WD 2011/ 084638PCT/ US2010/ 060849 MESALAM NE SUPPCSI TORY FI ELD OF THE

| NVENTI ON The present invention relates to a nesal am ne suppository
desi gned WO 2pH#$#@8 | nproved confort of use, a nethod fBETADAULPAQES4Y i ng it,
and nethods for treating ulcerative colitis, such as 15active ulcerative
proctitis, with it as well as a nethod of neasuring a dissolution paraneter
of a nesal am ne suppository. BACKGROUND OF THE | NVENTI ON | nfl ammat ory bowel
di seases (IBD), such as Crohn's di sease and ul cerative colitis (UC), 20 are
characterized by chronic, relapsing intestinal inflammtion. Crohn's

di sease and UC are believed to involve a dysregul ated i mune response to
gastrointestinal (@) tract antigens, a mucosal barrier breach, and/or an
adverse inflamatory reaction to a persistent intestinal infection. In
normal people, the A tracMESALAMINKDSUPROSIEORYacteria constantly
stinmulate the nucosal inmmune system and a delicate bal ance of
pro-inflamuatory and anti-inflammtory cells 25 and nol ecul es mai nt ai ns
the integrity of the G tract, without eliciting severe and damagi ng

i nflanmation [ MacDernott, R P., J Gastroenterol ogy, 31:907:-916 (1996)].

It is unknown how the IBD inflammatory cascade begins, but constant G

anti gen-dependent stinulation of the nucosal and system c i mmune systens
perpetuates the inflammatory cascade and drives lesion formation. 30UC is a
non-specific inflamuatory di sease of the colon that is of unknown cause and
is characterized by diarrhea with discharge of nucus and bl ood, cranping
abdom nal pain, and WO 2011/084638PCT/ US2010/ 060849 i nfl ammati on and edenma
of the mucous nenbrane with patches of ulceration. UClimted to the rectum
is known as ulcerative proctitis. People suffering fromchronic UC
affecting the whole col on have an increased risk of colonic cancer.

Fur t he FIBED, ORAHE INVENITIOMer apy fails, surgical resection of affected
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i nfrequent, the’colon can acutely dilate to a large Size when e

i nflb amgexiveailcdi@RpRsctits) Witls @\ue el akhi method f ie@ring adidsdiadon pachaetdRgRL Ol ON.
Patients with toxic megacolon are extrenmely ill with fever, abdom nal pain
and di snesalaingw suppssifenyat i on, and mal nutrition. Unless 10 the patient

i nproves rapidly with nedication, surgery is usually necessary to prevent
colon rupture and high risk of death. Mesal am ne, 5-am nosalicylic
aci d (AKGROGND OR TS sAVERTIONGt UC and is effective in reducing

di sease synptons and the incidence of relapse in UC. Wiile nesalamne is
avai | abl e | Inftar@hatbigrowel disésee@BB), sackhnCahhatdigaseadndivlcehative s6ltdy @C),
advant ages. For exanple, rectal 15 adm nistration of a drug avoi ds sone

si d8- efreechagactesizedh by chepnie, relapties intestinaldginfammetien. duehn’ s disease and UC are
adm ni gtratiqn. mesal arnine.is a locally G actjve drug, |ower doses of
The or Rofak Wanielie RS parduaF sbhue yRpatstp festansstel (CF waf dilesnta
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whet heiinfedtions Iadwimalgieepledthb€flaraet lumindl tcenterta @ahd beetrizdconb@hte stimuleie| the
There is no ,such food 20 effect when drugs are admnistered intrarectally.

| nt r ar &casal Haming sisteat patha delisatsdalsass of predniiapematenyrand gniranfiraymatoneells ng or

unGgENSCj ousne Qr. aft surgi.cal tion... A .nesal ani ne, suppgsi tory
of 23 s chEEIERRs Bfinlns3hs SHESYE B o R Thich Mot eleTRE SR8 Oy, BB
Scandi piRthdties [MESDEMMSA( P), I strbdierbloBRLITEINNT:-01 6 AGDE) € Ttk SRERIMMB w
proctitis. There is a need for nesal am né suppositories which provide

i ncr easteed[RIo mhflarmatoryu sascad@Sbegdinds, D0t té1846 $HPATEeISAEEAdME GEmalaBubMERNYe OF
THE INVENK%SN .The present inventors have discovered that the size of
a mesalHiePTRe aRd, pysirnic snynupe sy sHEnpRENAley th 1 dery(Psrade gaggriges lgsjonyer
2096byﬂ%§bgpﬁ) and the nelting point |owered without a substantial adverse

effect 'on 1ts dissolution profile or its overall therapeutic efficacy. The

5 gonbi nati OIT Bfa orsspetilie infinRRasH! disedsadihg cblowahat Tebf iloa tRgSeaind e
provi des increased confort of use. The inventors discovered that this

resul t chaactérized Byadiawbieabyith rddscharge 10§ muses tag btheds crappifg abdeminss phianand and,
preferably, also lowering the nelting point of the suppository base.
Generally when the drug | oad of a nesal am ne suppository is increased, so
too is the 10 viscosity of the nolten-lsuspension which is cast to formthe
suppository. If the viscosity of the nesal am ne suspension is too high, it
cannot be cast into a suppository having acceptable content uniformty and
good therapeutic properties. The inventors have surprisingly found that the
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Anot her enbodi ment of the invention is a nesal am ne rectal suppository
conprising fromabout 850 to about 1150 ng nesal am ne and one or nore

phar macewocalllog4@scept abl e exci pi ents, wherein the totacTwsc@loewsho t he
suppository ranges from about 2250 to about 2700 ng. Preferably, the total
wei ght of the suppository ranges from about 2250 to about 2500 ng. 5 The
anount of nesalam ne in the suppository preferably ranges from about 950 ng
to about 1050 ng and nore preferably is about 1000 ng. The nesal am ne
suppository may further include a suppository base, such as hard fat (e.g.,

hard f fiflaimation and ed¥eit dTakic RUBRMIntERiHraf withgatthiey enticeations ECIRERdadHRe
rectal suppository conprising fromabout 400 to about 600 ng nesal am ne and

one or erISdHQmmeﬂmratmelpyocaMe peepi¢ euff@ingxvimickions, UGkéieding théavholst al
wei ght he supposit s .from aboyt 870 to about 17
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about &ﬁ%@al ccfit:f (]fytearﬂ%@te&botv%l %IS from about 35%to about 50%
The anpu rresa amne in the supp05| gry preferably ranges from about
4505y to ahopitientdWilimew Extensioe pisedsetdbddlobsiramaky inbafedinteslinés ¢mdeddam ne

suppository may further include a suppository base, such as hard fat
15( e. gto, ancunia, ﬂ@d I’NB’) req\dt;t: tegagmens r wislr oo emgts; e ewméamdottam@sams
nesal a e rec Sj frontabo 400 to t 1600
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to aboelitreﬁﬂeﬁbollhmth devebr abidemirtal paintahé dibtangioh,odetly dratibr, aiml aksditritRaflo Uslessbout
50% The anmount of nesal amne in_the suppository preferably ranges from
abbit thespatisg tr@pratﬁﬁutaplﬂbzsmthgn%@atwm elrgeréflértamg' nesegsputo pIBBENt reglonThe
salant?e s%f@pg Er ng% further include a suppository base, such as hard
f at (e“@ Rﬁﬁ e nmesal am ne in each of the aforenentioned
Supposi tori P&sﬂiﬁ%@rﬁ%&og‘ﬂﬁgﬁc éﬂ?\@%% ¥ of@i diddo tfe@NU @AY s GRRTOmabout
800 g/L (as measured by US <6l d/or a surface area of from about
0.1 t oredbcing dRede rs?rlngto(nsranﬂ rted mmlbhqe dfrrelapselin WIC.0 Whileanesblantine2is &vaibl,

pr ef er abl y f rom about 1 to about 3 n2/g, or preferably from about 0.2
to about orpl Jorpp gl}rareAt?&@ﬁiatlmgratt@naofpﬂeltaér %afab#éwt%ht Farnexampleal ta¢tplne i n
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havi ng an ascending nelting point o e.g., Wtepsol(r) H 12
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Wtten ny) Anot her s i tabl e Iog/ meltln scglg)posmory base is hard fat
havi nghlaher Pl 1PRng to@hSﬁtptleno 8 diigs Qralbysadmipistezedgmay Hpe b&b@ csd) H 15
avai | a e p k
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nmes@l asffare whes tdhgssad raqﬁmtlstéﬁéd qmédtalyngIxﬁrat’@ﬁaalaaﬂitrnﬁrati@ﬁlcag b€ ipkrforeda tap
density rangi ng fromabout 600 to about 800 g/L (as neasured by USP <616>)

and/ or e{en)dusing navses; eropmtang afunéorseioudnosss oafter slug&bbmerazoﬁ 2/ g ( or
preferably from about, 0.2 to, aboyt 2.8 , referabl 0 lto
about 1.3 né/lgg n@?a?%teﬁéva)@ﬁwypgmﬁmﬂﬁ%?@ @) wispently @9@6@} ﬁlﬁ&j) Rii) a
hard f ® i cally, the
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enbodi nent , Thdi@isharedd fc&tmé@,alam sapmnemésg;vmat poRide RivrédsedéonddrtbPuse3. SC.
Preferably, such a dispersion is substantially honbgenous. The weight ratio
of 2Zfresal anine to hard fat preferably ranges from about 1:2 to about 1:1.25.
Preferably, the aforenentioned suppositories each rel ease at | east about
75% by wei ght of the nesal am ne contained in the suppository within 2 hours
of dissolution as neasured with USP 15 Apparatus #2 at 40 C, a paddle
rotation speed of 125 rpm and 3 sinker turns in 0.2 M phosphate buffer at
a pHof 7.5. In one enbodinent, at |east about 80, 90, or 95% by wei ght of
the nesalamne is dissolved within 2 hours. According to another

enbodi nent, at |east about 80, 85, or 90% by weight of the nesalamne is

di ssolved within 1 hour. According to yet another enbodinent, at |east 90%
by wei ght of the nesalam ne is dissolved within 30 mnutes. 20 One
preferred method for determning the dtssol ution profile of a suppository
contai ning fromabout 400 to about 600 ng nesal am ne is by USP Apparatus #2
at 40 C, a paddle rotation speed of 125 rpm and 7 sinker turns in 0.2 M
phosphate buffer at a pH of 7.5. In one enbodi nent, a suppository of the
present |nvent|on contalnlng frontabout 400 to about 600 ngy (or up to about
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provi ding a nesal am ne rectal suppository, and (B) neasuring the

di ssolution rate of the suppository with USP Apparatus #2 at 40 C and a
paddl e r ovatzoomssgseed of 125 rpmin 0.2 M 30 phosphat e Ilpafifuseotatwces4pH of
7.5. A sinker can be coiled around the suppository, for exanple, for WD
2011/ 084638PCT/ US2010/ 060849 2 to 8 turns of wire (e.g., wre helix).
According to a preferred enbodinent, a sinker is lightly coiled around the
suppository, for exanple, with only 3 turns of wire helix (for exanple, for
a suppository containing 800 ng or nore nesal am ne). According to another
enbodi SEMMARY OFKEHE INVENTEONar ound t he suppository with 7 turns of wre
helix (for exanple, for a suppository 5 containing 800 ng or |ess

nesal am ne) Thespisgent Byventais have |disgeveded dahihaisizg oflaanesalamineesuppentioni ¢anrbg
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nmesal amne within 1 hour o i ssolution. 10Yet anot her odinment is a
met hodcafibipatemaof agsnealleatsappositoryesnl antower medtirg tegipeadat tovidss (rcreased 2 or

nore suppositori 63‘11 by (A) providing a batch of nesal am ne rectal
suppos FeBiorteaf: usen dhe Biventorssdisqavgred rikat dis sesulicpp he phiained by dncreasingt the e

supposi;t or romthe batch,wt P aratus. #2 at. 40 C apd a paddl e
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si nkerpgan be coiled around the suppository, for exanple, for 2 to 8 15
turns of wire (e.g., wire helix). According to a preferred enbodi nent, a
si nker is |Geterdlly whéd 8d dmgdowd dfhe nesglgomi tsoppasitdyr is anaegsed;, soviod his drel y 3
turns of wire helix (for exanple, for a suppository containing 800 ng or
mot® nEseAsHoh e molicasusneRgor highos satt @ %@éhwﬁppswrg-i Hitbe viscoseigiof &
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or 80% by wei ght of the nesalamne within 2 hours of dissolution (Q = 75%
as deswisedsay of theUBPastading 30¢pendtoh Pan bhdegensed by immeasingettic tapndeditabé theel ease
dosage fornms"). Step (B) may additionally or alternatively include

det er n$?4R" et her the suppository rel eases at |east about 85% by wei ght

of 14 he nesa ] A . i I . i es not
meld "Che: o SRODds hille bid bty SR i the B dideohinn PHEBORLLBinfn

di scar g&stly soluble di(gy fidRPh ReppoRiiBgdhdreses b$ safate takadofohe PiRMamimdpatticles
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33.5 C). The inventors have found that the viscosity of a nolten m xture

cont ai Hersgppastenyaanges fioar plait S5Yniofaberini(% and pesftably from abaut 83} taahgitt y of

t he mesgl amnpe used.to formth | te ixture.. A nplten m xture havi,ng a
i g vFCos THS SPRGHOY gah BFIUSa, Ko GHR D) oh 280U 0y g TAG Gl o
probl e i A N I t i

Bubbl coeaithy MLFERBow S0/ o dopk 20%, m3, RUBRINE (T kR i ReREteAbY
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The suppository may, for exanple, be prepared by (A) m xing the nesal am ne
haid ngaliomk 489 &0 abratit608 el mesgamings prd, piiferably indysiss Abewr 45 losadorbdthmet he

af or enent i oned I tin oi_nt nd | di ng_the mi xture. Accordi to one
embod TEATEn (s et oPserafia b Y 300 o P plaPad, A dagtingtRE T 6, e
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the nelted suppository bdase, and (C) nolding the m xture. Yet anot her
enbodi preferatily ireludes alhoautril 450 toeattoat 1 S0png siesaaminedamt éennmoreysetrablyrabout
particles and one or mpre pharnmaceutically acceptabl e excipients, where the
mesal ah9emg dpesplamans) hakhe mesalanying sunpodltprp mayy @ﬁh@b@ﬁlﬂlde AISURPISHORYoDASBO UL

2.8, n2 refera I about 15 0.2 to about 2.8 nR/g). According to
ong) ené)%gi(a%anrp,fﬁt(ﬁg"aérﬁgf;tl oad of the suppository preferably ranges from 35%
to 50% (or from about 37%to about 463). Preferably, the mesal am ne
particles have a tap density ranging from about 600 to about 800 g/L (as
measured by USP <616>). The suppository can rel ease at | east about 75% by
wei ght of the nesalamne within 2 hours of dissolution as neasured with USP
Apparatus #2 at 40 C, a paddle rotation 20 speed of 125 rpm and 3 sinker
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Yet anot her enbodinent is a nmesal am ne rectal suppository conprising from
1.1to 2.5 g nesalam ne particles and one or nore pharnaceutically

accept ablwoennisikaat s, where the 30 nesal am ne parti cl epclmaseoipioyosas surf ace
area of fromabout 0.1 n2/g to about 2.8 n2/g, (ii) a tap -9- WO

2011/ 084638PCT/ US2010/ 060849 density rangi ng from about 600 to about 800
g/L (as neasured by USP <616>), or (iii) both. Preferably, the suppository
rel eases at | east about 85% by wei ght of the nesalam ne within 1 hour of

di ssolution as neasured with USP Apparatus #2 at 40 C, a paddle rotation
speed of 12 : [ : I Mhiho r riginpH of
7.5. The dr'%é&?ég]ae I nlt?'unz (gl&gﬁé%‘}gg??%rﬂ;agg%abe, fgdreaegégpr?pblglz?@fcrog{n% 25% to
50% ( f omidbotia®ieto St t10SG @A) mehenine ppd e @r ynore phammtaiticallynycoeptablee
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600 ngy, 750 ng, 800 ng, or 1, 1.1, 1.2 é.s, .4, 1.5, 1.6, 1.7, 1.8, 1.9,
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ascending melting point of no more than 35.5° C). A preferred low melting suppository base is
30  hard fat having an ascending melting point of 32 to 33.5° C (e.g., Witepsol® H 12 available from
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20Defini tions The term "nesal am ne" refers to 5-amnosalicylic acid
(5-ASA). According to one enbodi nent, the nesal am ne has the foll ow ng
particl e woze1idissdssi buti on: X10 of about 5 to about 11 ®am/UsB@ombosabout 25
to about 45 um and X90 of about 85 to about 100 um The term "drug | oad”
refers to the wei ght percentage of nesal am ne based on the total 25 wei ght
of the suppository. As used herein, the term"patient" refers to any
manmal and preferably a human. The patient to be treated with nesal am ne
may in fact be an atient of the human Eopul ation, male or fermale, which
may beS@blldeaﬁnin&rlm Id roif | Wiitten,, Gerchahy )s , Amother| stisatily lowAmglting supository daseit i ent
l.ates.to an e
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Accordi ng to one enbodi nent, the suppository has a total weight ranging
from about 2300 ng to about 2500 ng. 15The suppository is preferably snooth
t or pedo- shaped. The nelting poi'nt of the suppository is generally
sufficient to nelt in the patient's body, and is typically no nore than
about 37 C. Methods of Preparation 20The nesal anm ne suppository of the
present invention nmay be prepared as follows. The nesal am ne is dispersed
in a suppository base in nolten form which is then poured into a suitable




15 (or 0.2) and 2.8 n2/g (or between about 0.1 (or 0.2) and 1.3 nR/g, or
bet ween about 0.1 (or 0.2) to about 0.8 n2/g, or between about 0.1 (or 0.2)
t o about WoRonmAsgs3sor bet ween about 0.6 to about 1.0 nRPgr/UuskBviefnersabl y, the
mesal amne is not in the formof granules suitable for compaction into
tablets. Rather, the nesalamne is preferably in the formof a powder of
unaggl oner at ed needl e-shape crystals. 200ne or nore sanpl e suppositories
from each batch produced are preferably tested by the dissolution nethod of
the present invention for quality control. According to a preferred
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di ssol exampie, pnes daiysfonfhracpo0wentyrmns alagsyion ears bppogér Guriexsmplsyiaive alsily farse
prepargd 15 according to the procedure described bel ow) were determ ned by
t hree @fefefgrsgrweek%t hods (shown in Table 1 bel ow using USP Apparatus #2). As
di sprussed | ' ' of .t - ' h.O
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Paddl e rotation speed 100 r(f)m 125 rpm 100 rpm Sinker turns 7 turns 3 turns
3 t ur ngctghsyppesitory, such as a 500 mg, 1 g or 1.5 g mesalamine suppository, by measuring its

dissolution with USP Apparatus #2 at 40° C and a paddle rotation speed of 125 rpm in 0.2 M

phosphate buffer at a pH of 7.5. A sinker can be coiled around the suppository, for example, for

20 2 to 8 turns of wire (e.g., wire helix). According to a preferred embodiment, a sinker is lightly

coiled around the suppository, for example with only 3 turns of wire helix (for example, for a

suppository containing 800 mg or more mesalamine). According to another embodiment, a

sinker is coiled around the suppository with 7 turns of wire helix (for example, for a suppository

containing 800 mg or less mesalamine). This dissolution method produces results which are

25  significantly more reliable and less variable than those produced by other dissolution methods,
such as methods 1 and 3 discussed in Examples 1 and 2.

Yet another embodiment is a method of preparing a mesalamine rectal suppository by (A)

providing a mesalamine rectal suppository, and (B) measuring the dissolution rate of the

suppository with USP Apparatus #2 at 40° C and a paddle rotation speed of 125 rpm in 0.2 M

30  phosphate buffer at a pH of 7.5. A sinker can be coiled around the suppository, for example, for
6-



7.5 7.5 20 Preparation of 1000 ng nmesal am ne suppositories 1000 ny
nmesal am ne suppositories were prepared by the follow ng procedure. Add
200. 0 kg wO 2hawog4d3at NF (Wtepsol (r) 15) to a m x tank. pBegiseoto@saisdng t he
batch to 58 - 62 C by WD 2011/084638PCT/ US2010/ 060849 recircul ati ng steam
through the tank jacket. The target tenperature is 60 C. Begin mxing with
the sweeps at 12 Hz as the product begins to nelt. Continue heating to 58 -
62C (target 60 C). Mx until the product is conpletely nolten, increasing
the sweeps to 60 Hz as the product melts. Mx for a m ninmum of 30 m nutes,
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appears un| orm Return the product to the mx dj ust
t he t edipsohaiour e of the batch to 43-45 C by recirculating tap water at
approxi mately 50-55C through the tank_ jacket or use the hot box, if

ssary. Yer mthﬂr tgﬂdém@tgslssamppﬂw@ of r preparig B obatehmod ancsalagrng fectal ank
t aki ng .OXI in a.pla 0_beaker . hot x and
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to 30- &?ﬁ@)’ﬁtoﬁ&d aﬁd ﬁleasaﬁn%%ekgisshﬁltlgﬁ ement atal%ﬁﬁtohé’ @u;g)fosﬁ 416 R PEK Bhtch
Fill ea moul d ve 1 suppository per filling 14" consecuti ve
suppos{wtth)rUSé’sApmauy#?ﬁt 3%° @i andtaepaddie m[malbntspmd of Fi 25l rpmmng(hﬁquosphahew dual
supp03|tor| es shoul d be between 2.85 and 3 . 25 Results The
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suppository containing 800 mg or more mesalamine). According to another embodiment, a
sinker is coiled around the suppository with 7 turns of wire helix (for example, for a suppository
containing 800 mg or less mesalamine). Preferably, step (B) includes determining whether the
20  suppository releases at least about 75 or 80% by weight of the mesalamine within 2 hours of
dissolution (Q = 75% as described in USP 711 (30" Ed.), the section entitled “immediate-release
dosage forms”). Step (B) may additionally or alternatively include determining whether the
suppository releases at least about 85% by weight of the mesalamine within 1 hour of
dissolution. If the suppository does not meet the dissolution criterion, the batch of suppositories

25  can be discarded.
Yet another embodiment is a method of preparing a mesalamine rectal suppository by
preparing the suppository from mesalamine having (i) (a) a tap density ranging from about 600
to about 800 g/L and/or (b) a surface area of from about 0.1 to about 2.8 m%/g (or preferably from
about 0.2 to about 2.8 m?/g, preferably from about 0.1 to about 1.3 m%g, or preferably from

30 about 0.2 to about 1.3 m%/g) with (ii) a suppository base, such as a hard fat, having an ascending
7-



27.4 29.3 60 min 54.6 42.8 44.5 90 mn 66.8 54.2 56.3 120 mn 77.2 63 65.9
Average and SD (after 120 mn) 68.70 % drug dissolved (SD = 7.50) Table 3
Ti me 60mMwWORM119B4B8#2 93 #3 96.8 #4 93.7 #5 93.4 #6 93. PCHUSIR0B66839 93. 8 #9
84 #10 97.2 #11 94.4

melting point of 32 to 35.5° C (e.g., 32 to 33.5° C). The inventors have found that the viscosity
of a molten mixture containing mesalamine varies significantly depending on the tap density of
the mesalamine used to form the molten mixture. A molten mixture having a high viscosity
(e.g., greater than 5000 cps) has been found to have flow problems during suppository filling and
5  caused small entrapped air bubbles to be molded into the surface of the suppository with content
uniformity issues and resulting in an aesthetically less desirable product. The suppository may,
for example, be prepared by (A) mixing the mesalamine having the aforementioned tap density
with a suppository base having the aforementioned melting point, and (B) molding the mixture.

According to one embodiment, the mesalamine suppository is prepared by (A) melting

10 the suppository base, e.g., to form a molten solution, (B) adding mesalamine to the melted
suppository base, and (C) molding the mixture.

Yet another embodiment is a mesalamine rectal suppository comprising mesalamine
particles and one or more pharmaceutically acceptable excipients, where the mesalamine
particles have a surface area of from about 0.1 m?/g to about 2.8 m*/g (or preferably from about

15 0.2 to about 2.8 mz/g). According to one embodiment, the drug load of the suppository
preferably ranges from 35% to 50% (or from about 37% to about 46%). Preferably, the
mesalamine particles have a tap density ranging from about 600 to about 800 g/L (as measured
by USP <616>). The suppository can release at least about 75% by weight of the mesalamine
within 2 hours of dissolution as measured with USP Apparatus #2 at 40° C, a paddle rotation

20  speed of 125 rpm, and 3 sinker turns in 0.2 M phosphate buffer at a pH of 7.5. In another
embodiment, the suppository can release at least about 75% by weight of the mesalamine within
2 hours of dissolution as measured with USP Apparatus #2 at 40° C, a paddle rotation speed of
125 rpm, and from 2 to 8 sinker turns in 0.2 M phosphate buffer at a pH of 7.5. In yet another
embodiment, the suppository can release at least about 75% by weight of the mesalamine within

25 2 hours of dissolution as measured with USP Apparatus #2 at 40° C, a paddle rotation speed of
125 tpm, and 7 sinker turns in 0.2 M phosphate buffer at a pH of 7.5.  In one embodiment, the
surface area of from about 0.1 or 0.2 m%/g to about 1.3 m%g. In another embodiment, the surface
area of from about 1.3 m%/g to about 2.8 m%/g.

In one embodiment, the mesalamine suppository containing mesalamine particles having

30  asurface area of from about 0.1 m%/g (or 0.2 m*/g) to about 2.8 m?/g releases
-8-



#12 96.6 Average 93.4 SD 3.4 120min 97.3 97.6 98.1 97.9 95.5 98.6 98.1 97.9
97.9 98.1 97.9 98.4 97.8 0.8 240mn 97.5 98.2 97.7 97.2 97 98.6 98.1 97.3
97.8 97. 3w0B0/087638 97.6 0.5 5(SD = standard devi ati onPCT/US2010/0b849
variability in the dissolution values after 120 m nutes was significantly

| ower when neasured by nethod 2 than when neasured by nethod 1. Thi s
| ow variability was further shown by dissolution tests using nethods 2 and
3 perfornmed on 1000 ng suppositories stored under normal (25 C and 60%
relative humdity) and 10 accelerated (30 C and 60% relative hum dit

st orage conditi éds. Veiavepdalsangd ¥ Predw/wiaf the megslasdneatiasd Ogninutes Ofy)

respec(fii Xfl'X and show that nethod 2 provides reproduci bl e dissol ution
val ues W uH Binimal intra-1ot and batch-to-batch variabili ty.

(b)  at least 27.9% (w/w) of the mesalamine after 20 minutes of dissolution,
and/or
5 (c) at least 32.5% (w/w) of the mesalamine after 30 minutes of dissolution,
as measured with USP Apparatus #2 at 40° C, a paddle rotation speed of 125 rpm, and 3 sinker
turns in 0.2 M phosphate buffer at a pH of 7.5. For example, the mesalamine suppository
contains 1 g or 1.5 g mesalamine.
In another embodiment, the mesalamine suppository contains mesalamine particles

10 having a surface area of from about 0.1 m%/g (or 0.2 m%/g) to about 1.3 m*/g and releases

(a) at least 41.4% (w/w) of the mesalamine after 20 minutes of dissolution,
and/or

(b)  at least 62.3% (w/w) of the mesalamine after 30 minutes of dissolution,
as measured with USP Apparatus #2 at 40° C, a paddle rotation speed of 125 rpm, and 3 sinker

15 tumns in 0.2 M phosphate buffer at a pH of 7.5. For example, the mesalamine suppository
contains 1 g or 1.5 g mesalamine.

In yet another embodiment, the mesalamine suppository contains mesalamine particles
having a surface area of from about 1.3 m?/g to about 2.8 m*/g and releases
(@)  between 19.1% and 40.3% (w/w) of the mesalamine after 10 minutes of

20  dissolution,

(b)  between 27.9% and 70.7% (w/w) of the mesalamine after 20 minutes of
dissolution, and/or

(c)  between 32.5% and 94.8% (w/w) of the mesalamine after 30 minutes of
dissolution,

25  as measured with USP Apparatus #2 at 40° C, a paddle rotation speed of 125 rpm, and 3 sinker
turns in 0.2 M phosphate buffer at a pH of 7.5. For example, the mesalamine suppository
contains 1 g or 1.5 g mesalamine.

Yet another embodiment is a mesalamine rectal suppository comprising from 1.1t02.5 g
mesalamine particles and one or more pharmaceutically acceptable excipients, where the

30  mesalamine particles have (i) a surface area of from about 0.1 m%g to about 2.8 m*/g, (ii) a tap

-9-
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WO 2011/ 084638PCT/ US2010/ 060849 Table 4 Batch 1 (23.5 month

_ . s, 25C/ 60%
RH) Time #1 #2 #3 #4 #5 #6 Average (% SD 60 min 97.8 96.8 98 99.2 98.2 0
98. 6 98. IWO0.2811L@E38i n 98.7 98.9 98.5 99.2 98.3 98.2 98. BCOH/US20H060%N 98. 3
98.5 98.1 98.6 97.5 987.7 98.1 0.4 Batch 2 (14.5 months, 25C/ 60% RH)

density ranging from about 600 to about 800 g/L (as measured by USP <616>), or (iii) both.
Preferably, the suppository releases at least about 85% by weight of the mesalamine within 1
hour of dissolution as measured with USP Apparatus #2 at 40° C, a paddle rotation speed of 125
rpm, and 3 sinker turns in 0.2 M phosphate buffer at a pH of 7.5. The drug load in the

5 suppository can be, for example, from 25% to 50% (for instance, 35% to 50%). The suppository
can contain any of the aforementioned amounts of mesalamine, for instance, from about 400 mg
to 3000 g of mesalamine. In one embodiment, the suppository contains about 400 to about 800
mg mesalamine. In another embodiment, the suppository contains from about 1.1 to about 2.5 g
mesalamine.

10 The suppositories of the present invention (including all of the embodiments mentioned
above) can include, for example, from about 400 or 500 mg to about 3 g of mesalamine. For
instance, a suppository of the present invention can include 500 mg, 600 mg, 750 mg, 800 mg, or
1,1.1,12,1.3,14,1.5,1.6,1.7,1.8,1.9,2.0,2.1,22,2.3,2.4, or 2.5 g of mesalamine.

15 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a graph showing the viscosity of the molten mixtures prepared in Example 3
versus the tap densities of the mesalamine used to prepare the molten mixtures.

Figure 2 is a graph showing the viscosity of the molten mixtures prepared in Example 4
versus the tap densities of the mesalamine used to prepare the molten mixtures.

20 Figure 3 is a graph showing the viscosity of the molten mixtures prepared in Examples 3
and 4 versus the tap densities of the mesalamine used to prepare the molten mixtures.

Figures 4-9 show the dissolution profiles of mesalamine suppositories having drug loads
of 33, 37, and 42% prepared from mesalamine having a tap density of 680 or 730 g/L and hard
fat having an ascending melting point of 32 to 33.5° C (Witepsol® H-12) or 33.5 to 35.5° C

25 (Witepsol® H-15).

Figure 10 shows the dissolution profiles of mesalamine suppositories having drug loads
of 42 and 44% prepared from mesalamine having a tap density of 730 g/L and hard fat having an
ascending melting point of 32 to 33.5° C (Witepsol® H-12).

Figure 11A is a graph showing the percentage of mesalamine dissolved after 30 minutes

30 from mesalamine suppositories prepared in Example 7A at a drug load of 23% versus the surface
-10-



Time #1 #2 #3 #4 #5 #6 Average (%9 SD 60 mn 97.6 97.5 98.2 98.2 97.6 97.1
97.7 0.4 120 mn 97.1 97.5 97.9 97.9 98.3 97.2 97.7 0.5 240 mn 97.3 96.7
97.4 97. 4W0n011/8638 97.2 0.4 Batch 3 (4 nonths, 25C / 6@¢TRISR01006®B49:1 #2 #3

area of the mesalamine, where the dissolution was measured with USP Apparatus #2 at 37.3° C,
a paddle rotation speed of 100 rpm, and 7 sinker turns in 0.2 M phosphate buffer at a pH of 7.5.

Figure 11B is a graph showing the percentage of mesalamine dissolved over time from

mesalamine suppositories prepared in Example 7B at a drug load of 23%, where the mesalamine
5 has various surface areas.

Figure 12 is a graph showing the percentage of mesalamine dissolved from mesalamine
suppositories prepared in Example 8 at a drug load of 33% versus the surface area of the
mesalamine.

Figure 13 is a graph showing the percentage of mesalamine dissolved over time from

10  mesalamine suppositories prepared in Example 8 at a drug load of 33%, where the mesalamine
particles in the suppositories have various surface areas.

Figure 14 is a graph showing the percentage of mesalamine dissolved over time from
mesalamine suppositories prepared in Example 8 at a drug load of 42%, where the mesalamine
particles in the suppositories have various surface areas.

15 Figure 15 is a graph showing the percentage of mesalamine dissolved over time from
mesalamine suppositories prepared in Example 9 at a drug load of 39-42%, where the

mesalamine particles in the suppositories have various surface areas.

DETAILED DESCRIPTION OF THE INVENTION
20  Definitions ‘

The term “mesalamine” refers to 5-aminosalicylic acid (5-ASA). According to one
embodiment, the mesalamine has the following particle size distribution: X10 of about 5 to
about 11 pm, X50 of about 25 to about 45 pum, and X90 of about 85 to about 100 um.

The term “drug load” refers to the weight percentage of mesalamine based on the total

25  weight of the suppository.

As used herein, the term “patient” refers to any mammal and preferably a human. The
patient to be treated with mesalamine may in fact be any patient of the human population, male
or female, which may be divided into children, adults, or elderly. Any one of these patient

groups relates to an embodiment of the invention.

-11-



#4 #5 #6 Average (%9 SD 60 min 98.5 96.7 91 92.2 96.7 98.2 95.6 3.2 120 min
98.9 98.7 94.4 98.7 98.7 98.6 98.0 1.8 240 min 98.5 98.2 96 97.3 97.7 97.8
97.6 0.9 wBantinsd6382. 5 nonths 25C / 60% RI-1) Tinme #1 #PCHAISZU0/660846
Average (9

As used herein, the term “treating” refers to preventing or delaying the appearance of
clinical symptoms of a disease or condition in a patient that may be afflicted with or predisposed
to the disease or condition, but does not yet experience or display clinical or subclinical
symptoms of the disease or condition. “Treating” also refers to inhibiting the disease or

5  condition, ie., arresting or reducing its development or at least one clinical or subclinical
symptom thereof. “Treating” further refers to relieving the disease or condition, i.c., causing
regression of the disease or condition or at least one of its clinical or subclinical symptoms. The
benefit to a patient to be treated is either statistically significant or at least perceptible to the
patient and/or the physician.

10 Symptoms of active ulcerative proctitis include, but are not limited to, abdominal pain,
diarrhoea, rectal bleeding, sensation of incomplete emptying of the bowels, tenesmus, weight
loss, fever, loss of appetite, tiredness, and other more serious complications, such as dehydration,
anemia and malnutrition. A number of such symptoms are subject to quantitative analysis (e.g.
weight loss, fever, anemia, etc.). Some symptoms are readily determined from a blood test (e.g.

15 anemia). |

Unless otherwise specified, tap density is measured by the USP tapped density test
<616>.

Formulations
20 The mesalamine (e.g., in powder form) is typically dispersed in a suppository base, such
as hard fat. The suppository base can be an oily or fatty base. Conventional suppository bases
which may be employed include theobroma oil, hard fats, glycerides of fatty acids, glycerol-
gelatin bases, and mixtures thereof. Suitable hard fat bases include, but are no limited to,
esterified mixtures of mono-, di- and triglycerides which are obtained by esterification of fatty
25  acids (European Pharmacopoeia, 3rd edition 1997, Deutscher Apotheker Verlag Stuttgart. p.
1022; The United States Pharmacopoeia, USP 23, NF18). Such hard fats are commercially
available, for example, under the name Witepsol® (e.g. Witepsol® H12 and H15). A preferred
suppository base is hard fat (e.g., hard fat NF).
Preferred hard fat bases include, but are not limited to, hard fats containing a mixture of

30  mono-, di- and triglycerides of saturated Co.;s fatty acids. The hard fat base can comprise hard
-12-
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fats obtained by esterification of fatty acids of vegetable origin with glycerol, a macrogol ether
containing 20 to 24 oxyethylene groups in the polyoxyethylene chain, e.g., polyoxyl-20-
cetostearyl ether, and glycerides, e.g., glyceryl ricinoleate.

Other suitable suppository bases include, but are not limited to, cocoa butter, lauric oil,

5  beef tallow, hard fat, and any combination of any of the foregoing.

The drug load of the suppository is preferably 35 or 37% to 50%. According to one
embodiment, the drug load ranges from about 37 to about 46%. According to another
embodiment, the drug load ranges from about 39 to about 45%. According to yet another
embodiment, the drug load ranges from about 41 to about 43%. For example, the suppository

10 can contain about 1000 mg mesalamine dispersed in about 1300 to about 1500 mg of a
suppository base (preferably hard fat).

The total weight of the suppository preferably ranges from about 2250 to about 2700 mg
and more preferably from about 2250 to about 2500 mg. According to one embodiment, the
suppository has a total weight ranging from about 2300 mg to about 2500 mg.

15 The suppository is preferably smooth torpedo-shaped.

The melting point of the suppository is generally sufficient to melt in the patient’s body,

and is typically no more than about 37° C.

Methods of Preparation

20 The mesalamine suppository of the present invention may be prepared as follows. The
mesalamine is dispersed in a suppository base in molten form, which is then poured into a
suitable mould, such as a PVC, polyethylene, or aluminum mould. For example, the mesalamine
may be dispersed in the suppository base at a temperature of from about 35° C to about 50° C
and preferably from about 40° C to about 44° C. The mesalamine can be milled or sieved prior

25  toincorporation into the suppository base.

If desired, further pharmaceutically acceptable auxiliaries, such as, for example,
stabilizers, consistency-improving additives or auxiliaries which bring about a uniform
distribution of the mesalamine in the suppository base, can be added. Optionally the

suppositories may be coated, prior to packing, for example with cetyl alcohol, macrogol or

-13-
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polyvinyl alcohol and polysorbates to increase disintegration time or lubrication or to reduce
adhesion on storage.
Preferably, the viscosity of a sample of the molten mesalamine dispersion is determined
in-process for quality control. For example, the viscosity cut off may be about 5000 to about
5 10000 cps. According to one embodiment, batches of molten mesalamine dispersion having a
viscosity of about 10000 cps or less would be considered acceptable while those having a
viscosity over 10000 cps would not (and, therefore, may be discarded). ~ According to another
embodiment, batches of molten mesalamine dispersion having a viscosity of about 5000 cps or
less would be considered acceptable.

10 The tap density of the mesalamine used to prepare the molten mesalamine dispersion is
also preferably monitored before production to ensure that the tap density of the mesalamine is at
least about 600 g/L and preferably from about 600 to about 800 g/L. Similarly, the surface area
of the mesalamine used to prepare the molten mesalamine dispersion is preferably monitored
before production to ensure that the surface area is in the desired range, e.g., between about 0.1

15  (or 0.2) and 2.8 m%g (or between about 0.1 (or 0.2) and 1.3 m?/g, or between about 0.1 (or 0.2)
to about 0.8 m*/g, or between about 0.1 (or 0.2) to about 0.5 m?/g, or between about 0.6 to about
1.0 m*/g). Preferably, the mesalamine is not in the form of granules suitable for compaction into
tablets. Rather, the mesalamine is preferably in the form of a powder of unagglomerated needle-
shape crystals.

20 One or more sample suppositories from each batch produced are preferably tested by the
dissolution method of the present invention for quality control. According to a preferred
embodiment, a sample from each batch is tested to determine whether at least about 75 or 80%

by weight of the mesalamine dissolves within 2 hours.

25  Methods of Treatment

The mesalamine suppository can be administered to treat ulcerative colitis, such as active
ulcerative proctitis, in a patient in need thereof. Preferably, the mesalamine suppository is
administered in sufficient quantity and frequency to reduce the symptoms of ulcerative colitis.

The mesalamine suppository can also be administered prophylactically to a patient at risk

30 for ulcerative colitis (such as active ulcerative proctitis). Preferably, the mesalamine suppository
-14-
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is administered in sufficient quantity and frequency to delay or prevent the onset of symptoms of
ulcerative colitis (e.g., to delay or prevent the onset of abdominal pain, diarrhea, rectal bleeding,
weight loss, fever, loss of appetite, dehydration, anemia, or malnutrition, or any combination
thereof).

5 In the above methods, the mesalamine suppository is preferably administered once a day
and more preferably once a day at bedtime. The suppository is also preferably retained for one
to three hours or longer, if possible. The treatment can be brief, for example, once daily for three

to twenty-one days, or can be longer, for example, once daily for three to six weeks.

10 The following examples illustrate the invention without limitation. All percentages are

by weight unless otherwise indicated.

Example 1
The dissolution profiles of 1000 mg mesalamine suppositories (such as those prepared

15  according to the procedure described below) were determined by three different methods (shown
in Table 1 below using USP Apparatus #2). As discussed below, only the dissolution method of

the present invention (method 2) produced consistent results.

20

Table 1
Parameter Method 1 | Method 2 | Method 3
Phosphate buffer 0.05M 02M 02M
Temperature 37°C 40° C 37°C
Paddle rotation speed | 100 rpm | 125 rpm | 100 rpm
Sinker turns 7 turns 3 turns 3 turns
pH 7.5 7.5 15

Preparation of 1000 mg mesalamine suppositories

1000 mg mesalamine suppositories were prepared by the following procedure. Add
200.0 kg of hard fat NF (Wi‘u—*:psol® 15) to a mix tank. Begin heating the batch to 58 - 62° C by

-15-
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98.7 98.8 99.1 0.4 Batch 8(3.5 nonths, 30C/ 60% RH) Tine #1 #2 #3 #4 #5
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recirculating steam through the tank jacket. The target temperature is 60° C. Begin mixing with
the sweeps at 12 Hz as the product begins to melt. Continue heating to 58 - 62°C (target 60° C).
Mix until the product is completely molten, increasing the sweeps to 60 Hz as the product melts.
Mix for 2 minimum of 30 minutes, maintaining the temperature at 58 - 62° C using the hot box

5 (target 60° C). Adjust the temperature of the batch to 40-44°C by recirculating tap water at
approximately 34-40° C through the jacket. Maintain the batch at this temperature using the hot
box (target 42° C). While adjusting the temperature, shut off the sweeps, install the prop mixer
with one 7” x 7” blade and restart the sweeps to 60 Hz. Begin mixing with the prop at 12 Hz and
adjust the sweeps to 30 Hz.

10 Slowly add 100.0 kg of mesalamine powder USP to the mix tank. During the addition of
the powder, slowly increase the sweeps to 35 Hz and the prop to 35 Hz as the product level in the
tank increases, minimizing aeration. The addition of the powder is performed over a 35 to 60
minute interval.

Mix for a minimum of 60 minutes. During the mix period, flush product through the

15 bottom valve using a large pot. Continue flushing throughout the mixing interval until product
appears visually uniform. Return the product to the mix tank.

Adjust the tempetature of the batch to 43-45° C by recirculating tap water at
approximately 50-55°C through the tank jacket or use the hot box, if necessary. Perform in-
process sampling from the bottom valve of the tank taking approximately 600 g in a plastic

20  beaker. Hook up the hot box and set it to hold the temperature of the batch at 43-45° C. Adjust
the sweeps to 30-36 Hz and prop to 20-30 Hz to prevent aeration of the product.

Fill each mould. Remove 1 suppository per filling head (14 consecutive suppositories)
every 25-35 minutes of operation. Fill weights of individual suppositories should be between
2.85and 3.15 g.

25
Results

The dissolution profile of the 1000 mg mesalamine suppositories were determined by

methods 1 and 2. The results are shown in Tables 2 and 3, respectively.
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10

Table 2
Time Sample 1 | Sample 2 | Sample 3
10 min 10.5 11.8 11.3
20 min 224 20.9 21.8
30 min 32.9 274 29.3
60 min 54.6 42.8 44.5
90 min 66.8 542 56.3
120 min 77.2 63 65.9
Average and SD | 68.70 % drug dissolved (SD = 7.50)
(after 120 min)

Table 3

Time | #1 | #2 | #3 | #4 | #5 | #6 | #7 | #8 | #9 | #10 | #11 | #12 Average | SD
60min 922 | 93 |96.8|93.7[93.4 (932928938 | 84 972944 |96 934 |34
120min | 97.3 | 97.6 | 98.1 | 979 95.5|98.6 | 98.197.9979(98.11979|984| 978 |08
240min | 97.5 1 9829771972 | 97 |98.6|98.1{973|97.8|973(972(978! 976 |05

(SD = standard deviation)

The variability in the dissolution values after 120 minutes was significantly lower when
measured by method 2 than when measured by method 1.

This low variability was further shown by dissolution tests using methods 2 and 3
performed on 1000 mg suppositories stored under normal (25° C and 60% relative humidity) and
accelerated (30° C and 60% relative humidity) storage conditions. The results are provided in
Tables 4 and 5, respectively, and show that method 2 provides reproducible dissolution values

with minimal intra-lot and batch-to-batch variability.
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100 99.5 99.7 0.3 240 mn 99.3 98.8 99.4 99 99.2 98.9 99.1 0.2 Batch 10
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Table 4
Batch 1 (23.5 months, 25°C / 60% RH)

Time | #1 | #2 | #3 | #4 | #5 | #6 | Average (%) |SD
60min | 97.8 968 | 98 |99.2|98.2 | 98.6 98.1 0.8
120 min { 98.7 | 98.9 | 98.5199.2 | 98.3 | 98.2 98.6 0.4
240 min | 98.3 | 98.5 | 98.1 | 98.6 | 97.5 | 987.7 98.1 0.4

Batch 2 (14.5 months, 25°C / 60% RH)

Time | #1 | #2 | #3 | #4 | #5 | #6 | Average (%) | SD
60min | 97.6 | 97.5{98.2|98.2|97.6 |97.1 97.7 0.4
120 min | 97.1 | 97.5|97.9|97.9 983 |97.2 97.7 0.5
240 min | 97.3 | 96.7 | 97.4 | 97.4 | 97.7 | 96.9 97.2 0.4

Batch 3 (4 months, 25°C / 60% RH)

Time | #1 | #2 | #3 | #4 | #5 | #6 | Average (%) | SD
60min | 98.5]96.7| 91 |92.2|96.7|98.2 95.6 32
120 min | 98.9 | 98.7 | 94.4 | 98.7 | 98.7 | 98.6 98.0 1.8
240 min | 98.5|98.2| 96 |97.3197.7,97.8 97.6 0.9
5 Batch 4 (2.5 months, 25°C / 60% RH)

Time | #1 | #2 | #3 | #4 | #5 | #6 | Average (%) | SD
60 min | 99.3 [ 99.5 | 100.3 | 99.3 | 98.7 | 99.6 99.5 0.5
120 min | 98.8 | 98.9 | 99.9 | 99.4 | 98.4 | 99.6 99.2 0.6
240min | 98.5|98.9| 99.4 |98.6 | 97.8 | 99.1 98.7 0.6

Batch 5 (4.5 months, 25°C / 60% RH)

Time #1 #2 #3 #4 #5 #6 | Average (%) | SD
60 min | 100.8 | 101.7 | 101.3 | 101.4 | 101.3 | 101.4 101.3 0.3
120 min | 100.2 | 101.4 | 100.9 | 101 {101.1 | 101.8 101.1 0.5
240 min | 100.2 | 100.5 | 100.5 | 100.5 | 100.8 | 101.1 100.6 0.3

Batch 6 (4.5 months, 25°C / 60% RH)
Time | #1 | #2 | #3 | #4 #5 #6 | Average (%) | SD
60 min | 99.7 [ 99.8 {99.3 | 101.1 | 100 | 100.3 100.0 0.6
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0.4 240 mn 99.1 98.4 98.6 99.2 98.7 99.1 98.9 0.3 Table 5 Batch nunber

and storage Sanple No. (within batch) Average SD conditions (sanples taken
at 120 mwp 2011/0846383 4 5 6 11 101.5 102.4 102.5 101. 5rt®@Qis2010060889 101. 6

0.8 6 nonths at 25C / 60% RH

120 min | 98.7 | 99.9 | 99.8 | 100.8 | 100.1 | 100.1 99.9 0.7
240 min | 98.5|99.4 199.7 | 100.6 | 99.8 | 99.4 99.6 0.7
Batch 7 (4.5 months, 25°C / 60% RH)

Time | #1 | #2 | #3 | #4 | #5 | #6 | Average (%) | SD
60 min | 99.7 [ 99.9 | 99.2 | 100.5 | 99.4 | 99.6 99.7 0.5
120 min | 100 | 99.7 | 99.6 | 100.4 | 99.1 | 99.7 99.8 0.4
240 min | 99.7| 99 | 99 | 99.5 | 98.7|98.8 99.1 0.4

Batch 8 (3.5 months, 30°C / 60% RH)

Time #1 #2 #3 #4 #5 #6 | Average (%) | SD
60 min | 100.8 [ 100.3 | 100.7 | 101 | 101 | 100.7 100.8 0.3
120 min | 100.6 | 99.9 | 100.5 | 100.6 | 100.6 | 100.3 100.4 0.3
240min | 99.9 | 99.2 | 999 | 100 | 100 | 99.5 99.8 0.3

Batch 9 (3.5 months, 30°C / 60% RH)

Time | #1 | #2 | #3 | #4 | #5 | #6 | Average (%) | SD
60 min | 100 | 99.9 | 100.2 | 99.7 | 99.8 | 99.8 99.9 0.2
120 min | 99.7 | 99.4 | 100 [ 99.4 | 100 | 99.5 99.7 0.3
240 min | 99.3 | 98.8 | 99.4 | 99 |99.2|98.9 99.1 0.2

Batch 10 (3.5 months, 30°C / 60% RH)

Time | #1 | #2 | #3 | #4 | #5 | #6 | Average (%) | SD
60 min | 99.3 | 98.9199.9 |99.8|99.6 | 99.3 99.5 0.4
120 min | 99.6 | 98.7 1 99.1 | 99.6 | 99.1 | 99.7 99.3 0.4
240 min | 99.1 | 98.4 | 98.6 | 99.2 | 98.7 | 99.1 98.9 0.3

5
Table 5
Batch number and storage Sample No. (within batch) Average | SD
conditions (samples taken at 120 min)
1 2 3 4 5 6
11 101.5 | 102.4 | 102.5 { 101.5 | 100.9 | 100.6 | 101.6 | 0.8
6 months at 25°C / 60% RH
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WO 2011/ 084638PCT/ US2010/ 060849 Bat ch nunber and storage conditions Sanpl e
No. (within batch) (sanples taken at 120 mn) Average SD 1 2 3 45 6 12

6 nont hs WO 286@s46380% RH 101.3 100.3 101.3 102. 3 100. 3 PO0AB2000663349. 9 13 6
nmonths at 25C / 60% RH 100.4 99.7 98.6 100.3 98.8 99.8 99.6

Batch number and storage Sample No. (within batch) Average | SD
conditions (samples taken at 120 min)
1 2 3 4 5 6
12 101.3 | 100.3 | 101.3 { 102.3 | 100.3 } 100.0 | 1009 | 0.9
6 months at 25°C/ 60% RH
13 1004 | 99.7 | 98.6 | 1003 | 98.8-| 998 | 99.6 | 0.8
6 months at 25°C / 60% RH
14 982 | 993 | 98.9 | 97.2 | 99.1 | 988 | 986 | 0.8
25 months at 25°C / 60% RH
15 924 | 984 | 97.6 | 973 | 96.7 | 920 | 957 | 2.8
16 months at 25°C / 60% RH
16 98.4 | 96.4 | 955 | 96.8 | 99.6 | 969 | 973 1.5
5 months at 25°C/ 60% RH
17 99 98 97 | 100 | 99 81 957 |13
23 months at 25°C / 60% RH
18 101 | 103 | 100 | 103 | 100 | 102 | 1015 | 1.4
23 months at 25°C / 60% RH
19 101 | 102 | 101 | 103 | 100 | 102 | 1015 | 1.0
20 months at 25°C / 60% RH
20 97 | 102 | 97 95 99 96 977 | 25
6 months at 30°C / 60% RH
21 94 94 72 81 91 | 106 89.7 |11.8
6 months at 30°C / 60% RH
22 85 92 93 89 94 75 880 | 7.2
6 months at 30°C / 60% RH
23 85 90 97 91 96 85 90.7 | 52
6 months at 30°C / 60% RH
24 75 50 66 72 61 40 60.7 | 134
6 months at 30°C / 60% RH




0.8 14 25 nonths at 25C/ 60% RH 98.2 99.3 98.9 97.2 99.1 98.8 98.6 0.8 15
16 nonths at 25C /60% RH 92.4 98.4 97.6 97.3 96.7 92.0 95.7 2.8 16 5 nonths
at 25C / wO0%RKs&Bs4 96.4 95.5 96.8 99.6 96.9 97.3 1.5 PCTAB20m0M060339 at 25C
/ 60% RH 99 98 97 100 99 81 95.7 7.3

Batch number and storage Sample No. (within batch) Average | SD
conditions (samples taken at 120 min)
1 2 3 4 5 6
25 73 97 60 89 87 81 812 |13.1
6 months at 30°C / 60% RH

Samples from the three batches exhibiting the highest variability when measured

according to method 3, i.e., batches 21, 24 and 25, were tested by method 2 for comparison. The

results are shown in Table 6.

5
Table 6
Batch Sample No. (within batch) Average | SD
(samples taken at 120 min)
1 1213 (4|56
21 | 100 | 100|100 | 100|101 {101 | 100.3 |0.52
24 1101|101 (101|101 |101|102| 101.2 |0.41
25 |100| 100|101 |100| 99 |100| 100.0 |0.63
These results show that method 2 produced more reliable and less variable dissolution
results than method 3.
10
Example 2
The dissolution profiles of the 1000 mg mesalamine suppositories prepared in Example 1
were determined according to method 1 described in Example 1.
The results are shown in Table 7 below.
15
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18 23 nmonths at 25C / 60% RH 101 103 100 103 100 102 101.5 1.4 19 20 nonths
at 25C/ 60% RH 101 102 101 103 100 102 101.5 1.0 20 6 nonths at 30C / 60%
RH 97 102w020D%8e83896 97.7 2.5 21 6 nonths at 30C / 60%PRH134019460829 81 91
106 89.7 11.8 22

Table 7

1000 mg suppository
At 120 min,
Average: 73% + 10.3 (SD)
Range: 54.8% -97.1%

Example 3
The following experiment was conducted to determine if the tap density of the

5 mesalamine powder starting material significantly affected the viscosity of the molten mixture

used to form the suppository. Generally, a molten mixture having a viscosity greater than about

5000 to about 10000 cps was found to have flow problems during suppository filling and caused

small entrapped air bubbles to be molded into the surface of the suppository with content
uniformity issues and resulting in an aesthetically less desirable product.

10 The tap density of several lots of mesalamine were determined by USP tapped density

test <616> and are shown in Table 8 below.

Table 8
Mesalamine Lot | Tapped Density (g/ml)
A 0.81
B 0.72
C 0.68
D 0.39
E 0.68
F 0.46
G 0.60
15 Molten mixtures were prepared by the procedure described in Example 1 using

mesalamine lots A, B, and E. The molten mixtures had the viscosities reported in Table 9 below.
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1

Table 9

Molten Mixture Lot No. | Mesalmine Lot | Mesalamine Tap Density (g/ml) | Viscosity (cps)

1 A 0.81 429
2 B 0.72 468
3 E 0.68 1010

Molten mixtures prepared from combinations of mesalamine lots C-G were prepared and
had the viscosities reported in Table 10 below. The individual tap densities of each mesalamine
5 lot were used to calculate a composite tapped density (CTD) based on the amount of each lot.
The calculated CTD can be expressed by the following equation:
(CDF); + (CDF), + ..... (CDF),=CTD
where CTD = composite tapped density; CDF = contributed density factor = % of total drug
used/100 x TD; TD = measured tapped density; and n = number of drug lots used.

10
Table 10
Molten Mixture Mesalamine | Measlamine used D CTD Viscosity
Lot No. Lot Kg) (g/ml) (g/ml) (cps)
4 C 82.5 0.68
D 17.5 0.37 0.62 1680
5 D 61.0 0.37
E 17.0 0.68
F 22.0 0.46 0.44* 13300
6 G 100.0 0.60 0.60 1730

* Note: Accuracy of the CTD of the 3 mesalamine lots used was confirmed by measuring the tap
density of a separate mesalamine powder blend at the same ratio. The result was 0.43 g/ml

15  compared to 0.44 g/ml.

The density-viscosity data from Tables 9 and 10 were combined and plotted (Figure 1) to
assess the correlation for these two parameters. These data show a definite rank-order inverse

relationship, with a correlation coefficient of 0.9743. Notably, a reduction in the CTD from 0.60

23-



23456 25 73 97 60 89 87 81 81.2 13.1 6 nonths at 30C / 60% RH

Sanpl es fromthe three batches exhibiting the highest variability when
nmeasur ed wocoridismgst o met hod 3, i.e., batches 21, 24 ana#czZhis2ewneisuest ed by
met hod 2 for conparison. The results are shown in Table 6. Table 6 Batch
Sanmpl e No. (within batch) (sanples taken at 120 mn) Average SD 1 2 3 4 5
6

g/ml to 0.44 g/ml resulted in a 7 fold increase in viscosity from 1730 cps to 13300 cps (see

molten mixture lot nos. 5 and 6 in Table 10).

Example 4
5 The procedure described in Example 3 was repeated with mesalamine lot nos. 1-8 shown

in Table 11 below. The results are shown in Table 11 and Figure 2. From the correlation curve

in Figure 2, a viscosity of 5000 cps corresponds to a tap density of about 0.50 g/ml.

Table 11
Mesalamine Lot No. Tap Density (g/ml) Viscosity (cps)
1 0.45 13845
2 0.53 1755
3 0.44 19500
4 0.36 37100
5 0.40 47500
6 0.40 26910
7 0.36 37830
8 0.37 33735

10
The correlation of density to viscosity is essentially rank-order and demonstrates an
inverse relationship of the two parameters (correlation coefficient = 0.8803).
The tap density and viscosity data from Examples 3 and 4 (Tables 9-11) were combined
and are shown graphically in Figure 3. The combined data clearly show the strong correlation
15  (correlation coefficient = 0.9343) between the tap density of mesalamine powder and its effect

on the in-process viscosity of the drug-hard fat dispersions.

Example 5
1 g mesalamine suppositories using Witepsol® H-15 or Witepsol® H-12 (hard fat NF) as

20  the suppository base were prepared by the procedure described in Example 1 at drug loads of 33,
37, 42, and 44%. All the suppositories released at least 75% by weight of the mesalamine

contained in the suppository within 2 hours of dissolution as measured with USP Apparatus #2 at
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21 100 100 100 100 101 101 100.3 0.52 24 101 101 101 101 101 102 101.2 0.41

25 100 100 101 100 99 100 100.0 0.63 These results show t hat nethod
2 producestororigrsuesBi abl e and | ess vari abl e di ssol uti on resuist& oobesas met hod
3. Exanple 2 The dissolution profiles of the 1000 ng nesal am ne

suppositories prepared in Exanple 1 were determ ned according to nethod 1
described in Exanple 1. The results are shown in Table 7 below. WO
2011/ 084638PCT/ US2010/ 060849 Table 7 1000 ng suppository At 120 mn,
Average: 73% + 10.3 (SD) Range: 54.8%-97. 1% Exanple 3

40° C, a paddle rotation speed of 125 rpm, and 3 sinker turns in 0.2 M phosphate buffer at a pH
of 7.5 (method #2 of Table #1).
Figures 4 and 5 show the dissolution profiles of mesalamine suppositories having drug
loads of 33, 37, and 42% prepared from mesalamine having a tap density of 680 g/L and
5  Witepsol® H-15.
Figure 6 shows the dissolution profiles of mesalamine suppositories having drug loads of
33, 37, and 42% prepared from mesalamine from Supplier 2, Grade B, having a tap density of
730 g/L and Witepsol® H-15.
The in-process molten mixtures of mesalamine and hard fat used in the preparation of the
10 suppositories described above with respect to figures 4 to 6 had the viscosities reported in Table
12 below. Suppositories could not be made from Grades C and D from supplier 2. Grades C and
D were designed for compression of the mesalamine into tablets and were found to be unsuitable

for the preparation of a suspension in hard fat as required for the preparation of the suppository.

15 Table 12
Source Tap Drug Load Dispersion
Density (% wiw) Viscosity
g/L (Cps)
Supplier 1 0.68 33 694
37 1131
42 2512
Supplier 2, grade A 0.68 33 595
37 1084
42 2553
Supplier 2, grade B 0.73 33 515
37 845
42 1911
Supplier 2, grade C 0.58 33 Too Viscous
Supplier 2, grade D 0.91 33 Poor
Dispersion

Figure 7 shows the dissolution profiles of mesalamine suppositories having a drug load of
42% prepared from mesalamine having a tap density of 680 g/L (supplied by Suppliers 1 and 2)
or 730 g/L (Supplier 2, grade B) and Wi‘[epsol® H-15.
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The follow ng experiment was conducted to determine if the tap density of
the 5 nesal am ne powder starting material significantly affected the
vi scosi t ywof2otims4638l t en m xture used to formthe supposiPronis20iGenmsial |y, a
nolten m xture having a viscosity greater than about 5000 to about 10000
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smal |
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prepared with a mesalamine from supplier 2 having a tap density of 730g/ml manufactured using
Witepsol® H-12 (ascending melting point of 32 to 33.5° C).

Figure 9 shows the dissolution profiles of mesalamine suppositories having a drug load of
42% prepared from mesalamine having a tap density of 680 g/L (Supplier 1) or 730 g/L
(Supplier 2, grade B) and Witepsol® H-12 or Witepsol® H-15.

Figure 10 shows the dissolution profiles of mesalamine suppositories from a larger scale
batch having drug loads of 42 and 44% prepared from mesalamine having a tap density of 730
g/L (Supplier 2, grade B) and Witepsol® H-12.

Example 6
High Density 1000 mg Mesalamine Suppositories

1 g mesalamine suppositories, each containing 1000 mg mesalamine (USP) and 1381 mg
Witepsol® H-12 (hard fat NF), were prepared according to the following procedure.

The hard fat (Witepsol® H-12, 65.25 kg) is melted by charging it into a kettle, which is
operated in automatic mode with a tank temperature of 75° C, a melting temperature of 60° C, a
cooling water temperature of 48° C, a cooling air temperature of 44° C, a holding a T melting of
45 minutes, a mixing at T melting of 15 minutes, and a holding at 256 rpm for 60 minutes.
When the temperature reaches 40-44° C, the mixing speed is between 60-80 rpm, and the water
heating tank temperature is 71-79° C, the mesalamine from Supplier 2, grade B is slowly added
over a period of 50 to 70 minutes with constant mixing at 230-270 rpm. The suspension is then
mixed for 55 to 65 minutes (set point of 60 minutes) at 230-270 rpm. After the mixing time, the
mixing speed is adjusted to 168-180 rpm (set point of 175 rpm).

Moulds are then filled, each mould containing 2.33-244 g of the suspension. The moulds
are then cooled for 5 to 10 minutes at 20° C.

1 g suppositories heat sealed in PVC/PE containers (2.3 mL capacity per cavity) were

stored for at 25 + 2° C and 60 + 5% relative humidity for 3 months.. The suppositories were
-26-
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0.68 1010 Mol ten m xtures prepared from conbi nati ons of nesal am ne
lots GG were prepared and had the viscosities reported in Table 10 bel ow
The i ndi woural1/isagssdensi ti es of each nesal ami ne 5 | ot wece/uss@d/ 066349

cal cul ate a conposite tapped density (CTD) based on the anmount of each |ot.
The cal cul ated CTD can be expressed by the foll ow ng equation: (CDF)i +
(CDF)2 + ..... (CDF)" = CTD where CID = conposite tapped density; CDF =
contributed density factor = % of total drug used/ 100 x TD; TD = neasured
tapped density; and n = nunber of drug lots used. 10 Table 10 Ml ten

M xt ur Ruhdtio Ne. stM@ ahdntlegselatlcdde 89YABY ﬁ@@tﬁ&ﬁ” thKohesaiamii®/ editaifeiDin( gren)
Viscosity (cps) 4 C 82.5 0.68 D 17.5 37 0.62 1680 5 D 61.0 0. 37
suppository within 2 hours of dissolution as measured with USP Apparatus #2 at 40° C, a paddle

rotation speed of 125 rpm, and 3 sinker turns in 0.2 M phosphate buffer at a pH of 7.5.

5 Example 7A
Suppositories containing 500 mg mesalamine having various surface areas, at a drug load

of 23% were prepared by the procedure described in Example 1 using appropriate mixing speeds.
The surface area of the mesalamine ranged from 0.395 to 2.799 m*/g. The percentage of
mesalamine dissolved at 30 minutes was measured with USP Apparatus #2 at 37.3° C, a paddle
10  rotation speed of 100 rpm, and 7 sinker turns in 0.2 M phosphate buffer at a pH of 7.5. The

results are shown in Figure 11A.

Example 7B

The percentage of mesalamine released over time was also measured for each
15  suppository, where the dissolution was measured with USP Apparatus #2 at 40° C, a paddle
rotation speed of 125 rpm, and 7 sinker turns in 0.2 M phosphate buffer at a pH of 7.5. The

results are shown in Figure 11B.

Example 8
20 Suppositories containing 1000 mg mesalamine having various surface areas and

Witepsol® H-15 (hard fat NF), at a drug load of 33% were prepared by the procedure described
in Example 1. The surface area of the mesalamine ranged from 0.268 to 2.799 m?/g. The
percentage of mesalamine dissolved at 30 minutes was measured with USP Apparatus #2 at 40°
C, a paddle rotation speed of 125 rpm, and 3 sinker turns in 0.2 M phosphate buffer at a pH of

25  7.5. Theresults are shown in Figure 12.
The percentage of mesalamine released after 10, 20, and 30 minutes was also measured

for each suppository. The results are shown in Figure 13.
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ratio. The result was 0.43 g/nm 15 conpared to 0.44 g/m. The
density-viscosity data from Tables 9 and 10 were conbi ned and plotted
(Figure 1) to assess the correlation for these two paraneters. These data
show a definite rank-order inverse relationship, with a correlation
coefficient of 0.9743. Notably, a reduction in the CID from0.60 WO
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The tables below shows the minimum and maximum percentage of mesalamine dissolved

as a function of surface area. The data presented in the tables originated from the 33% and 42%

suppositories.
Minimum percentage of Minimum percentage of Minimum percentage of
Surface N o .
area (mz/g) # batch | mesalamine dissolved mesalamine dissolved mesalamine dissolved
after 10min after 20min after 30min
1.3<x<2.8 4 26% 40% 52%
0.1<x<1.3 18 36% 59% 75%
10
Maximum percentage of Maximum percentage of Maximum percentage of
Surface , , . . .
area (m?/g) # batch | mesalamine dissolved mesalamine dissolved mesalamine dissolved
after 10min after 20min after 30min
1.3<x<2.8 4 35% 59% 78%
0.1<x<1.3 18 77% 99% 105%

The following tables present the minimum specification based on the average value of
mesalamine dissolved in the specified surface area range and the maximum specification based
on the average value of mesalamine dissolved in the specified surface area range. The data

15  presented in the tables originated from the 33% and 42% suppositories.

Minimum percentage of Minimum percentage of Minimum percentage of
Surface N . N
area (mz/ ) # batch | mesalamine dissolved mesalamine dissolved mesalamine dissolved
& after 10min after 20min after 30min
1.3<x<2.8 4 19.1% 27.9% 32.5%
0.1<x<1.3 18 15.0% 41.4% 62.3%
Maximum percentage of Maximum percentage of Maximum percentage of
Surface N . N
area (mZ/ ) # batch | mesalamine dissolved mesalamine dissolved mesalamine dissolved
8 after 10min after 20min after 30min
1.3<x<2.8 4 40.3% 70.7% 94.8%
0.1<x<1.3 18 95.1% 111.5% 117.0%
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37100 5 0.40 47500 6 0.40 26910 7 0.36 37830 8 0.37 33735 10 The
correlation of density to viscosity is essentially rank-order and
denonst r avex0amsiesser se rel ati onship of the two paranet @ecs/ySeannedsas i on
coefficient = 0.8803). The tap density and viscosity data from
Exanples 3 and 4 (Tables 9-11) were conbined and are shown graphically in
Figure 3. The conbined data clearly show the strong correl ation

15(correl ation coefficient = 0.9343) between the tap density of nesal am ne
powder and its effect on the in-process viscosity of the drug-hard fat

di spersions. Exanple 5 1 g nesal am ne suppositories using Wtepsol (r)

11-15 or WTRD$MIds" dboké- &2 welasid FidkesNR)-18Sshéf 1HAE (RURIRQSIEOE YatBaste tHeer €
d in Exanple 1 at drug | f 33

prepared by the procedure described | np g loads o , 37,
42, anohegd@mindlih suppssengsowith ar drag loal eh32 dindt42% as incrdadinpywitke degdreasimy t he
nmesal am ne contajned in the suppository within 2 hours of dissolution as
meas ur S8fagp waFeaysbhos gasulls (ase gontzry totho generdssepstipenndssondng vt meats C, a

D e Ut gt TbaB PGty NS o el B bt B R RIS ° o

t he di gedisdblufith Rediil es of mesal am ne suppositories having drug | oads of
33, 37, and 42% prepared from nesal am ne having a tap density of 680 g/L
and 5Wtepsol (r) H 15. Figure 6 shows the dissolution profiles of
nmesal am ne suppositories having drug | oads of 33, 37, and 42% prepared from
mesal am ne from Supplier 2, G ade E’,ﬂﬂﬂlﬁi’ng a tap density of 730 g/L and

. | pplier ; ' O] ne.
Usean ¢ heSupgionty Sold R R e 41 IS BeeBinifiE ARADI AR Rl ¢
r eBpechrehs(rirgir fem4.399 16 218 ntﬂn@ antl SWREIsHIPas- 12 eRed tfﬁQ\IF)f'(a'Hai% Bad 8f be! ow.

Suppositories could not be nmade from Grades C and D fromsupplier 2. G ades
C and #2%pkwercdprspagedtly fthe prosedwe deicohedin Ekenpledakdivstad appropriately| fet theand

were f d.to be unsuitable for. the eparatiqn of a suspensi on hard fat
et eqUHbaet ai amRaeaa aMedlsorere RUCE B sadt whyld toaiiBreaesnsh 8 e Tap
Densi t%e%épa@d‘éﬂsp'eﬂ%.(% w w) Dispersion Viscosity (Cps)

The percentage of mesalamine released after 10, 20, and 30 minutes was measured for

15 each suppository. The results are shown in Figure 15.
All non-patent references, patents and patent applications cited and discussed in this

specification are incorporated herein by reference in their entirety and to the same extent as if

each was individually incorporated by reference.
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Supplier 1 0.68 33 694 37 1131 42 2512 Supplier 2, grade A 0.68 33 595
37 1084 42 2553 Supplier 2, grade B 0.73 33 515 37 845 42 1911
Suppl i er WO 2griades3€ 0. 58 33 Too Vi scous Supplier 2, graeeTds2010/060849

CLAIMS
We claim:

1. A mesalamine rectal suppository comprising from about 400 to about 1600 mg
mesalamine and one or more pharmaceutically acceptable excipients, wherein the mesalamine
has a tap density ranging from about 600 to about 800 g/L (as measured by USP <616>), the
drug load of the suppository ranges from 35% to 50%, and the suppository releases at least about
75% by weight of the mesalamine within 2 hours of dissolution as measured with USP
Apparatus #2 at 40° C, a paddle rotation speed of 125 rpm, and 3 sinker turns in 0.2 M phosphate
buffer at a pH of 7.5.

2. The mesalamine suppository of claim 1, wherein the amount of mesalamine ranges from

about 1450 to about 1550 mg.

3. The mesalamine suppository of claim 1, wherein at least one pharmaceutically acceptable

excipient has an ascending melting point ranging from 32 to 33.5° C.

4, The mesalamine suppository of claim 3, wherein the pharmaceutically acceptable

excipient having an ascending melting point ranging from 32 to 33.5° C is an oily or fatty base.

5. The mesalamine suppository of claim 1, wherein at least one pharmaceutically acceptable

excipient is an oily or fatty base having an ascending melting point from 33 to 35.5 ° C.

6. The mesalamine suppository of claim 4, the oily or fatty base is hard fat.

7. The mesalamine suppository of claim 5, the oily or fatty base is hard fat.

8. The mesalamine suppository of claim 1, wherein the drug load ranges from about 39 to

about 45%.

9. The mesalamine suppository of claim 8, wherein the drug load ranges from about 41 to
about 43%.
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0.91 33 Poor Dispersion Figure 7 shows the dissolution profiles of
nmesal am ne suppositories having a drug | oad of 42% prepared from nesal am ne
havi ng a wepodessissy of 680 g/L (supplied by Suppliers Pcarus2@)/06084930 g/ L
(Supplier 2, grade B) and Wtepsol(r) H15. WO

2011/ 084638PCT/ US2010/ 060849 Figure 8 shows the dissolution profiles
of nesal am ne suppositories having drug | oads of 33% and 42% prepared from
nmesal am ne having a tap density of 680 g/L fromsupplier 1 and Wtepsol (r)
11-12 (ascending nmelting point of 32 to 33.5 C) or Wtepsol (r) H15
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prepaerérmomFmalsam ne having a tap density of 680 g/L (Supplier 1) or
730 g/L (Supplier 2, grade B) and Wtepsol (r) H 12 or Wtepsol H 15.
10Fi gure 10 shows the dissol uti on pr of il es of nesal arri ne suppositories from

a larger scalembataindiay Bgﬂto gvhg ell_n t?xg‘;s‘g[&ol o gélgag egqieageﬂ)'ght

nmesal am ne havi ng a tap-densi
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accor di fr7§ the foll owi ng procedure. The hard fat (Wtepsol (r) H 12,
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automatic node with a tank tenperature of 75 C, a nelting tenperature of 60
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Bis s over a perio mnutes wth constant m xi ng at
230- 27@Hro|ﬁf7r15 The suspension is then 25 m xed for 55 to 65 m nutes (set
point of 60 m nutes) at 230-270 rpm After the mxing tine, the mxing

speed is adjusted to 168-180 rpm (set point of 175 rpn). Moul ds are
then fiiledy m&hﬁnog&ﬁb@hﬁbﬁﬂv@px%élt?s‘iﬂ a%aﬁ’ént‘iri‘ﬁeeé‘tﬁe?&ﬁ%bﬂ isi ?e moul ds
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stored for at 25 2 C and 60 5% relative humdity for 3 nonths.. The
suppositories were -26- WO 2011/ 084638PCT/ US2010/ 060849 found to be stable
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at 40 £daya paddl e rotation speed of 125 rpm and 3 sinker turns in 0.2 M
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cont ai ni ng 500 ng nesal am ne having various surface areas, at a drug | oad
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appropriate mxing speeds. The surface area of the nesal am ne ranged from
0. 395 4 dayatbe&im®/ g. The percentage of nesal am ne di ssolved at 30 m nutes
was neasured with USP Apparatus #2 at 37.3 C, a paddle 10 rotation speed of
100 rpm and 7 sinker turns in 0.2 M phosphate buffer at a pH of 7.5. The
resul t g5 ar ea sRQWAmi2 rEetatyuﬁ okikry BHBARNG OB abbie9VAb GBAL 2660 R Mesal ani ne
rel eased over tinme was al so nmeasured for each 15 suppository, where the
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after 10, 20, and 30 m nutes was al s& leasured for each suppository. The
results are shown in Figure 13. WD 2011/ 084638PCT/ US2010/ 060849

Supposi tories containing nesal am ne havi ng various surface areas and
Wtepsol (r) H12 (hard fat NF), at a drug |oad of 42% were prepared by the
procedure descri bed in Exarrpl e 1 The surface area of the rresal am ne used
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Surface area (n2/g) # batch M ni mum percentage of nesal am ne di ssol ved
after 10m n M ni nrum percentage of nesal am ne dissolved after 20m n M ni num
per cent ageoab1wmssa@sam ne di ssol ved after 30m n 1. 3<x<2. @CO/ubzxeheB49 18 26%
36% 40% 59% 52% 75% 10 Surface area (nR2/g) 44 batch Maxi num percent age of
mesal am ne di ssol ved after 10m n Maxi num per cent age of nesal am ne di ssol ved
after 20m n Maxi mum per cent age of nesal am ne di ssol ved after 30m n
1.3<x<2.8 0.1<x<1.3 4 18 35% 77%

17.  The mesalamine rectal suppository of claim 16, wherein at least one pharmaceutically

acceptable excipient is a fatty base.

18.  The mesalamine rectal suppository of claim 16, wherein the amount of mesalamine

ranges from about 1450 to about 1550 mg.

19.  The mesalamine rectal suppository of claim 16, wherein the amount of mesalamine is

about 1500 mg.

20. A mesalamine rectal suppository comprising from about 950 to about 1600 mg
mesalamine and one or more pharmaceutically acceptable excipients, wherein the drug load of
the suppository ranges from 35% to 46%, and the suppository releases at least about 75% by
weight of the mesalamine within 2 hours of dissolution as measured with USP Apparatus #2 at
40° C, a paddle rotation speed of 125 rpm, and 3 sinker turns in 0.2 M phosphate buffer at a pH
of 7.5.

21. A mesalamine rectal suppository comprising mesalamine particles and one or more
pharmaceutically acceptable excipients, wherein the mesalamine particles have a surface area of
from about 0.1 m%/g to about 2.8 m*/g, the drug load of the suppository ranges from 35% to 50%,
and the suppository releases at least about 85% by weight of the mesalamine within 1 hour of
dissolution as measured with USP Apparatus #2 at 40° C, a paddle rotation speed of 125 rpm,
and 3 sinker turns in 0.2 M phosphate buffer at a pH of 7.5.

22.  The mesalamine rectal suppository of claim 21, wherein the mesalamine particles have a

surface area of from about 0.1 m%/g to about 1.3 m*/g.

23.  The mesalamine rectal suppository of claim 21, wherein the suppository comprises about

500 mg mesalamine.
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59% 99% 78% 105% The follow ng tables present the m ninmum
specification based on the average val ue of nesal am ne dissolved in the
speci fi edwveunfizsessar ea range and the maxi num speci fi cat ipam/Usasiemce3a9 t he
aver age val ue of nesal am ne dissolved in the specified surface area range.
The data 15presented in the tables originated fromthe 33% and 42%
suppositories. Surface area (n2/g) # batch M ni num percentage of nesal am ne
di ssol ved after 10m n M ni mum percent age of mnesal am ne di ssol ved after
20m n M ni mum percent age of nesal am ne di ssolved after 30mn 1.3<x<2.8

0. 1<x<24.3 4THeBmdsalaffihelisctabsupPosiunyadf ci@m3, Hheréid. tBdsupBositoceonsprises holli g) #
bat ch Maxi mum per cent age of nesal am ne di ssolved after 10m n Maxi num

per cent BGESYAMHSsal ani ne di ssol ved after 20m n Maxi num per cent age of

mesal am ne di ssol ved

25.  The mesalamine rectal suppository of claim 21, wherein the suppository comprises about

1.5 g mesalamine.

26.  The mesalamine suppository of claim 21, wherein at least one pharmaceutically

acceptable excipient has an ascending melting point ranging from 32 to 33.5° C.

27.  The mesalamine suppository of claim 26, wherein the pharmaceutically acceptable

excipient having an ascending melting point ranging from 32 to 33.5° C is an oily or fatty base.

28.  The mesalamine suppository of claim 21, wherein at least one pharmaceutically
acceptable excipient is an oily or fatty base having an ascending melting point from 33 to 35.5 °
C.

29.  The mesalamine suppository of claim 27, the oily or fatty base is hard fat.
30.  The mesalamine suppository of claim 28, the oily or fatty base is hard fat.

31.  The mesalamine suppository of claim 21, wherein the drug load ranges from about 39 to
about 45%.

32.  The mesalamine suppository of claim 31, wherein the drug load ranges from about 41 to
about 43%.

33.  The mesalamine suppository of claim 21, wherein the suppository releases at least 90%
by weight of the mesalamine within 30 minutes of dissolution as measured with USP Apparatus
#2 at 40° C, a paddle rotation speed of 125 rpm, and 3 sinker turns in 0.2 M phosphate buffer at a
pH of 7.5.
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WO 2011/ 084638PCT/ US2010/ 060849 The tabl es above as well as Figures
12- 14 showot2hatostdse di ssol ution rate of the nmesal am ne POTAISPEOAGISAY i €S
with a drug |l oad of 33 and 42%is increasing with decreasing surface area.
These results are contrary to the general scientific understanding that
greater 5Ssurface area leads to a faster dissolution by increasing the
wetability and the surface contact with the dissolution nmedium Exanple 9
Suppositories containing between 746 and 1460 ng nesal am ne havi ng vari ous
surf acky, 10 Hicaassalafiidictdl Subpsitdr3STldim 2, m&eim&h@éugpmtotheﬁaml (r) H12
(hard fat NFg (a drug load of 39- 42% were prepared by the procedure
descri bed i(a) Exatsast 4,4% 0/ o€ theapgselaprinezafist Y0 fonutesrod disselghorsiazd and
appar at us used. ul re filled wth.each ul.d containing around 3.5 g
of the prepdled g&@ﬂ%ﬁé\%ﬁw/“’) ofthemesalawa&@pg@w%§ogfhs§&% m ne rel eased
after ] : i : e
Fesul 13 et 3 (AP RpRGS (XRSI0TE R Hike (Rlio 3580 BT EPRAT hOPINKCTT
and pafuaitin aRMiphasphatebutfet #d pihek 1b.scussed in this specification are
incorporated herein by reference in their entirety and to the sanme extent
as if each was individually incorporated by reference. WO

2011/ 638 j e ' d al
SuppoST T ory -t d HRaEARe e AR Sl ThpichL T BRI PARAIRL T one
or norginfihidterng thetmealahineeaeiFuppdsttosxsfichiimrit So thetpatigitn t he nesal ami ne has
a tap density ranging fromabout 600 to about 800 g/L (as neasured by USP
<616>), the drug |oad of the suppository ranges from35%to 50% and the

supposig ory l.£aSk: 0 i SRSRlL@i ne within
2 hourjsé'of %géssgﬁﬁs 5?1&2{5? @gl'é%?ggﬁ%ﬁgﬁ% B%E)Mﬁg%g&)g?%@g@d at 4 , a paddl e
r ot at i sharmaeaticadly atptableraxcipitats3 wherelnethe ngsdlaming paiticledhphassuifatecarteidff er at

a pHof 7.5. 2. The mesal amie su positorélgof claim1l1l, wherein the anmount
of mesiermbewt O lamgado ahoyk?- 8150 (8. ﬂmgng load abBhgtsupmsitorgangesfromBs "o ani ne
supposi t%% of c{ ai mél wherein at | east one pharnmaceutically acceptable
exci piaélrcllt ‘%Pé:’pgﬂ OREER 'Sng melting point ranging from32 to 33.5 C. 4. The
mesal ani ne GyPPaRWQRY 5996 SdPITN 3 (WA mbRBRRCARR G 6 Wikl 4y _acceptabl e
exci pi ent having an ascending nelting point ranging from32 to 33.5 Cis an
oi | y odisdohttioyy, base. 5. The nesal am ne suppository of claim1l, wherein at

| east one pharmaceutically acceptabl e excipient iis an oily or fatty base

havi ng an d®tendit Hgst2diA" by W &f the mesalemmane aftsr 26 minutes of dgssolyhien, g8 al ani ne

supposi tory of clai cof e, Qi .y or fatt i rg fat,... 7. The

mesal am ne @Eppﬁ?ﬁaﬁrﬁésjf E]‘ﬁé/lwﬁio %zm?sﬁ%%% %3%330 f@?@* Qggésg&lugorhar d fat. 8.
The NMeaah@hRg withAPSIS Appiatu®i2 &l 4P U, 4 paddI@fRitiontsp&dHTUaS k@ thnd 3nRgfker f r om
about 39 to about 45%  ~ 9. The nesal am ne suppository of claim8, wherein

t he drtumslin8d@ Mahgsphate boffercdiapH @f17.5.0

37.  The mesalamine rectal suppository of claim 36, wherein the surface area of the

mesalamine particles ranges from about 1.3 m%/g to about 2.8 m*/g.

38.  The mesalamine rectal suppository of claim 37, wherein the suppository releases

(a)  between 19.1% and 40.3% (w/w) of the mesalamine after 10 minutes of
dissolution,

(b)  between 27.9% and 70.7% (w/w) of the mesalamine after 20 minutes of
dissolution, and

(¢)  between 32.5% and 94.8% (w/w) of the mesalamine after 30 minutes of

dissolution,
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about 43% WO 2011/ 084638PCT/ US2010/ 060849 10. The nesal am ne suppository
of claim1, wherein the suppository rel eases at |east about 80% by wei ght
of the nmewealanmiosesssi t hin 2 hours of dissolution as neaseceadrsesiocissP
Apparatus #2 at 40 C, a paddle rotation speed of 125 rpm and 3 sinker
turns in 0.2 M phosphate buffer at a pHof 7.5. 11. The nesal am ne
suppository of claim1, wherein the suppository rel eases at |east about 80%
by wei ght of the mesalamne within 1 hour of dissolution as neasured with
USP Apparatus #2 at 40 C, a paddle rotation speed of 125 rpm and 3 sinker
turns agméhsdrelVviathdsSIMApparbiul #2at 400 G3 aphitiddé rofatfon spdsd of TRE rpme,saad drinker
suppository of claim1, wherein the suppository rel eases at |east 90% by
wei ght tuofs in 106 Mephasphaterbufiar attipH 607.7i nut es of di ssol ution as neasured with
USP Apparatus #2 at 40 C, a paddle rotation speed of 125 rpm and 3 sinker
turns in 0.2 M phosphate buffer at a pHof 7.5. 13. A nethod of treating
act i ve3qll ceAahdsvlampieqsétaltsuppdsitosy doaiptieing niesalaizd patietes ahd ceenqrmare ng

adm ni stering the nesal am ne rectal suppository of claim1l to the patient.
14. Thphamaceotically asteptablelaxcipignss, sihareimide mesalamine particles haye sWplBesiedel) i s
adm ni stered e,a day. 5.,,The t hod.of claim14 int

resal alPREOPUA SR e 2 8 i Arevarubig pun ool R Bolfiget 16 A
nmesal apy N N 0 0 ng
el ol B B e o B o er @i

t he negrkddhine within Bhéwrpf desdiution asamgsured with AiSPhappard@i2 ab 4ab0d pRlde g/ L
(as nmeasured by USP <616>), and the suppository rel eases at_ | east about 75%
by wei tHationfspeddent 138 smarAndd siikeniumnsdn RguYlphesphatedudieratiaphl ofs/ reasur ed wit h
USP Apparatus #2 at 40 C, a paddle rotation speed of 125 rpm and 3 sinker
turns in 0.2 M phosphate buffer at a pHof 7.5. WO

2011/ 0846 38PRhEIRRATiA¢ RoQABADpodiibry Thedainea whateirethe safak aappdsi t ory of
claim 16, wherein at |east one pharnpceutical |y ,acceptable excipient is a
fatty mesadaminggartities rapgesiremipheut 0dcmde WhoybL3t®i& of claim 16, wherein the
amount of nesal am ne ranges from about 1450 to about 1550 ng. 19. The
nmesal am ne rectal suppository of claim 16, wherein the anount of nesal am ne
i s abo4t. 150Kk mgsalanifle rebtaimgpbsitvrnef ciaat 3, wharefotht dougyloabefithé sippesitoryom
about 950 to about 1600 ng nesal am ne and one or nore pharnmaceutically
accept gees fsxm3preda8%. wherei n the drug | oad of the suppository ranges from
35%to 46% and the suppository rel eases at | east about 75% by wei ght of
the nesalanm ne within 2 hours of dissolution as neasured with USP Appar at us
#2 at 4D C, The mashiingine miced supposipey of ddiml 5 wherein the duiositark eomprigesgbauwt 0. 2 M
phosphate buffer at a pH of 7.5. 21. A nesalam ne rectal suppository

conpr i 8Yh@emeesalamificne particl es and one or nore pharmaceutical |y acceptabl e
exci pients, wherein the nesal am ne particles have a surface area of from
about 0.1 nR/g to about 2.8 n2/g, the drug | oad of the suppository ranges

f r om 359 t oThOffesatemaint reetad syppository ofjclaiel 3% sdwsreat the supposidiyy aompsss bhousei ght
of the nesalamne within 1 hour of dissolution as neasured with USP
Apparaﬂ&én%@haﬂmﬂo C, a paddle rotation speed of 125 rpm and 3 sinker
turns in 0.2 M phosphate buffer at a pHof 7.5. 22. The nesal am ne rectal
suppository of claim21l, wherein the nesal am ne particles have a surface

ar ea o#i4f r oFhaimesalandind rex® gupposituny of cldinB3hyRhgrein B8 suffivsitory sathpnses ebguict al
suppository of claim 21, wherein the suppository conprises about 500 ngy
mesal akidrgemesalgnipg 11/ 084638PCT/ US2010/ 060849 24. The nesal ani ne rectal
suppository of claim21l, wherein the suppository conprises about 1 g
mesal am ne. 25. The nesal am ne rectal suppository of claim2l, wherein the
suppos#b.or y Aanesphinssesreetbsuippdsitbrygcomgsiaingrfrane 1.1 t@8.5 gimesatamying partieles and
suppository of claim2l, wherein at [|east one pharmaceutically acceptable
exc! pi EFR OTEgTe HaTACEs Ry A5FEPED A SXHBIERE. YARGR Kby Pl pticlds Vel a 57

The ne 1 0S4 .2l 2 i . tiGal

2ccept SBrGe e b SRE LY L ol GaBTRA ) Fidp S RARGAEREHbERAY )
33.5 Ctd ghoan8au %/E (& méahicd bPaIBP <6188), of (i) bdth,adndThe\@ipBosdpOsicieasey apleast! ai m
21, wherein at Teast one pharnmaceutically acceptable excipient is an oily
or fat ahoud88% byaweighy oftheamesaladiimwithin tliheygr plodissolution as BRasueed3awtlsUSE, 29,
The nesal anm ne suppository of claim27, the oily or fatty base is hard fat.
30. The nesal am ne suppository of claim28, the oily or fatty base is hard
fat. 31. The mesal am ne suppository -3%- cl ai m 21, wherein the drug | oad
ranges from about 39 to about 45% 32. The nesal am ne suppository of claim
31, wherein the drug | oad ranges from about 41 to about 43% 33. The
nmesal am ne suppository of claim 21, wherein the suppository rel eases at

| east 90% by wei ght of the nesalamne within 30 mnutes of dissolution as
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(a) at least 41.4% (w w) of the nesalam ne after 20 m nutes of dissolution,
and (b) at least 62.3% (W w of the nesalam ne after 30 m nutes of

di ssol ut iwo,20assmsasured with USP Apparatus #2 at 40 C, paTpsdalbmcosas at i on
speed of 125 rpm and 3 sinker turns in 0.2 M phosphate buffer at a pH of
7.5. 35.A nmethod of treating active ulcerative proctitis in a patient in
need t hereof conprising adm nistering the nesal am ne rectal suppository of
claim?21l to the patient. 36.A nesal anmine rectal suppository conprising
nmesal am ne particles and one or nore pharmaceutically acceptable

exci pi apparatuyiBaedon O, headdls edtaivnripeqdeuftiDs ks, and Besirkes turrisain 6.2av hogphater om
1

about 0.1 nR/g to about 2.8 nR/g, the drug | oad of the suppository ranges
from 3buffarat 8pblofdidd t he suppository rel eases (a) between 15. 0% and
95.1% (W w) of the mesalam ne after 10 m nutes of dissol ution, (b) at

| east 27.9% (w w) of the nesalam ne after 20 m nutes of dissolution, and
(c) at4b.eash mRalaffidertotdl suppdsiteryrseamtising nesaimae pafictdsand ese @fmatessol uti on,
as nmeasured w th USP Ap?aratus #2 at 40 C, a paddle rotation speed of 125
rpm aplhr@aesutirally accapiablg excpientsvwhatsipihe mestunme paricles hays (pra sprigce ajsa The
mesal am.pe rectal. s osi t of claim 36..wherein th r of the
roaal ot famgidch SR REoul? bl SoBUEP S B R BrfH BOEEHPY . e
nesal apj ésfu?é b;#{?lﬂ% fii) Bb@l R Afug VARG RhOsUppBsiforpPRASEs RNy 25%| eases
(a) beg&gg%ﬁ% .1&) n 40§%g?%ﬁﬁd} of "the #Esalanin%rgf?ggplpgnynqtes of

di ssol ti §096,,and the supffdsjtotyatiorses aPléasd ¥baun 85% by #ightofjheafiesalaminessitiali ne
after 20 m nutes of dissolution

L ) i and (c)obetwec@qu.,S% ana 84&%
(w w) beurtof disselutioneasimeasured with 3P pparatys 1 at 403 Gop paddirotatign spred oF I &Y wi t h
USP ar at #2 at 40 C addl e .r gt ati d of 125 rpm and 3 sinker
tur n'sb\pﬁﬁn’@pg%ﬂ‘%ﬁ%%ﬁé? -21}@#‘8?&3}3 bgﬁtﬁwté%@]?&gﬁ?‘ 39. A rresgl am ne reilt al

suppository conprising nesalamne particles and one or nore
pharmaceutically accept abl e exci pi ents, erein the nmesal am ne.particles
have a4&ur f Abemasataming rectabmnpRsinry of @alﬁn‘}v%; whereRLibE SUBPOSIQH FYMBIRgS abqul
denSitéOQﬁp inﬁyfron1abiut 600 to about 800 g/L (as neasured by USP <616>),
and th ﬁ%Bg' 8H§g?%V“§@@% at | east about 85% by wei ght of the nesal am ne
within 1 hour of dissolution as nmeasured with USP Apparatus #2 at 40 C, a
paddl e rotation speed of 125 rpm and 3 sinker turns in 0.2 M phosphate
buffer at a pH of 7.5. 40. The nesal am ne rectal suppository of claim 39,
wherein the surface area of the nesal am ne particles ranges fromabout 0.1
n2/g to about 1.3 nk/g. 41. The nesal am ne rectal suppository of claim 39,
wherein the drug | oad of the suppository ranges from35%to 50% 42. The
nmesal am ne rectal suppository of claim 39, wherein the suppository

conpri ses about 500 ng nesal am ne. 43. The nesal am ne rectal suppository of
claim 39, wherein the suppository conprises about 1 g nesal am ne. 44. The
nmesal am ne rectal suppository of claim 39, wherein the suppository
conprises about 1.5 g nesalam ne. 45. A nesalam ne rectal suppository
conprising froml1l.1 to 2.5 g nesalam ne particles and one or nore
pharmaceutically acceptabl e excipients, wherein the nesal am ne particles
have (i) a surface area of fromabout 0.1 n2/g to about 2.8 n2/g, (ii) a
tap density ranging fromabout 600 to about 800 g/L (as neasured by USP
<616>), or (iii) both, and the suppository rel eases at |east about 85% by
wei ght of the nmesalam ne within 1 hour of dissolution as neasured w th USP
WO 2011/ 084638PCT/ US2010/ 060849 Apparatus #2 at 40 C, a paddle rotation
speed of 125 rpm and 3 sinker turns in 0.2 M phosphate buffer at a pH of
7.5. 46. A nesal am ne rectal suppository conprising nesalamne particles
and one or nore pharmaceutically acceptabl e excipients, wherein the
nmesal am ne particles have (i) a surface area of fromabout 0.1 nR/g to
about 2.8 n2/g, (ii) a tap density ranging from about 600 to about 800 g/L
(as neasured by USP <616>), or (iii) both, the drug |oad of the suppository
ranges from 25%to 50% and the suppository rel eases at |east about 85% by
wei ght of the nesalamine wthin 1 hour of dissolution as neasured with USP
Apparatus #2 at 40 C, a paddle rotation speed of 125 rpm and 3 sinker
turns in 0.2 M phosphate buffer at a pH of 7.5. 47. The nesal am ne rectal
suppository of claim46, wherein the suppository conprises about 400 to
about 800 ngy nesal am ne. 36



