or cold expressions of chopped flowers, lcaves,
pect or pulped whole fnuat contamming maxtures of alcohols, esters, aldehydes and lactones;
essences including either duluted solutions of essential ouls, or muxhures of synthetic
chemicals blended 0 match the natural flavor of the fruit {¢.g., strawberry, raspberry and
black currant); artificial and natural flavors of brews and hquors, ¢.g., cognac, whisky, rum,
oin, sherry, port, and wing; tobacco, cotfee, tea, cocoa, and mint; fnnt puces meluding
expellied puice from washed, scrubbed fruus such as lemion, orange, and lime; spear mint,
pepper mint, wintergrecn, cinnamon, ¢acoc/cocna, vantla, hiquonce, menthoel, cucalvptus,
anisceds nuts (e.g., peanuts, coconuts, hazebuwts, chestnuts, walnuts, colanuts), almonds,
ratsins; and powder, flour, or vegetable material parts mcluding tobacco plant parts, e.g.,
genus Nicotiana, i amounts not contributing significantly to the level of nicoting, and ginger.
{00571 Examples of antioxadants mcelude, but are not limited 1o, tocopherols, ascorbic acad,
sodium pyrosulfite, butyihydroxytoluene, butylated hyvdroxyamsole, edetic acid, and edetate
salts, and mixtures thercof.

[BS8] Examples of preservatives include, but are not hnuted 1o, citric acid, tartane acid,
tactic acid, malic acid, acetic acid, benzoic acid, and sorbic acid, and muxiures thereot.

{B0S%] Examples of texture enhancers mclude, but are not hmted to, pectin, polyethylene
oxide, and carrageenan, and mixtures thereot. In one embodiment, texfure enbhancers are
used at levels of from about (.1% to about 10% percent by weight,

[$068] 1 the pharmaceutically active agent has an objectionable taste, the pharmaceutically
active agent may be coated with a taste masking coating, as known in the art. Examples of
suitabic taste masking coatings are described m ULS. Patent No. 4,851,226, LS. Patent No.
5,075,114, and U.S. Patent No. 5,489,436, Commercially available taste masked
pharmaceutically active agents may also be emploved. For example, acetaminophen
particles, which are encapsulated with cthylceliulose or other polymers by a coacervation

process, may be used in the present mvention. Coaccrvation-encapsulated acctanunophen

1
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may be purchased commercially from Eurand America, Inc. (Vandalia, Ohio) or from Circa
inc. (Dayton, Ohuo).

({0861} Orally Disintegrating Tablet

[3462] In onc embodiment, the tablet 1s designed to disintegrate m the mouth when placed on
the tongue 1o iess than about 6{ scconds, ¢.g. fess than about 45 seconds, ¢.g. less than about
30 seconds, €.g. less than about 15 seconds.

{8631 In one embodiment, the tablet meets the criteria for Urally Diasintegrating Tablets
(ODTs) as defined by the draft Food and Drug Admuustration guidance, as published in
April, 2007, In one embodiment, the tablet mects a two-told detimation for orvally
disintegrating tablets mcluding the following criteria: 1) that the solid tablet 1s one which
contains medicinal substances and which disintegrates rapidiy, usually within a matter of
scconds, when placed upon the tonguc and 2) be considered a solid oral preparation that
dismtegrates rapidiy m the oral cavity, with an m vitro disintegration time of approximately
30 seconds or less, when based on the United States Pharmacopeia (USP} disimtegration test
method for the specific medicinal substance or substances.

{0064] Hardness/Density of Tablet shape/Tablet

[$065] In one embodiment, the tablet 1s prepared such that the tablet 1s relatively soft (e.g..
capable of disintegrating m the mouth or being chewed). In one embodiment, the hardness of
the tabliet 1s preferably less than about 3 kiloponds per square centimeter (kp/cmi?) {c.g., 1ess
than about 2 kp/cm2, such as less than about 1 kp/em?2). Hardness 1s a term used in the art 1o
describe the diametral breaking strength as measured by conventional pharmaceutical
hardness testing equipment, such as a Schicuniger Hardness Tester, In order to compare
values across ditfcrent size tablicts, the breaking strength must be normalized for the area of
the break. This normalized value, expressed m kp/cm?2, 1 sometimes reterred m the art as
tablet tensile strength, A general discussion of tablet hardness testing 18 found 1n Letberman
ot al., Pharmaceutical Dosage Forms--Tablets, Volume 2, 2.sup.nd ed., Marcel Dekker inc.,
1990, pp. 213-217, 327-329.

30661 Use of Tablet

1{867] The tablets may be used as swaliowable, chewable, or orally disitegrating tablets to

adunister the pharmaccutically active agent.

t
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1{068] In one embodiment, the present invention feafures a method of treating an ailment,
the method mcluding orally admumnistering the above-described tablet wherein the table
mchudes an amouont of the pharmaceutically active agent effective to treat the ailment. In thag
cmbodiment, the “unit dose™ 18 typically accompanied by dosing directions, which mstruct
the paticnt 10 take an amount of the pharmaceuically active agent that may be a multiple of
the urat dose depending on, e.g., the age or weight of the patient. Typically the unit dose
volume will contain an amount of pharmaceutically active agent that 1s therapeutically
ctiective for the smaliest patient. For exampie, suttable unit dose volumes may mciude one
tablet.

[$069] The tablet shape may have one of a variety of difterent shapes. For example, the tablet
shape may be shaped as a polvhedron, such as a cube, pyranud, prism, or the hike; or may
have the geometry ot a space figure with some non-tiat taces, such as a cone, truncated cone,
triangle, cylimder, sphere, torus, or the hike. In certain emboduments, a tablet shape has one or
more major faces. For example, the tablet shape surface typically has opposing upper and
fower faces formed by contact with the upper and lower formng tool faces {¢.g., die punches)
in the compaction machine. In such embodiments, the tablet shape surface typically further
mcludes a "belly-band” located between the upper and lower faces, and formed by contact
with the die walls in the compaction machinge, A fablet shape/tablet may also be a nultilaver.
Applicants have tound that sharp edges in the tooling used to make the fablets can cause
arcmg, and thus more rounded edges may be needed.

{878} Sachet Composition

{071} In one embodiment the particles ot the present mnvention can be incorporated nio a
directly orally admunistered powder, such as a sachet composition. The blend matenals
which may be incorporated mto a tablet formulation may also be utilized 1 a powder
formulation. In another embodiment, the powder formulation ts mtended for reconstitution
mito a liguid.

[B072] The particles of the invention assist in the avoidance of chenucal mcompatability
between racecadotrid and excipients.

{0731 The process of the mvention can also be used to manutacture cadotril particles for use

in inunediate release or i sustamned refcase dosage forms.  In one embodiment, the
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mmmediate refcase cadotrd particies may be mcorporated with sustained release cadotril
particies 1o create a dosage form with tnmediate release and sustamed release charactenstics.
[{$074] A preferred ratio of cadotril/wax for an immediate release dosage form 1s from about
58:50 to about 95:5. A more preferred ratio of cadotril/wax for an mnmediate release dosage
forniis 85:15. A preferred ratio of cadotril/wax for a sustained release dosage form s from
about 5:95 to about 30:70.

{$07S] In another embodiment, the cadotri particles may be combined with one or morg
additional active imgredient{s). E.g., suitable anti-gas agents include, but are not himited to
stipethiconeSurtable additional anticharrheal agents include, but are not houted 10 loperamide
[$076] Other teatures and advantages of the present mvention will be apparent from the

detatled description of the mvention and from the claims.

BRIBF DESCRIPTION OF THE FIGURES

{0771 Figure 118 a graph showmng the degradation profile for racecadotril in a cadotrd
particie of the mvention prepared 1 accordance with Example 1.
[G078] Figure Z 1s a graph showing the degradation profile for racecadotnl in a cadotril

E
particle of the mvention prepared in accordance with Example 1.
DETAILED DESCRIPTION OF THE INVENTION

{BB78] It 1s believed that one skilled m the art can, based upon the description herein, utilize
the present invention to s fullest extent. The {ollowing specific embodiments are {0 be
construed as merely dlustrative, and not as inuting the remainder of the disclosure in any
way whatsoever.

(G088 Unless detined otherwise, all technucal and scientific terms used herein have the sagme
meaning as commaondy understood by one of ordinary skill m the art to which the invenfion
belongs. Also, all pubhications, patent apphications, patents, and other references mentioned

herein are incorporated by reference. As used heremn, all percentages are by weight unless
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combinations of values between the two endpomts, molusively.

16681} DEFINITIONS

[$882] By “delayed release,” it 15 meant that, atter administration, there is at least one period
of time when an active ingredient 1s not being reieased from the dosage torm, 1.¢., the release
of the active mgredient(s) occurs at a time other than immediately following admistration.
{BB83T As used herein, “dissolution medium” shall mean any suitable hiquid environment in
which the dosage form of the present invention can be dissolved, such as, for example, the in
vitro dissolution media used for testing of the product, or gastro-mtestinal thuds. Swtable m
vitro dissohution media used for testing the dissohution of the active mgredient or imgredients
from the suspension dosage form of the present mvention mmchide those described n the
United States Pharmacopeia.

[{B084] A "dosage”, “dosage formy” or "dose” as used herein means the amount of a
pharmaccutical formulation comprising therapeutically active agent(s) administered at a time.
"Dosage”, “dosage forny” or "dose” mcludes aduunistration of one or more uniis of
pharmaceutical formulation adnunistered at the same time. In one embodiment, the dosage
form 1S a tablet. In one embodiment the dosage form 1s a muldtilayer tablet. In the
cmbodiment comprising a muktilayer tablet, one layer may comprise an immediate release
portion and another layer may comprise an extended reicase portion. In the embodiment
comprising a multilayer tablet, one layer may comprise the cadotrd particles, and another
laver may comprise an immediate release form of cadotnd and/or a second active mgredient.
in one embodiment the dosage form comprising cadotri particles is a liquid filied soft-gel.
{3085] “Enteric” shall mean being abie 10 be dissolved at a pH of greater than about 5.0 or
greater than about 5.5 or greater than about 6.0 or that which 1s found 1o the intestine.

[$886] By “extended release,” it 1s meant that, after administration, an active ingredient is
refcased from the dosage form in a substantially continuous, regulated manner, and the time
for complete release, 1.¢., depletion, of the active ingredient from the dosage torm 1s longer
than that associated with an immediate relcase dosage torm of the same. Types of extended

release include controlied, sustained, prolonged, zero-order, first-order, pulsatile, and the like.
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{0871 As used heremn, “‘tmimediate release” means that the dissolution characteristics of at
feast one active mgredient meet USP specifications for mmmediate release tablets containing
that active ingredient. An active mgredient having an nmmediate release property may be
dissolved mn the gastromtestinal contents, with no ntention of delaying or prolonging the
dissolution of the active mgredient.

[BO88] “Laquid dosage torms”™ may nonexchusively melude suspensions or ehixars, wheremn
one or more of the active mgredients 18 dissolved, partially dissolved or 1n an undissolved oy
suspended state,

30881 As used heremn, "modified release” shall apply to the altered release or dissolution of
an active mgredient m a dissohution medium, such as gastromtestinal fhods, Types of
modificd release include: 1) exiended release; or 2) delayed release. In general, modified
release dosage forms are formulated 10 make the active ingredient(s) available over an
extended period of time after mmgestion, which thereby allows for a reduction mn dosing
frequency compared to the dosmg of the same active ingredient(s} 1n a conventional dosage
torm. Modified release dosage forms also pernut the use of active ingredient combinations
wherein the duration of one active mgredient may ditfer from the duration of another active
mgredient.

G898 As used berein, a drag "release rate” refers to the gquantity of drug released from a
dosage form per unit time, ¢.g., milligrams of drug released per hour (mg/br). Dvug releasc
rates are calculated under m vitro dosage form dissolution testing conditions known m the art.
As used heremn, a drug release rate obtamned at a specified time "{ollowmg administration”
refers to the m vitro drug release rate obtained at the specificd time following commenceoment
of an appropriate dissolution test, €.g., those set forth m USP 24 (United States Pharmacopeia
24, United States Pharmacopeia Convention, Inc., Rockvilie, MD).

[G891} “Semipermeable,” as used herein, shall mean that water can pass through, and other
molecules, mcluding salis and the active mgredients described herem, are allowed 1o siowly
ditfuse through such a membrane when the membrane 15 m contact with an appropnate
dissolufion medium, e.g., gastro-mtestinal fluids or m-vitro dissohution media.

{0921 “Solid dosage torms” shall mean dosage forms which are substantially solid at room

f

temperature and have a density of at least about 8.5 g/ce. Sohd dosage forms may non
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cxclusively mnchide, agglomerated tablets, capsule-like medicaments, powder or granule filled
capsules, powder or granule filled sachets, compressed tablets, coated tablets, chewable
dosage forms, and fast-dissolving dosage forms.

[BG93] As used herein, “substantially coated” with regard to particles shall mean that less
than about 20%, ¢.g., less than about 159, or less than about 1.0% of the surface arca of the
particle is exposed, ¢.2., not covered, with a desired coating. As used herein, the term
“substaniially covers” or “substantially continuous” when used to describe a coating means
that the coating 1s generally continuous and generally covers the entire surface of the core or
underbymg layer, so that hittle 10 none of the active mgredient or underhying layer 1s exposed.
The coatings which are apphed to the particles can be lavered wherein each layer 18 prepared
m an agqueous (water based) or organic selvent system and added m succession untid the
desired coating level 15 achieved.

{094} “Therapeutic effect,” as used heremn, shall mean any effect or action of an active
ingredient miended to diagnose, freat, cure, nutigate, or prevent discase, or atfect the
structure or any function of the body.

{30951 The present mvention relates to chemically stable cadotrid particies, such as
racecadotr, dexecadotril and ccadotril particies, the process for the preparation thercof, and
the use thereot in pharmaceutical formulations.

{3396} The present mvention also mceiudes a method for freating a subiect experiencing
diarrhea comprising the step of orally adnunistering to the subject a pharmaceutical
tormuilation comprising cadotril particles.

{097] Racecadotnl, dexecadotril and ecadoini are enkephalinase mhibitors with unigue
intestinal anfisecretory activity, The compounds are msofuble m water.

{$098] Then bitter taste and degradation profile have rendered formulation challengmg. For
example, a difticulty n preparing stable suspensions of racecadotril 15 the risk of hydrolysis
of this compound which bears an ester group and can be casily hvdrolyzed mito casily
oxidizable and less active compounds.

{0991 The present mventors have now discovered that the cadoetril particles of the mvention

can fulfil the above requirements.
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{303 GO As The cadotnl particles of the invention can be employed m varving dosage
forms,

[GO181] A typical agueous suspension of the invention may comprise water-soluble

high intensity sweeteners and sugar sweeteners, Examples of suitable bigh intensity
sweeteners include, but are not lunifed to, sucralose, aspartame, saccharin, acesulfame,
cyclamate, and pharmaccutically acceptable salts and combinations thercot. The amount of
high micnsity sweetener used 1 the suspension will vary depending on the degree of
sweetenmg desired for the particular suspension. Gengerally, the amount of lagh intensity
sweeteners used m the suspension may vary from m the range of 0 to about 5 grams per 100
ml of suspension. In embodiments employing a high intensity sweetener, such as sucralose,
aspartame, accsulfame, saccharin, and pharmaceutically acceptable salts thereot, the level of
high indensity sweetener 1s from 0 to about 1 gram per 100 ml of suspension, a useful level 15
from about 0 to about .5 gram per 100 ml. of suspension.

{0162} The suspension can be buttered using pH adjusting agents {0 maintain the pH
of the suspension in the desired pH range. Suttable pH-adjusting agents may be present in the
suspension m amounts suthicient to provide the desived degree of pH buttering. The pH-
adyusting agents will typically be present m the range of from about 0 to about 1 gram per
100 mL of the pharmaceutical suspension. The pH adjusting agent for an embodument having
as an active agent, and including a suspending system having alkaline polymers, such as,
sodum carboxymethyicellulose, may be selected from weak organmic acids, such as, ¢itnic
acid, mahe acid, glutamic acid, and the hike having acceptable tasie characteristics for ase
taste masked oral suspensions.

{0103 Preservatives useiul in pharmaceutical suspensions mehude, but are not hinuted

to, sodium benzoate, potassiim sorbate, salts of edetate {also known as salts of

L

cthyvlenediaminetetraacetic acid, or EDTA, such as, disodigm edetate) and parabens {(such as,
methyl, ethyi, propvi and butyl p-hydroxybenzoice acids esters). The prescrvatives histed
above are exemplary, but each preservative must be evaluated on an empirical basis, m cach
formuilation, to assure the compatibility and ethicacy of the preservative. Methods for
evaluating the etticacy of preservatives in pharmaceutical formulations are known o those

skilled m the art.
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1§01 841 The suspensions of the present invention can employ suspending systems as
known in the art that mcelude, but are not imited 1o, at least one thickening component, The
thickening component typically includes one or more thickening agents that may be selected
from hydrophilic, 1.¢., water soluble, polymers such as hydrocolloids, swelling or gelling
polymers, and the Iike. In one embodiment, the thickerung component combines the attributes
of a structuring agent and a swelling agent. In another preferred embodiment, the thackening
component combines the attribuies of at ieast two structuring agents, ¢.g., a prunary
structurmg agent and a secondary structuring agent.

LEEERY A structuring agent, when infroduced into an appropriate agqueous
environment, forms an ordered structure, believed to be stabilized by hydrogen bonding and
molecular entangloment. Hydrocolioids are a particularly good type of structuring agent.
Hydrocoliowds are dispersions of particles around which water molecules and solvated 10ns
form a shell-like structure, fluid absorption occurs prmeipally by swelling and enlargement of
the structure.

{0106} Examples of suntable hydrocoliotds melude, but are not inuted 1o, alginates,
agar, guar gum, locust bean, carragecnan, tara, gum arabic, tragacanth, pectin, xanthan,
octlan, maltodextrin, galactomannan, pusstulan, lannnarin, scleroghican, gum arabic, inulin,
karaya, whelan, rhamsan, zooglan, methylan, chitin, cyclodextrin, chifosan, cellulosic
polymers such as nucrocrystalime celiulose, carboxymethyiceliulose, and dervatives and
combinations thereot. In certain embodiments of the present mvention, useful structuring
agents may be selected from the hydrocolioids xanthan gum, microcrystalline cclhilose,

carboxymethylicelivlose, and dertvatives, co-precipitates, and combinations thercof, In one

primary structuring agent and a co-processed combination of microcrystalline cellulose and
carboxyvmethyicelhilose (such as that commercially avatlable from FMC as Avicel RC-5391)
as a secondary structuring agent.

[B0187] Xanthan gum 15 a high molecular weight natural carbohydrate, specitically, a
polysaccharide. The xanthan gum suitable tor use m the present mvention 18 a high molecular
weight polysaccharide produced by Xanthomonas campestris. Teochniques and strains for

yroducing this polvsaccharide are described 1 ULS, Pat. Nos, 4,752 580 and 3.485.719 {the
g POLy . . 36D, |

¥



CA 02965685 2017-04-24

WO 2016/069871 PCT/US2015/058007

disclosures of which are hereby mmcorporated by reference). The xanthan gum used n the

present invenfion should have a viscosity 1 a one percent salt solution of from about 1000 to

about 1700 cps (mPa-sec). The one percent sclution's viscosity should be measured at 257C
with an LV model Brooktield Synchro-Lectric viscometer at 60 rpm, no. 3 spindie. Xanthan
oum 18 avauable from several commercial supplicrs such a RT Vanderbilt Company and CF
Kelco. Examples of suatable xanthan gums are Keltrol, Keltrol F, Kelirol T, Kelirol TF,
Xantural 180 and Vanzan NE-ST.

{01 8K] In a usctul embodiment, the secondary structuring agent used n the present
mmvention s a dried coprecipitated mucrocrystal of celhulose and sodium
carboxymethyicelhiose. Sodam carboxymethyl-celiulose 1s commonly used as a
coprecipitate n microcrystalline cellulose. It 18 particularly usetul it the sodim
carboxymethyicelhulose 15 mnchuded in the range of front about 8 weight percent to about 19
weight percent of the total weight of the coprecipitated nucrocrystal of cellulose and sodium
carboxymethyiceliulose. Uselnl are microcrystalline cellulose products having n the range
from about ¥ 1o about 14 weight percent sodum carboxymethylceliulose. These nuxtures as
described above are commercially available from a vanety of sources, mcluding FMC under
the trademark Avicel® CL-611, Avicel® RC-381 and Avicel® RC-591.

LULEEE: The thickening component may optionally mclude a swelling agent, when
cxposcd 1O an appropriate aqueous environment, cxpands and may interact with the
structuring agent. Pregelatmized starch 1s a particularly good swelling agent. Pregelatinized
starch, also known as "mstantized” starch, 18 precooked so that it swells and begins to thicken
instantly when added to cold water. One particularly suitable pregelatinized starch 1s prepared
from modified, stabilized and waxy, maize food starch, and commercially avatlable from
Mational Starch Company as Instant Starch, Ultrasperse M.

(GG 16 The tormulation can be prepared by any of the methods well known in the art
of pharmacy. Such methods comprise nuxing together the mgredicnts ot the aqueous
suspension and include the step of bringing mto association the active mgredient with the
carrier which constitutes one or more accessory ingredients. In general the formalations are

preparcd by untformily and mtimately bringing into association the cadotril particles with
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hiquid carriers or fmely diwvided solid carricrs or both, and then, if necessary, shaping the
produdt,

LR In accordance with another subject-matter, the present imnvention also relates to
agqueous suspensions of cadotril particles for use {or the treatment and/or prevention of
drarrhea, and/or acute gastroenieritis,

(B01124 As used heremn, “stable” refers to a formulation that 18 substantially free of
chemical degradation of racecadotril or substantial color change.

{0113 The percent degradation product 18 determined by calculating the %% peak arca
of the degradation product peak arvea relative to the peak area of racecadotril 1o HPLC
chromatograms.

(G0 14] Various studics have shown racecadotril (o be etficacious m reducing the
symptoms of diarrhea. Une benefit of using racecadotril over other remedies 1s that

racecadotn has been shown 10 have fewer side ettects such as post-treatment constipation.

BT 18] Racecadotril has low water solubility, of about 10 micrograms/mi at room
temperature.
{30116} According to another preferred aspect, sawd treatment comprises oral

administration, preferably one to four times a day.

G117} Examples

(331181 The following exampics are provided to further itlustrate the formulations and
methods of the present mvention. It should be understood that the present mvention 18 not
iimited to the examples described.

EXAMPLES

{0119} Exampie 1. Preparation of Particies Contamning Racecadoiri with a Kafio of

Drug: Glveeryl Behenate of R5:45

(G124 Approximately 85 g of racecadotrd USP (70um grade) and 15 g of glyceryi
behenate, which 18 commercially available as Compritol ATO 88§, from the Gattetosse
corporation m Lyon, France, were added to a suitable vessel while mixing with a laboratory
mixer at approximately 50 RPM and heated to above about 75° The temperature of the

solutions can be measured by any means, €.g., using the following: Brand = VWER Digual

20
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Thermometer; Model = Traceabie; Part Number = 61220-6G1. 400¢g of purified water is
added to 4 second suttable stainless steel vessel and heated to approximately 80-907C while
mxing. The racecadotrid and glyceryl behenate mixture 15 added to the hot water while
mixing. The melied suxture of racecadotril, glveeryl behenate and hot water are then added
to a separate vessel contatning 1000g of cold water (Jess than 107C) while mixing. The
resulting particles were hiltered through a 450 mesh stainless steel screen, collected and dred
tor 6 hours at RT or 257C. The resuliing particles have a mean particle size range between
176 and 250 microns.

{00121} Taste. The resulting particles were taste tested 1 the laboratory for bitterness
typically assoctated with racecadotrid, There was substantial reduction in the bittemess.
G122} Stability, The resulting particles were suspended i 4.5 pH acetate bufter and
were placed m 40° C oven for 1, 2, 3, 4 and 7 weeks. At the end of seven weeks, samples
were analyzed for assay and degradation products. No sigmaficant degradation was observed.

The results are shown i Figures | and 2.

{301 23] Fxampie 2: Preparation of Chewable Tablets Containing Racecadotrid

(G124} Table 3: Preparation of the Tablet Blend Base
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{0125] The racecadotrd particles from Example 1 and the maternials in Table 3 were
processed using the following procedure: All materials except the racecadotril particles were
manually passed through a 30 mesh screen. The matenals were placed into a 4 quart V-

Rlender and mixed for § minuies.

Preparation of Chewable Tablets:

{01261 To prepare a chewable tablet, the racecadotrd particics from Example 1 and
the tablet base blend in Table 3 were compressed on a rotary tablet press using 5/8 -inch
troche-shaped round B-tyvpe tooling. The tablets were compressed at a weight of 1400 mg

with a hardness range of 4~7 kalopounds,

(G271 Example 3: Preparation of Racecadotril Suspension Utthizing Ratio of
Hacecadotrd: Glveeryl Behenate of 85115

[{30128] Utilizing the {formula in Table 4, an m-sity racecadotril saspension was
preparcd. First, the racecadotril and ghyceryl behenate were melted i a 1000 mb glass
beaker A placed m a water bath at 75-85°C. In another 600 ml beaker B, 300 mbL D1 water

-

(Part [} was heated to 75-85°C. Xanthan gum {Part I} were added to beaker B and mixed

until dissolved. Ounce the racecadotril and the wax were mclied m beaker A, the contents of
beaker B were poured mio beaker A and stirred with a mechanical sturer 1500-2000 RPM.
The temperature of beaker A was mamtaimed at 75-85°C. The water 1 part 1l was at room
temperature and placed 1 a third beaker € and cooled down to less than 10 °C. Once the
racecadotril and the glveeryl behenate formed a uniform dispersion in water, the mixture was

removed from the water bath and hotplate. The contents of beaker € were poured into beaker

A and slowly and continually stirred at 1003-1500 RPM, as the molten drog and wax mixture
congealed inio fine particles.  The remaining ingredients i Part [ were added into beaker
A, and nuxed for 5 nunutes. The resultant suspension was stored in suttable labeled

container.

(30129 Table 4: Formulation for Suspension

' Ingredients Batch amt (g)

. ’
-
-
-
-
-
-
-
-
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 Part i

- Racecadotril 20,000
- Compritol E ATO 5. 000 .
 Purified Water 300.000

L xanthan Gum

L Acesulfame Potassium

Corn Starch —

L Citric Acid
' Sodium Citrate Dihvdrate
 Sodium Benzoate

F Sucralose

| Sucrose

| Xanthan Gum

1220.608

(30130 Example 4: Preparation of Particles Contatming Racecadotrd with a Ratio of

Prrug: Glyceryl Behenate of 85:185, Alternate Mixang Process

{BB131} Approximately 25 ¢ of racecadotril and 4.41 g of glyceryl behenate, which 18
commercially available as Compritol ATO 888, from the Gatietosse corporation m Lyon,
France, were added 10 a suitable vessel while mixang with a laboratory mixer at
approximately S0 RPM and heated (o 80-907C. 400g of purified water of water preheated to
80-90°C is added to the mixture while mixing. 1000z of cold water (less than 10°C) is then
added to the same vessel while mixmg. The resulting particles were filtered through a 450
mesh stainless steel screen, collected and dried for 6 hours at RT or 25°C. The resulting

particics have a mean particle size range between 170 and 250 microns.

u_"*..}
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[GH132] While the mvention has been described above with reference to specific
cmbodiments thereod, 1t 15 apparent that many changes, modifications, and variations can be
made without departing from the mventive concept disclosed herein. Accordingly, 1118
intended to embrace all such changes, modifications, and variations that fall within the spiryt
and broad scope of the appended claums. All patent applications, patents, and other

publications cited herem are meorporated by reference in their entirety.

o
T,
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WHAT IS CLAIMED:
i A methoed of manufacturing cadotni particles, comprising:

melting a cadotril and a wax while mixing;

dispersing the molion cadotril/wax nuxture i hot water;

fransicrring the hot cadotrd/wax/water dispersion infe another contamer contfainng
cold water, wherein the dispersed droplets of cadotril /wax congeal and {form fing/sphernical
particlies; and

filtering and drying the fine/spherical particies.

2. The method of clamm 1, wherein said cadotril 1s selected from the group consisting of

racecadotrid, dexecadotril and ecadotril.

3. The method of clamm 1, wherem said wax s glyceryl behenate.
4. A method of manutfacturing a dosage formy, comprising:

nuxing the cadetni particles of ¢laim | with dosage form excipients; and

compressing the mixture mto a dosage form.

3. A cadotril parficle prepared by the method of clamm 1.

f. A dosage form prepared by the method of clavm 2.

7. A method of treatment, comprising administering the dosage form of claim 6.

8. An uamediate reicase pharmaccutical formulation comprising the cadotrid particle of

claim 5.

l'?

The mmmediate release pharmaceutical formulation of claim 8, wherein said

formuiation is a chewable tablet,
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3. The immediate release pharmaceutical formulation of clamm 8, wherein said

formulation 1s an orally disintegrating tablet.

9, The immediate reicase pharmaccoutical tormulation of clamm 8, wherein said

formulation 1s a compressed tablet.

10,  The mmmediate release pharmaceutical formulation of claim 8, whercin said cadotril
particies comprise from about 30 parts cadotrnil/about50 parts wax {0 about 93 parts
cadotril/about 5 parts wax. 1 1. The mmmediate release pharmaceutical formulation of ¢claim 9,
wherein said cadotnid particles comprise from about 85 parts cadotril/about 15 parts wax.
11, A sustained release pharmaceutical formulation comprising a cadotrid particle
prepared by a method comprising:

melting a cadotril and a wax while muxing;

dispersing the molten cadotril/wax mixture in hot water;

transterring the hot cadotril/wax/water dispersion mto another contaimer contaming
cold water, wherein the dispersed droplets of cadotnil /wax congeal and form fine, spherical
particles; and

filtering and dryving the fine/spherical particies.

i2.  The sustamed release pharmaceutical tormulation of claim 11, wherem said cadotrid
particles comprise from less than about 3{ parts cadotnl/more than about 70 parts wax to

about 5 parts cadotri to about 95 parts wax.

13, The sustamed release pharmaccutical formulation of clamm 12, wherem said cadotril

particles comprise from about 15 parts cadotrih: 85 parts wax.
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Saturated Racecadotn sotution in 50 mM acetate buﬁer, oH 4.5, 4 weeks at 40°C. [Racecadotiil] 18 about 10 ug/mi.
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