Directly Conpressible H gh Functionality G anular Mcrocrvstalline
Cel | ul ose Based Exci pient, Manufacturing Process and Use Thereof Background
of Invention [0001] The nost commonly enpl oyed nmeans to deliver drug
substances is the tablet, typi.cally obtained through the conpression of
appropriately fornmul ated ex0|p|ent pomders Tablets should be free of
defects, have t hdiregtly Beparessibis Fuagtinality Seanuls grystabing & ;

cheni cal and physi cal attributes over tine
and during storage. Un2asedExs Mans i Procg: JseTihergefl or physi cal
stability can result in unacceptable changes in the bi oavailability of the
drug substance. In addition, tablets nmust be able to rel ease the drug

SUbStan%gd!Bwﬁoﬂﬁ@ﬂbﬁtable and reproduci bl e manner. The present invention

rel i pient for use in the nanufacture of pharmaceuti cal

Iy dosage rhorétPooRh) cipiolcd e Riceild) g QR EXEHALEN yoledly BRNRE bRAGOUS! Y

ined with at |east ‘on rug substanc erei na ter
phar mac et dofigssib\d BipRprily ftﬁ'rﬁtﬁ’dte)d ex@m: @JeEE FableRisRouldBPhedloPdetédts, mme%edl rect
conpr essi on manuf acturi ng net hod 02]I'n order to successfully form
t abl et s, stréngin totwithstamt mébgamchmﬁdaksearﬂuate thfa kiwichlaeiphysichlsRbmye haiteiephykipper into a
tabl et die, and be suitably conpressible. Since nost APlIs have poor
f | owabi |atiibytesover time egidarning stradel. UytesidB% shaagegin eifhpni chanlidalor physietistality benvesoltin ng
proportions of various excipients to inpart desired flow and
conpr es $ihastaplablg chanaspia the bieaa'ailabiliﬁvqfshpﬂrumsubq@neﬁ: tniaddition, dablets mpst besableldd release sheure i s
obtalned by bl endi ng an Wi th excipients such as diluents/fillers,
bi nder s /984 ﬁ‘@?ﬁ“??é@ a PBF'@?W?@@’PHPH”@NG rgmn%raﬁtegeﬁsrnb'wew%w@teéwg novetaxeiient forand

flavor eria ended, e.wet or th
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exci pi qumgdq'm&g @héé&l%::t%ﬂpt%s%rn;ahlﬁé&uﬁrfg wsfphe- Therefore, when devel oping

tablet fornulations to neet particular desired characteristics,
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expériments designed to determ ne whi exci pients are physically and

chem caltdblét deOiadé suddbfy cothprdisitile. SEIRS imbst APIE\Rive pddPRatiigy¥Rd ®inbrestibinty, APRIage Wor K,
the scientist deduces suitable conponents for use in one or nore trial
conposi typioalp mixed vt Gafind propotionsod virioLe egipiente b ingpd$ deaked ik and gontpedsditdlitypropertiesdr y

bl endi ng foll owed by direct conpression, and granul ation followed by direct
conpr es i typieal praptice, acgrpressiile roikture sobtaiadpy bedinpan At wbexipients bush ARliluenisfiiletsended
with the desired excipients such as diluent/filler binder, disintegrant,

gl i dant binggrépdeesivesr disintegipnte 9'!9?'&?4&9%@“‘13@3.@6% jaet fiavoss. (Thase Matarials gy k&MY ent i s
added and the resulting materjal is conpressed into tablets 005] The
direct OB 8%'3‘“]5'3?1‘"%% R Sepnylated QYH‘?"B’%W"B@% - QRS fFCoRiEls, Bl 'I%@%l fic API

properties he COﬁbInatlfnm h%the vari ous exci pi ents.

TherefoP@mﬁwgﬁwwgwﬁ®ﬁﬁ%?HFﬁﬁm EPﬁﬁﬁﬁWQWﬁf AP is typically enpl oyed
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peed. Tradi granu u ation, wet

granul atrjdyre, ﬁﬁlaq dé\Bl'bﬁﬁQ téblefiomidla@hd l?ﬂueet Eﬁ’&nlaﬂ!tasuﬁ@&%@ct 2ﬁia$m$?ﬁ§|call fthisRt | Ons

regarding the particles produced fromthe process. | 000 he dry

gr anul atybigdny mit JoRictGREEhsiteSerh oftkpelimd@tsidBRyns BN Which excfp@ﬁm:a pigbigmg whi ch
is roll conpacted. This process is limted as the particles are not held

t oget heandhenaualty cympiittk withs speyifid A8 | UpapaimpletioRRofthis vofkpasiehtidtdeficansaissieng al so
results in reduction of conpactibility of many excipients. [0007] Wt

gr anul atemppnents foeusp inonsas sorke hiakdhinpkitiexci pi ents are bound together in the
presence of a liquid binder in a blender system to produce a wet granul ar
bl end which is dried. Spray granulation is a process in which excipients
are bound together in a fluidized bed. These processes  are batch processes,
which [imts production speed, and can produce a vari abl e product.

[ 0008] These conventional processes arel utilized to produce particles with
i nproved powder flow characteristics




to produce tablets having inproved physical characteristics. However, these
processes are tine consum ng and may not be conpatible with many APIs.

[ 0009] Vari ous attenpts have been nade to produce inproved excipients. U S.
Patent No. 4,675,188 to Chu et al. discloses a granular directly

conpr essi bl e anhydr ous di cal ci um phosphat e exci pi ent which purports to have
00prti cl e siTwecovghtionatineshrds fanakingftabletsiaesriry bighding dallovesd ydiress sompressicalandt i ng.
According to the disclosure, dicalciumphosphate is dehydrated, and then

gr anul atdEauiaipn feflowediby pitgetcompraseion: dna fypicRldtECkRoBRressien W@eiﬂiﬁ%‘?‘ isélgndpd withdeanul ar
anhydr ous di cal ci um phosgohate, characterized in that at |east 90 percent of

h
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of cal ci um phosphate part to each "ot ormng large particles.
However empibYedin Sk Homéve datibracimutetietd aRd/Gtthprade Rt pRMB RN sR6E. | Tddfbal metddsidnat i t

| acks ot her necessary excipients, such as disintegrants, that are necessary
t o pr odyesuldonifatemegatibama) eygraiaim aad¥py fratulatdn. Bich efthesomaiodsiss tmilations
[0010] U. S. Patent No. 6, 746,693 discloses an aggl onerated mcrocrystalline
cel | ul osegatlihethebadicdes priduded fonsthé precess. di oxi de, purported to have i nproved
conpressibility. The disclosure states that silicon dioxide is a critical
B8vbonent t o Thedprampdationmehad sertsiste pliming i remppRets torfemp a blerswhich is frl sempagis
i'ncludes spray granul ation followed by wet !gr anul atj on, and does not

provi de THS U@Pﬁiﬂ'@!‘@e%fh?%li arg Rt gl er sheygly andeasilyghapag- FeAFampaciomi | abl e
excipient, Ludipress@ s disclosed in EP 0192173B1. Ludi presa i s conposed
of |act 8?86,55"1,9?!98{?3@?'?EFH@O%?P"'BW'HC?HE?"YE’&?F%e i s known to have better
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conpone pgelgﬁﬁ.tsgs;ém, r@produeg b kme%amqﬁsewhrcﬁ*is aRa; %gﬁfanﬁéﬁbﬂ’i?% Brofe P BkcipleRs

granul a spray dryi here 1's no di'scl"osure of a conpl ete uni versal
exci pi enfe bhyné lobtieRe a fiuie®@bed TThie proEYes/ it Butch PRIEHEES, Whith infts produBlRR Sjebd, fnd
particle norphol ogy to enable increased flowability, conmpactibility with
var i ous céNpretiuoe dardlie prodog@. degrees of | oadi ng. [0012] There exists therefore a
need in the pharmaceutical industry for a conplete and universal directly
{0008pr essi bl e Thesgrdonvention= pravessks dry utilized tophoduce padTiepwithrroprévixdhtowdss fiesi chérgetansticn ot
only filler but also a binder and a disintegrant. The desired excipient is
al so cotgrsdidgitabletzhaving improvadedhysisel gharagterisige) Slowexercthese srocesysaare fime consyfiapand sj ze,
and nor phol ogy to praovide optimal flowability and conpressibility. This

hi gh fuﬁ@”%‘?ﬁép'i‘ffayb'%‘%@i"ﬁi‘ye"ﬁfs' woul d sinplify tableting and may require one
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[ 0014] Anot ustrative aspec prese I'nvention I's an exci pi ent

conpr i sighgdrabats mZﬁa(@ﬁuiatg@nmbm%&ch@r%m%rp»eﬁacﬁé &drﬂaﬁemy%lfwmﬁawraﬁout 1%to

about 10% at | east oOne binder, and about 1% to about 1I5% at [east one
di si nt eg@kadiim phidpRreCiharaéiétRedanifiat Bi €890 béicehif B hrtilds SPkyritiag 4edicrasueaus sl urry
conprised of the mcrocrystalline cellulose, binder and disintegrant.
[ 0015] Yekanutanprbduetpurpdris todmprave: bweecommpritisedyfrecipitted anigdrantdicalcneptbspbate, whichds aret hod
of maki ng an exci pient. The net hod

fine, dense powder that must be agglomerated with a binder such as starch before it can be used in direct




conprises mxing a binder in water to forma viscous sol ution, honobgeni zi ng
m crocrystalline cellulose and a disintegrant into the viscous solution to
forma slurry; and spraying the slurry to formsubstantially honbgeneous
particles of excipient. [0016]Still another illustrative aspect of the
present invention is another nethod of making an excipient. The net hod
conpr i s esnpisg@dabielingg Thepucaskyigsiosndyr thismstentebnsists bisbalisganhydrougaiskim ppsphele it

vi scous solution; mxing mcrocrystalline cellul ose and cross-|inked

pol yvi nyﬂarpwuamtheawﬁer. Rumertedly resultipg & biading obesiciym pepsphels parisesiogadholhprioming gy i ng
the slurry to form substantially hompgeneous particles 0017] A further
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i nvent i QIBXICIBSPU%&EET(J}IQ{% irrovBEPLo eSS iR e H?c%@lh‘é L4&lhat ﬂi@én@foxrdér §'§crm€'a§ hod

conpri ses mxing at ast one active pharnmaceutical 1ngredient and an
exci pi epdmpeidfk teRPBYRrfrd38bily) €The Rdldlep prod@ssdesthitied Rcllides $pRiy Gladuldieibiowed by ke
exci pi ent conprises substantially honbgeneous particles including

m cr oay giamliationNghd ek hat brovide a cavhpldteamivérsapexeipiit nder , and at | east one
disintegrant. Brief Description of Drawings [0019]Figure 1 is an

[obi1pst r at i onA cimnBENlyravaiabtegxaeigint Ltdfpress@eis 'disqpm\helif BV B emdipms@timmmseis ent
I nvention produced according to Exanp Ef-\ﬁé’ OJFigure 2 is

i |1 ust r atldclyse, erpspSidaening mgp@ph@toaer is lsrh@n B h"ﬂ? do@@wwawwmfstaﬂlwew@sent
i nvention produced according to npl e 2. 00214

ure 3 1S
i || ust rawwnhe@nﬂvséﬂrswwﬁgmaaw W?fph?ﬁ%rléﬁ‘?sﬁ RAROYiIgon agf%?‘?’a‘?'%é?"mlf%@ﬁ] Fi gure
4 is an illus thr{(]of SEM nmi ¢

exci pi e gt mopy gr q}ki jlwatef%lglgﬁg? grﬁaﬁorgraplgat@rpygﬁ}f?b{np atrh%er,avadlsgwe ofa
06 04] 1P it eveRel SRRl Bbd sty B ROl Bieeh it aspeERaREE RGRbar o

manuf ac t thod according to
Exanpl GE%EIQES%??@ 9 CBWMQMW Fdagﬁ%%{?gaﬁﬁ%? Q%éeglbﬂédv%ggﬁl ty index
pgyFpari son theQQXI%ﬁérﬂér@Qﬁeeﬁﬁ% pR¢mACOIBYERdUsBI@ a cohplE and universal directly

compressible high functionality granular excipient that consists of not only filler but also a binder and a disintegrant.
The desired excipient is also compatible with a wide range of APIs, and has a particle shape, size, and morphology
fo provide optimal flowability and compressibifity. This high functionality excipient would simplify tableting and may

require one step mixing of the APl and lubricant before direct compression.

Summary of invention

[0013] An illustrative aspect of the present invention is a composition comprising substantially homogeneous
particles including about 75% to about 98% microcrystalline cellulose, about 1% to about 10% at least one binder,
and about 1% to about 15% at least one disintegrant.

[o0i4] Another illustrative aspect of the present invention is an excipient comprising about 75% to about 98%

microcrystalline cellulose, about 1% to about 10% at least one binder, and about 1% to about 15% at least one



shear wet granul ation according to exanple 4 and the inproved exci pient of
the present invention produced according to Exanples 1,2 and 3.

[0026] Figure 8 is an illustration of SEM m crographs of mnultiple sanplings
of the inproved excipient of the present invention produced according to
Exanple 3. Detail ed Description [0027] There is provided an inproved

exci pi edisintegsanp whesdinihe excipient ia formied by spralitgrangesseus smyramprises obie witroctystalirepr essi bl e,
hi gh functionality granular mcrocrystalline cellul ose based excipient. The
i mpr ov e 8elB9EE bpE gk dinisoeles enhanced fl owabi | ity/ good flow properties,

xcel | ent/ hi C ctibility, and increased AP| .| oadi ng and bl endapiflty
@gﬁiorrpar ed ?%aﬁ@nﬁ'ﬁ'ﬂ&f'viaa%w'maﬁaww ’séﬁlﬁth%d@@?f‘ﬁa"f‘g’ﬂ'p?%' ﬁ\?@?f{)i onal
excipients . forned f.romthe sanme materials. [00281The inproved exci pi ent has
Strong FoPreeR AT 2 pidelih el 1o A o bEn mrenane el e 88 Ui ng i 1 a
uni que St ' i 045 1 t  OF

ol ow Seragintiple FRE@AOLARE I iy A8ty Alhe AT ARARLPEIIGIUERRRD | 1o
is the Lgeatowenonnent for inproved blending with an APlI. Excellent

bl endabinty is an essential characteristic of an excipient as it allows
foads) et s t o bestilRAdHRLREEAtC2BIect@DRS pdstnt Mvaribh s@hdier MR BE making &dtRcipil. .The
Additionally, this inproved excipient includes the necessary excipients,
except Methodichraprisgstdissoivin hyldtslypropyiundthyiceliniade irewater todau ia Miesdud solutonondirge  a
pharmaceutically acceptable tablet. 10029] The inproved excipient is

engi neemistcrystalineceliuigsmand crodsdinkei palyvinyiurolidops infothe visgoug salgtiop todermiasiary; spesying

directly conpressible, conplete, and universal excipient for making

phar nacg‘ﬁﬁ’l"ﬂé‘l'f‘)mbs@fﬂ@l.lyW@e@@éﬁpﬂﬁl@ﬁt is considered conplete since it
includes a diluent, a binder and a disintegrant, and universal since it is
Batbri si ngl yA3’8’:‘?;5‘él‘{sF‘t‘S'Yeeaslaﬁ%qfl‘h&P’%SSFti"\é{?W"d?aPgiF‘Tné‘%e”*'FﬂéabEkfﬁ‘ﬁEfﬁ'éQﬁ‘?aséﬂE physi cal
characteristics of the inmproved excipient were careful chosen

opt | m o eiveierbietliod e Hopg P 5Py Slies e esroORBRs PGB 301 The
uni versal,it ' o] the traditional tinme
consuniﬁghg Bﬁ%ﬁ ﬁﬂﬁ%&%%%gﬁﬁ%%V%%ﬁﬁégéﬁ%ﬁ%%ﬁ?gﬁﬁgﬁéﬁ% the scienti st
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provi des a substantially honbgeneous, strong spherical particle having high
I ncr eas eBulhg mixirettdformizaibliep Iay exdiient hapabed substamblly homggedsuds pertigles isatuaipgct | bi lity.
The inproved excipient typically has an aerated bul k density of about

0. 1- 0. 4 migfocrystalip®@Bloké Jalirasioesisreler, and etriemtypsd ddiitegrast. cel | ul ose (MCC) has a

needl e-|i ke shape when viewed under SEM (as illustrated in Figure 3). The
particle norphol ogy of the inproved excipient disclosed hereinis

unexpect edly unique as a substantially honbgeneous spherical structure with
hol es or pores and hollow portions in the particles that can i nprove AP

| badi ng capacity. As is illustrated in Figures 1 and 2, the term
substantially honbgeneous is neant herein to denote a structure in which

t he individual conponents cannot be distingui shed under SEM scan. This
contrasts with traditional excipients such as Prosolv@(as illustrated in
Figure 4) and Ludipress@(as illustrated in Figure 5). These conventionally
produced exci pients do not produce the substantially honbgeneous particle
nor phol ogy of the inproved excipient, but instead are conposed of easily

di stingui shed, aggl onmerated particles bonded together with either fiber
like filanments. The granules fornmed in the traditional and other disclosed
processes are seen as a sinple bonding of particles into irregularly shaped
granul es produced by aggl omeration of distinct particles. It is common for
t hese aggl onerated particles to separate into the distinct conponents
during transport or rough handling. The conti nuous spherical particles of
the i nproved excipient, while including hollow portions, are unexpectedly
robust and are not friable during handling and processing. [0032]In the
present invention, MCC is processed irf conbination with a polymeric binder
and a cross-|inked hygroscopic polyner to produce spherical particles
havi ng high porosity and strong intraparticle binding. The polyneric binder
is selected fromthe class of cellulosic polyners or organic synthetic

pol yners having thermal stability at about 80 C to about 120 C, dynamc
viscosity in the range of about 2 nPa to about 50 nPa for a water solution
of about 0.5%to about 5% w/vol, water solubility in the range of about
0.5%to about 5% wt/vol and providing a surface tension in the range of
about 40 dynes/cmto about 65 dynes/cm for about 0.5%to about 5% wt/vol
wat er solution. Preferred binders fromthis class include hydroxypropyl



[ 0033] The i nproved exci pient has excellent flowability. In general, when
particle flow is poor, additional glidants such as silicon dioxide are
added to inprove flow. If the powder flowis not sufficient, poor tablet
productivity will result. Characterization of the inproved excipient
particles by the Can nethod, well know in the art, showed a flowability

i ndex t Hesef Desedptiencp Dig@ingswhere a fl owability i ndex over 70 indicates good
flowability. As is seen in Exanple 6, a Hosokawa powder tester, a test
19948 r ument ~ t Figtre fis g iisteation b SN micresraphs efithe nfreaved eycinipst gh e prespatinveitioniadundt ed
tests usin@_tE% Ca[r met hod was used to determ ne that the inproved
exci pi eRfeUMILEIMEL 1 has a flowability index of 82. Fig. 7 illustrates a
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inventigammgggﬁﬁg ol llustrated in Exanple 5, the granules of the material
produced according to the invention are stronger than those of a similar

[ﬁéigr i-al  progdygests Bymaudisarsdm Hﬁﬁ%r%dﬂé SthichB§Miin¥\&jluigé. anul ation process.
0035] As illustrated in Exanples and 15, the i1nproved excipient of the

poegent i NVeRi@fis B NG SEM RRbFRhSofa admnikcRilyvaiekly &eipient PRIBVEEGI ON when
directly mxed with as | ow as about 5% APl or as high as about 50% API

[o23 i ndi cat Eigureihis wreiliusteationsob SEM midibgraphs ¢ i donnseeiathf aviilbite axeipient, Laspress@duced
according to this invention. [0036] The process disclosed herein is a novel
{08240 of t he FBipuredyis e ilustrationgpf SErMinisrpgraphs ¢f emexeigient mariytactvred by conventers! high sieerst s - of

t he honogeni zation of all three conponents of the excipient in the presence
of wat emetgmnqtionmethod acsprgipg ty Exampee conponents. The honpgeni zati on process
is carried out to bring the two insoluble copponents, MCC and a .

&l nt egr ant M9y ig ghilusiEgiongf 3 Spwahiibrindgx aqepanson 4 p StHRENMRd hyseeniinelighat i on
with a viscous binder solutio faor exa e .hydroxypropyl nethyl cell ul ose.
The. evaBPal SR sispns & pain ot e AV SHPRGH PENBEPVEIEBISt50 C o
nore an I of HPMC hol ding all conponents together produces
particlgméﬁﬁ$$g%@%ﬁgﬁgh§%é and nor phol ogy. [0037]1n contrast, a traditional

ngs?y dryi nggigRd di0sh iﬁ{rﬁﬁﬁon(b?mrﬁi%ﬁHﬂ%fﬂthi[ﬂHﬁmBﬁgstome i%%&é%ﬁipfé%ﬁﬁ’@em S.
IllTustrates t t

anple 4, Figure 6 € conposition conponents of e present
i nvent i RscAfiNeRHiGSReluddY adchiing t6 Biple@nal wet granul ation nethod. The materi al
produced fromthe conventional high shear wet granul ation process consi sted
of needle like friable particles that did not performas well as the
product formed by the present nmethod, as illustrated in Exanples 1 and 3.
Conpr es Dethiled Dascrigtinor eased, resulting in a 1.8 tinmes decrease in the hardness
of the placebo tablets pressed fromthe conventionally produced material as
W8bar ed t o Thee is Rigyides andmpsyedaxeipiencomprisig supandally homogenequg patfsleacf2. The
particle norphology is conposed of irre ulaéﬁgerticles bonded t oget her by

si npl e FIRPEsEhieabigh Tiypetiopgity grgaudar migeoonksialline cefluloss bsdexdipient dbippvsd exBiiBonent s of
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wat er sgbuhl.tappggonent. The resulting slurry is granulated to a desired
particle size, typically greater than about 50 pm preferably about 50 pm
fodzspbout  2507rgiRprodetbxéidnenab StRhGhFRADtIeBBRAAE bridGiBhiveen AR bthpordald, diind IPH39] The

excl pient is fornmed by processing, or honbgenizing, MCCwth the polyneric
bi nder grifle strugtiirfl Hdmhdldgiséeheling SigHiflR st 61ieh Struft@rés\oiRdliowidofds IThe pres@ide of thade Poles
illustrative enbodinent, the excipient is fornmed fromabout 75%to about
98% MCCprovides &surfime roaghiness thai it the iadzbenvirod®bnt for imfyovad bidroRg Withrad API. Bxedllestbout 1%t o
about 15% disintegrant. In a preferred enbodi nent, the excipient is fornmed
f r om abberdat@iyisanessabiashar@@astivaTan exsipient as ibaliswsdablels date pRYycEH thal eentainanidifoibout 3%
to about 12% disintegrant. In a nore preferred enbodi nent, the excipient is
fornmed from about 85%to about 93% about 2% to about 5% bi nder and about
10% di si ntegrant. [0040]It has furtherS been determnined that varying the
ratio of MCC and disintegrant to the binder affects the density of the
final excipient. In an illustrative exanple, utilizing HPMC as the bi nder
5.5% HPMC yi el ds an excipient with an aerated bul k density of 0.2 g/cc, see
Exampl e 2, wherein 2% HPMC yi el ds an excipient with an aerated bul k density
of 0.3 g/cc, see Exanple 1. The increase in bulk density indicates a | ower
porosity.



[ 0041] The use of the inproved excipient will reduce fornul ation devel opnent
to a series of blending steps: blending of an APl with the inproved

exci pient (which contains the essential conponents of tablet formnulation,

di luent, binder and disintegrant) and optionally a lubricant. Suitable APIs
are limted only in that they are conpatible with MCC and the ot her

exci pi ermmounbafihe ABIN tAdditiotp thislirepaeibdwycipinbioaiudes t rietesssey exaifiantsaeueeptiss the erliangl ng
high quality tablets by direct conpression. &%042]Therefore, t he

conposi tubsantdhatarp readreds pradyced epdageutivally geenebledablel n pr oduce an i nproved
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i
and crospdvi done a he excl pl ent ~was produce

hormgeniyaiy jafdl Gt REIRYThEEanpSHeS s Bhysiedl cHafaQERRS of tERorGBPAERé Rerd Rl OF  t he
production of the excipient was a Co-current atom zer disc type wth the

di sc RPMdR&ianesiniZed @ s ueiPfhuritg aWldgrahgelorArid, enper at ures of 180-250 C.
Powder ed MCC was converted into slurry in a m xing chanber with deioni zed
wa3opr to gi vEheamieasaitestthiskdiptent oodrearids tBelfdedrthettatitional timermosueiny spprobtfANC and
crospovi done were al so converted to a slurry with deionized water in a
separ at dormulationrigvelohmenb wherairnt thesBiedsttdevelapsaomugiennblend vf veiouséxcigients39bptimipaflowability
HPMC/ cr ospovi done mi xture was then transferred into the chanber containing
t he MCCasd compressibififyiforios-radjeutar AR dlIt wastupexpecigdly disspveredihalihgdiscleped compesiiorand or 2
hours using circul ating shear pu and an agitator to keep. sol|d suspended

in the &©FASE S BAKRIheirqYRexcipient Bipvides3 ybsiaptiallytipmogensars §irong SehefiFal Paficle he¥R8n spray
dri ed through t | t ot f f 33 Hz.i th
of ' o BP9 P B S B o Rl R,

granul e f or i The. fl0es were renoved in a cyclone and the final
pr oduct a"mgeég*%tglg?ﬁr’%gc%ggb%ug&gﬁl ’&L‘t he new i nproved exci pient. SEM m crographs

he exci pj - i i : LSe noted,
B S i cr S oe e JHaie B3 (5 e ool Fonk e v

(envi r onpgabdh FigiRAI) NTHe garftle@idiphOhy 01 the iR &RPEKipient BibdoddliRerRin i inexpieelly éigge 3, SE
detector. The sanples were sputtered with Iridium before SEM anal ysi s

( sput t e ngubdtantiafy KbbhogeRsoud sphéiioal Sfudtive withhales & perbstant hdiiyw poetiemsan ibspahiivibskthatlensi t y
and tapped bul k density of the granular nmaterial were neasured using a
Powder ThesvekPl pkiigokmtip Ad icilusintaddr figureal ardid) thedbroalbsimtialiy, homogetaepals eantvhi ch
uses the Hosokawa Powder Tester software was used to control the Hosokawa
Powder Tereit o dengigaistigtue inevhiep the indigduetsompopenisgenneihe diglingrished-ugdes SEscan.y J&is and
data processing. For neasuring the aerated hul k densi tXE and tapg?ed_bul Kk

densi t y cftrasts wita tradiional sxcipieats such peierosohy@ s dyslipien Eowed) g tydivesshies lysiredibasur i ng
the t ed k d it 80. and the t i t 18 D50

val ue. i S DR et e RS oo e bR S teoPadd , o

di stribution" t . Air_Jet Sievi

Syot ey "REebax TR FoRERiniont B e orplofed ol B hAUMEL Lol BAELGANRL 1 O

gr anul arbongaittgggheg)ith él?jp]e?ﬁ‘&er RE sk, ﬁie%#éﬁlﬁes(f%% MRS tdiindindBfndisch&d mesh and

60 nmesh) was “us e sleving tine tor each sieve was 60 sec, while the

vacuum E@S‘e%ék‘ér@ sefRas d%pl"étbﬁﬁcﬁ('hﬁ gg)ﬁﬁiclés%ﬁ&iﬂeghlﬁﬂy skipEH graiISs SratiiRl 8y SyidiRerdi@of 5.

100461The "l oss on dryi ng" val ue was determ ned using a Mettler
Tol edo  bigthétpsrisbs. OF iy @nmbirfbthesd Bijlomerbted RARTEIEY ta bdphrete WRSheldidncZompulertisdarirgnal ysi s
was st opped when constant wei ght was reached. [0047] Table 1 [0048] Powder
Char act e#nsgmitioasiga hardling. . ThEcomtinues SpHaiidal payidds oflibe iBpDiEd BPieotnwiBe inchaingibatiav bul k
density0.29 g/cc

portions, are unexpectedly robust and are not friable during handling and processing.



4. Tapped bul k density0 35 g/cc 5. LOD3.0% [ 0049] Exanpl e 2: Preparation of
m crocrystalline cellulose- 5.5% hydroxypropyl nethylcellul ose -

crospovi done exci pi ent according to the present invention. [0050]The

exci pient consists of mcrocrystalline cellulose at 85.5% hydroxypropyl

met hyl cel lul ose at 5.5% and crospovidone at 9% The excipi ent was
##98uced by dn thepresend imesgtioni MGR is pronessed ingomdlingtiomyjthgipelymericiinderanpa eressdnked The
apparatus used for the production of the excipient is a Co-current atom zer
di sc typwaregearis peleer ipsducesmherisel paticlen havippligh-rorosipend sterag infrapartigletinding. t Baper at ur es

of 180 - 250 C. After granulation a cyclone separation device was used to

renpve tRYEMSTC pipderis Padheglees %&f}”'@lﬁﬁ?}ﬂe?@@@ ‘FS’"EQ‘”@ PRIYTel hadngymee; ﬁnl zed
5.1

Conpone i prenein S BASEh e baRGutasty ﬁﬁ%?at"é??@a%ﬁy? afapd Rl o

conver t agjonlGndy Elh by ol SBINRAR WL Blce oy EBRRALEsA Kby Chanber

to a concentratl on Crosp ne m Xture was t

transf erp?o@ﬁn%(ﬁuﬁacfe{%ﬁsloﬁ i e?@ﬂ&uﬁdo’a dagler @%boh{fé@dﬁwn{f&awo éwmgda{wed into

a uniformm¥ture at 40-6 2 hours using circulating shear punp and a

agi t at orythdPwa SRutis® | Prefbred iReS A& nib Blask h@uc@@*} ypRpy! hemy‘lc@nunswmdfowe islurry The
slurry mxture was then spray dried through a rotary nozzle at the notor

f r equencyiuese, Woodpbpy! defulotd) Sodpmearborgneetgiicelitiode, st polyiny] alcohclpblyetityleteagiypabgralt ur e of
106- 109 C. This constitutes the granule formation step. The fines were

r enoved comlymer@pdiingipgrokdond-vinyl ecefatarapolymero Bresentiynpesredis hydoxypupyl mdhylcalugs.er e 2.

[ 0051] The powder characteristics were determ ned as described in exanple 1.
[ 0052] TAHINC).2 TheposSljnkedwbescopi aehanst disintegraptdspiadarably crospoGioRp(CBYIR) Asiis seenin 9. 7%
2.050104 um 3. Aerated bul k density0.20 cc/g 4. Tapped bul k densHQ/O 25
cc/ g 5. FigeEn! WG [“MS’A?SSE’:RHW% arg ap@mﬁﬁfﬂvﬁ@“@mtﬁﬁws'@a Rlsplisres wili porou

21 r g rSnF:) (r)z IS talg’clwé legfng §%t u O%tlglygpllﬁw gcﬂ%on%gr gqyf%lg{] 3@%9%”%&&%@ uc(?eldlbifJ lhe ac(?l.!afit 2% and
homogen ' p O;ﬁlc%ﬁ t{ rfqguf t@ey sé 'édH'g @ b%Qoﬁleg%suﬂct Pé?tlrcfgf Eh%ﬁ bIO\J;lho%t o?ﬁ? @o(r%ﬁ% ;I‘Ee EFH\%,%& ﬁfldo r the

producti  Was om zer t he

di sc RP\,R& é(r‘foﬁ@res"uﬁﬂ vedZAWBQi: afh deNGptilt! €t tenmperatures of 180- 250 C.
After granu atl on a 2’&"1 one sep ration ng ce was used to renove the fines.
;(/C%} E’C\ﬁ?gﬁt | 9Kk iRfrovelEkcipitifds leRtelcREWABIIR Nh gdh8El Wiien Pdrticl NEOBNARF, kddMehaPhuvder ed

such as silicon dioxide are added to improve flow. If the powder flow is not sufficient, poor tablet productivity will

result. Characterization of the improved excipient particles by the Carr method, well know in the art, showed a

flowability index that exceeds 80, where a flowability index over 70 indicates good flowability. As is seenin

Example 6, a Hosokawa powder tester, a test instrument that measures powder characteristics using a set of

automated tests using the Car method was used to determine that the improved excipient of Example 1 has a

flowability index of 82. Fig. 7 illustrates a comparison of flowability index for a conventionally prepared excipient

according to Example 4 with the improved excipient of the present invention.

[0034] As illustrated in Example 5, the granules of the materiat produced according to the invention are stronger

than those of a similar material produced by a traditional high shear wet granulation process.



consists of rod like particles) into a slurry using deionized water in a

m xi ng chanber to a concentration of 23.34% The other conponents HPMC and
crospovi done were first dry m xed and al so converted to a slurry with

dei oni zed water in a separate m xi ng chanber to a concentration of 10.1%
The HPMC/ crospovi done mi xture was then transferred into the chanber

10838 ai ni ng t Aelliyptrateddy Exammlesd  andHB s drenmvedeicipient of the Prasentinyeripmireduced ecceptable0- 60 C
for 2 ho%@s u ing?a circulating shear punp andoa agitator to kgeE solid
suspend RPRS PHEEL Bamprestin when drestirmithd witAs AW aboptp% APher aghighas goomi St dFle iRis t hen

TP pr ol Bl B ko e P el 0 FRIBR 100 C. Thi's
titut f ti J ' |
RET e 1 mal™ ot e A G e R B ol B bl Y o

uct was cCoO

sever al cééiéipé:fitﬂaﬂ&ndgﬁniéghoh W [h?e'e%i'npbﬁégtg bidhele i%"‘ h 99@%@#2“’%@?8%%%’ e 3

characteristics were determned as described in e

[ 0058] P@Mﬁb&bmﬁ@hﬁﬁ@ﬁﬁeﬂfch«?{ehiﬁaﬁéﬁ%’r&&s i carfieBIRASETiRG the twb indoiBle Bonforénts M@ Ada UM 3.
Aer ated bul k density0. 27 g/cc 4. Tapped bul k density0.34 g/cc 5. LOD5. 7%
[ 0059] peiteddnE-naontdcowitd eachibtpdr ada e inddke dstoditivh @ith oMot bildetsoREvh Vg eddmpk ne

Cel l ul ose (89% - HPMC (2% - Cr ospovi done (9% [0061]133.59 mcrocrystalline
cel | ul osglrox®rodyl gethjjadiulpsey [Thagygrorafieitofwydter etlalhigh ctemt bighdendpdraireg)ofd 2 Cpomirelande  was
placed in a 1 L stainless steel bowl. The bowl was attached to a GW 01
vect or e loeabadtiongih HigYiekotdingrllcompageriartegethergrodycesnaticle wianipisishape eng)morpivkay.dr y
mxture was mxed for 2 mnutes at 870 rpminpeller speed and 1000 rpm
OFbper speeld conyrast.§ traditioppbsriy ideyiagmetipd des comppsitions ghene @r twe saible somparentsdded t o

e i)
t 1500. T t ' ti Q
e oRR R TPV L B T,

additio @onsig%‘ J&ﬁé‘éﬁlﬁﬁce file Lﬁﬂ{t@%"ﬁ‘lﬁ&:& A perbiiGs Whltas PIE ?ﬂ&“cﬁﬁnn%ﬂ{e 'R%Lenlt’\@egh.ogr ied in

a tray at eres granular material (noisture conten 5% was

SCr eeneds i3 HExampki 1 3RBN COMGYSiblity HeGebddCieslnR in b 18 s B a8d in (HB hfdnkalof t hat
passed through 30 mesh screen was 116. /39 (79.3% referenced to dry starting

mat er i akns pliadedb tebilegs fadssed dterh the con@ticTally prodicddl. male4) 82doménd tBe improfdd agtoidifgto
friability test for the Exanple 1 excipient and the material obtained by
hi gh she&smplettsegbamplé atthepartas mopholdgxia mppased of irregular particles bonded together by simple

intergranular bridges, as seen in Figure 6.

[c038) The components of the improved excipient are processed by an improved wet homogenization/spray dry
granulation method. In this process, a slurry is formed of two water insoluble components {typically with a large
difference in composition between the two water insoluble components) and a third water soluble component. The
resulting slurry is granulated to a desired particle size, typically greater than about 50 pm, preferably about 50 pm
to about 250 um, and more preferably about 90pm te about 150 gm.

[0039] The excipient is formed by proéessing, or homogenizing, MCC with the polymeric binder and a cross-
linked hygroscopic polymer disintegrant. In an illustrative embodiment, the excipient is formed from about 75% to
about 98% MCC, in combination with about 1% to about 10% binder and about 1% to about 15% disintegrant. Ina

preferred embodiment, the excipient is formed from about 80% to about 90% MCC, about 2% to about 8% binder



[ 0063] 75- 100 g of granular material were |oaded in a 4 L V-Bl ender and
tunbled for 2 h. The granular material was collected and anal yzed. An Air
Jet Sieving instrument (Hosokawa M cron Systen) was used to determ ne the
particle size distribution of the granular material before and after
tunbling. A set of four sieves (270 nmesh, 200 nesh, 100 nmesh and 60 nesh)
was usednd appib3d’% loahduhig%tdisiniegrandr In @ motk preferadembedisedthesaxcipienivs fomeed frome abpl@bfam
pressure was rJai ntained at 12-14 in. H20. The sanple size was 5g.

[ 0064] THRAPYA B%, BhgetS7o tasbayd % bindepandiabest W% digintediantii anet er | ess than 50 ni crons
bef ore tunbl | % Particles with di aneter | ess than 50 m crons after

OB g Exalh s e been sepripertfont wrvna B i o MSE apiiiegd g bratee 6 of
Powder a istics for.EXx | e nd I I, P .and the

ot er | af g RahT BipeR i iR p, Mg E R Fe BBl BE ' C067) The
powder 1St I Lk 5% . | a
Pondor PRBeR TSN Shncly Vo SUGNE BlarbBl B 2 WEHE REREBENAT DR B e,
tester deaitik By of YRR sbd EdmBE 1. MY inglst Byl RnRFAACAS A RReribrbdly.t he proven
met hod of R L. CIIgmA cor?pu%?}awhi chmuses tﬁlﬁe rIllg(’ﬁgokaawa Po'\e/{nl\?gr ester

P41} War e WasTHeesbf iheinpeiddeipichtiii rédRSeAdAulRioRRVaRment B%isBries Blblehdi slefte

nmeasur enent operation, enabling sinple use and data processing.
blending of an API with the improved excipient (which contains the essential components of tablet formulation,
diluent, binder and disintegrant) and optionally a lubricant. Suitable APis are limited only in that they are
compatible with MCC and the other excipient components. The blending process will be followed by pressing high
quality tablets by direct compression.

[0042] Therefore, the composition and processing steps disclosed herein produce an improved excipient
exhibiting novel final particle morphology and unexpectedly improved compressibility.

[0643] Example 1: Preparation of microcrystalline cefiulose- 2% hydroxypropyl methylceliulose ~ crospovidone
excipient according to the present invention.

[0044] The improved excipient consists of microcrystaliine cellulose at 85%, hydroxypropyl methyl cellulose at
2%, and crospovidone at 13%. The excipient was produced by a wef hontogenization/spray dry granulation
process. The apparatus used for the production of the excipient was a Co-current atomizer disc type with the disc
RPM between 12000 and 25000 and the inlet temperatures of 180-250 °C. Powdered MCC was converted into
slurry in a mixing chamber with deionized water to give a concentration of 23.34%. The other components, HPMC
and crospovidone were also converted to a slurry with deionized water in a separate mixing chamber at 60 °Cto a
concentration of 5.93%. The HPMClcrospovidone mixture was then transferred into the chamber containing the
MCC slurry and homogenized into a uniform mixture at 40-60 °C for 2 hours using circulating shear pump and an
agitator to keep solid suspended in the solution to form a uniform sturry. The slurry mixture was then spray dried
through a rotary nozzle at a motor frequency of 33 Hz in the presence of hot air at an outlet temperature of 106-109

°C. This constitutes the granule formation step. The fines were removed in a cyclone and the final product was



For measuring the aerated bulk density and tapped bul k density a 50 cc cup
was enpl oyed. The standard tapping counts for neasuring the tapped bul k
density were 180 and the tapping stroke was 18 nm Table 5 Property Exanple
3 Exanple 4 Exanple 1 Value Index Val ue Index Val ue Index Angle of repose
(deg) 30.9 22.0 37.9 18.0

collected to give the new improved excipient. SEM micrographs of the excipient of Example 1 are seen in Figure 1.

Unless otherwise noted, all SEM micrographs herein were recorded using a FEI XL30 ESEM (environmental

scanning electron microscope), voltage 5 kV, spot size 3, SE detector. The samples were sputtered with Iridium

before SEM analysis {sputtering time 40 sec.)
[0045) The compressibility, aerated bulk density and tapped bulk density of the granular material were measured

using a Powder Tester {(Hosokawa Micron Corporation) Model PT-S. A computer which uses the Hosokawa

Powder Tester software was used to control the Hosokawa Powder Tester during the measurement operation,

enabling simple use and data processing. For measuring the aerated bulk density and tapped bulk density a 50 cc

cup was employed. The standard tapping counts for measuring the tapped bulk density were 180 and the tapping

stroke was 18 mm. D50 value was calculated based on the data collected in a “particle size distribution”

measurement. An Air Jet Sieving instrument (Hosokawa Micron System) was used to determine the particle size

distribution of the granular material. A set of four sieves (270 mesh, 200 mesh, 100 mesh and 60 mesh) was used.

The sieving time for each sieve was 60 sec, while the vacuum pressure was maintained at 12-14 in. H:0. The

sample size was § g.

[0046] The “loss on drying” (LOD) value was determined using a Mettler Toledo Infrared Dryer LP16. The set

temperature was 120 °C and the analysis was stopped when constant weight was reached.

[0047] Table 1
[0048] Powder Characteristics  Value
1. Compressibility 16.1%
2. D50 113 um
3. Aerated bulk density 0.29 g/cc
4. Tapped butk density 0.35 gfce
5. LOD 30%
[0049] Example 2: Preparation of microcrystalline cellulose- 5.5% hydroxypropy! methylcellulose - crospovidone

excipient according to the present invention.
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34.9 20.0 Aerated Bulk Density (g/cc) 0.272 0.299 0.296 Packed Bul k
Density (g/cc) 0 339 0.389 0 353

[0050)

[0051]
[0052]
{0053]

[0054]
[0055)]

The excipient consists of microcrystalline cellulose at 85.5%, hydroxypropyl methyl cellulose at 5.5%, and
crospovidone at 9%. The excipient was produced by a wet homogenization/spray drying granulation process. The
apparatus used for the production of the excipient is a Co-current atomizer disc type with the disc RPM between
12000 — 25000 and the inlet temperatures of 180 — 250 °C. After granulation a cyclone separation device was
used to remove the fines. Powdered MCC was converted into a slurry using deionized water in a mixing chamber to
reach a concentration of 25.12%. The other components HPMC and crospovidone were first dry mixed and then
also converted into a slurry with deionized water in a separate mixing chamber to a concentration of 11.4%. The
HPMC/crospovidone mixture was then transferred into the chamber containing the MCC slurry and homogenized
into a uniform mixture at 40-60 °C for 2 hours using circulafing shear pump and a agitator {o keep solid suspended
in the solution to form uniform slurry  The slurry mixture was then spray dried through a rotary nozzle at the motor
frequency of 40.1 Hz in the presence of hot air at an outlet temperature of 106-109 °C. This consiitutes the granule
formation step. The fines were removed in a cyclone and the final product was collected, see Figure 2.

The powder characteristics were determined as described in example 1.

Tablg 2

Powder Characteristics ~ Value
1. Compressibility 19.7%
2. D50 104 um
3. Aerated bulk density 0.20 ccfg
4, Tapped bulk density 0.25 cefg
5. LOD 20%

Example 3

The excipient consists of microcrystalline cellulose at 89%, hydroxypropyl methyl cellulose at 2%, and
crospovidone at 9%. The excipient was produced by a wet homogenization/spray drying granulation process. The
apparatus used for the production of the excipient was a Co-current atomizer disc type with the disc RPM between
12000 ~ 25000 and the inlet temperatures of 180 - 250 °C. After granulation a cyclone separation device was

used to remove the fines. The production of the granular excipient begins with converting powdered MCC (which

11



Conmpressibility 19.8 17.5 23.1 16.0 16.1% 19.5 Angle of Spatula Before
Inpact 31.6 60.1 44.6 Angle of Spatula After | npact

[0056]
[0057]

[0058]

[0059]
10060]

[0061]

consists of rod like particles) into a slurry using deionized water in a mixing chamber to & concentration of 23.34%.
The other components HPMC and -crospovidone were first dry mixed and also converted to a slurry with deionized
water in a separate mixing chamber to a concentration of 10.1%. The HPMC/crospovidone mixture was then
transferred into the chamber containing the MCC slurry and homogenized into a uniform mixture at 40-60 °C for 2
hours using a circutating shear pump and a agitator to keep solid suspend in the solution to form uniform sturry.
The slurry mixture was then spray dried through a rotary nozzle at the motor frequency of 32.5 Hz in the presence
of hot air at an outlet temperature of 106-109 °C. This constitutes the granule formation step. The fines were
removed in a cyclone and the final product was collected. The uniformity of product taken from several samplings
is illustrated in Figure 8.

The powder characteristics were determined as described in example 1.

Table 3

Powder Characteristics  Value

1. Compressibility 165%
2. D50 117 um
3. Aerated bulk density 0.27 glcc
4, Tapped bulk density 0.34 glec

5. LOD 57%

Example 4: High Shear Wet Granulation of Microcrystalfine Cellulose (89%)-HPMC (2%)-Crospovidone
(9%)

133.5 g microcrystalline cellulose, 3.0 g Hydroxypropyl methylcellulose and 13.5 g crospovidone was
placed in a 1 L stainless steel bowl. The bowl was attached to a GMX.01 vector micro high shear mixer/granulator
(Vector Corporation). The dry mixture was mixed for 2 minutes at 870 rpm impeller speed and 1000 rpm chopper
speed. 70 g of deionized water (“the liquid binder") was added to the dry blend, drop by drop, using a peristaltic
pump at 2 dose rate of 16 rpm. During the liquid binder addition the impeller speed was 700 rpm and the chopper

speed was 1500 pm. The wet massing time was 60 seconds maintaining the same impeller and chopper speed as

12



23.4 42.5 32.8 Angle of spatula (avg) 27.5 24.0 51.3 16.0 38.7 19.5
Uniformty 2.9 23.0 2.9 23.0 2.1

during the liquid addition. Following the granulation, the wet granular material was dried in a tray at 60 °C. The
resulted granular material {moisture content 2.35%) was screened through a 30 mesh sieve. The yield of the
granular material that passed through 30 mesh screen was 116.73 g (79.3% referenced to dry starting materials
and dry preduct). See Figure 6.

[0062] Example 5. Granules friability test for the Example 1 excipient and the material obtained by high shear
wet granulation as per Example 4.

[0063] 75 - 100 g of granular material were loaded in a 4 L V-Blender and tumbled for 2 h. The granular material
was collected and analyzed. An Air Jet Sieving instrument (Hosokawa Micron System) was used to determine the
particle size distribution of the granular materiaf before and after tumbling. A set of four sieves (270 mesh, 200
mesh, 100 mesh and 60 mesh) was used. The sieving time for each sieve was 60 sec, while the vacuum pressure

was maintained at 12-14 in. H;0. The sample size was 5 g.

[0064) Table 4
[0065]
Sample % Particles with diameter | % Particles with diameter
less than 50 microns less than 50 microns
before tumbling after tumbling
Ekample 4 14 30
Example 1 5 4
[0066} Example 6. Comparison of Powder Characteristics for Example 1 and Example 3 excipient and the

material obtained by high shear wet granutation as per example 4.

[0067] The powder characteristics of the granular materials were measured using a Powder Tester (Hosokawa
Micron Corporation) Model PT-S. The Hosokawa Powder tester determines flowability of dry solids in accordance
with the proven method of R. L. Carr. A computer which uses the Hosokawa Powder Tester software was used o

control the Hosokawa Powder Tester during the measurement operation, enabling simple use and data processing.
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23.0 Total Flowability Index 86.5 73.0 82.0 [0070]Exanple 7: Conparison
of hardness vs. conpression force profiles for placebo tablets prepared
usi ng Exanple 1 excipient and the material obtained by high shear wet
granul ati on as per exanple 4. [0071] Approximately 0.5 g tablets were
pressed fromthe correspondi ng granular material at various conpression

t omes udionpeasurintheasrated bl fignsityang pped prik dgnsitna J9er eupavas empisyedwElielstandarddappias 5
seconds. No | ubricant was added. The hardness of the tablets was neasured
usi ng a o9HYSTIMeastig g epred Py Hemsity e 180 i edaprinetyPhe et i hess Tester. The

val yes recorgq%%'n the tabl e bel ow are an average of three nmeasurenents.
ﬂ%@§Z]Table 2 ression force (pound-force) Hardness (kp)

[oo€s)
Property Example 3 Example 4 Example 1
Value | Index | Value | Index | Value | Index
Angle of repose (deg) 309 [220 1379 | 180 |3489 {200
Aerated Bulk Density (g/cc) 0.272 0.209 0.296
Packed Bulk Density {g/cc) 0,332 0.389 0.353
Compressibility 198 |175 [231 |16.0 |16.1% {195
Angle of Spatula Before Impact 3186 60.1 446
Angle of Spatula After Impact 234 425 328
Angle of spatula {avg) 2715 {240 |513 |16.0 | 387 195
Uniformity 29 | 230 |29 (230 |21 23.0
Total Flowability Index 86.5 73.0 82.0
{0070} Example 7: Comparison of hardness vs. compression force profiles for placebo tablets prepared using
Example 1 excipient and the material obtained by high shear wet granulation as per example 4.
[0071] Approximately 0.5 g tablets were pressed from the corresponding granular material at various

compression forces using a Carver manual press and a 13 mm die. The dwell time was 5 seconds. No lubricant
was added. The hardness of the tablets was measured using a Varian, Benchsaver™ Series, VK 200 Tablet

Hardness Tester. The values recorded in the table below are an average of three measurements,
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Exanpl e 4 Exanple 1 3000 18.43 31.0 2000 12.93 22.2 1000 5.7 10.1
[ 0073] Exanpl e 8: Conparison of Hausner Ratio and Cart's Conpressibility
Index (99 of mcrocrystalline cellulose fromdifferent comrercial sources,
comer ci al co-processed excipients containing mcrowstalline cellul ose,
and Exanple 1,2 and 3 excipients. [0074] Using the aerated and tapped bul k
density, Cares conpressibility index and Hausner ratio can be calculated. A
val ue of 20-21%or |less for the Cares conpressibility index and a val ue
bel ow 1.25 for the Hausner ratio indicate a material with good flowability.
Q075] Tabl e ?ﬂk%076] Exci pi ent Brand Nanme Hausner Ratio Conpressibility

Medx (%

Compression force Hardness (kp)
(pound-force) Example 4 Example 1
3000 18.43 31.0
2000 12.93 222
1000 5.7 10.1
[0073] Example 8:. Comparison of Hausner Ratio and Can’s Compressibility Index (%) of microcrystalline

cellulose from different commercial sources, commercial co-processed excipients containing microcrystalline
cellulose, and Example 1, 2 and 3 excipients.

[0074} Using the aerated and tapped bulk density, Carr’s compressibility index and Hausner ratio can be
calculated. A value of 20-21% or less for the Carr's compressibility index and a value below 1.25 for the Hausner
ratio indicate a material with good flowability.

[0075] Table 7

[0076)

Excipient Brand Name Hausner Ratio Compressibility Index (%)

Emcocel 90 1.32 245
Avicel PH 102 132 24.2
Prosolv 90 1.23 18.9
Example 4 1.30 231
Example 2 1.26 19.7
Example 1 1.19 16.1
Example 3 1.22 16.5
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Encocel 901.3224.5 Avicel PH 1021.3224.2 Prosolv 901.2318.9 Exanple
41.3023. 1 Exanpl e 21.2519.7 Exanple 11.1916.1 Exanple 31.2216.5 15 Entocel
90, Avicel PH 102- brands of microcrystalline cellul ose Prosolv 90-
silicified mcrocrystalline cellulose [0077] Exanple 9: Disintegration Tine
vs. Hardness for Placebo Tabl ets of MCC Based G anul ar Exci pients

[ 0078] Appr oxi mat el \Fmeecs! 96, Aviegh Pl 162 ~Jheands oppierepsysiglieceliisehe cor r espondi ng
granul ar material at a conpression force of 3000 | bs-f using a Carver
manual press and a Ao} ulisifiedmigocysiging cdli9$8 was 5 seconds. No | ubri cant

added. The djsintegrati ogn experi men erfar ith a Distek
BP0t egr at 1 Grenes S DRrGasn fte s Hutss Hrtieerls 16 e e S orent
BASLI20! < Rph0RERL o TRBbES HRL ARGSFiulithliallyal Al Gk 8 LR RSk R ©
of 3000 Ibs-f using a Carver manual press and a 13 mm die. The dwell time was 5 seconds. No lubricant was
added. The disintegration experiments were performed with a Distek Disintegration System 3100, using 900 mL

deionoized water at 37 °C.

[0079] Table 8
[0080]
Tablet Hardness (kp) Disintegration time (sec)
Example 1 3.0 55.5
Example 2 303 150
Example 3 26.33 42
[0081} Example 10 Powder properties of a mixture of 5% Acetaminophen with Example 1 excipient.
[0082] 7.9 g of Acetaminophen were blended with 150 g of Example 1 excipientina4 L V-blender for 1 h 30 min.

The powder characteristics were measured using the same method mentioned in Example 6. The D50 value was

calculated based on the data collected in a “particle size distribution” measurement similar fo the one described in

Example 5.
[0083] Table 9
[0084) Powder Characteristics ~ Value

1. Compressibility index  20.7%
2, D50 116 um

3. Aerated bulk density . 0.28glcc
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[ 0081] Exanpl e 10 Powder properties of a m xture of 5% Acet am nophen with
Exanple 1 excipient. [0082]7.9 g of Acetam nophen were bl ended with 1509 of
Exanple 1 excipient in a 4 L V-blender for 1 h 30 mn. The powder
characteristics were nmeasured using the same nethod nentioned in Exanple 6.
The D50 val ue was cal cul ated based on the data collected in a "particle
size distribution" neasur enkaped ilkdensly t 83848 one described in Exanple 5.
%3083] Tabl e 9 [0084] Powder CharacteristicsValue 1. Conpressibility index
85106 2. D50 EXEIPIEH: FPowdes prapedios ¢ a mikiuggohiOraAselaminpplien with Exampiebgxelpienbul k

E@?Eﬁ? %Rﬁgagﬁeﬂé-%ﬁ?fﬁg%ﬁe@@ ergo bt 9% B ﬁéfci%ee@inlgﬁ L%@@b%ﬁf‘ﬁrﬁﬁﬁﬁfen?% e
i 1 i pi i 4 1. V- 30

i T h oL e EY Pt iR Rt heflodurioiedhER08Re hhpiydue

TNt | OnGA, LR e caS1eEB e ¥ B BT Rl L ARG A b 0t 3

col | ect ina "particle size distribution” nmeasurenent simlar to the one
descri begkcivag k. 5 [0087] Tabl e 10 [0088] Powder CharacteristicsVal ue
1. Conpressibility index 32.9% 2..D50117 um 3. Aerated bul k density0.28 g/cc

foog7fapped bulrdbledensi ty0. 42 g/ cc
[o088] Powder Characleristics ~ Value
1. Compressibility index 32.9%
2. D50 117 um
3. Aerated bulk density  0.28 gfec
4, Tapped bulk density ~ 0.42 glcc
[0089) Example 12. Powder properties of a mixture of 30% Ibuprofen with Example 1 excipient.
[0090] 64.3 g of Ibuprofen were blended with 150 g of Example 1 excipient in a 4 L-V-blender for 1 h 30 min. The
powder characteristics were measured using the same method mentioned in Ekample 6. The D50 value was

calculated based on the data collected in a “particle size distribution” measurement similar to the one described in

Example 5.
[0091] Table 11
[0092] - Powder Characteristics ~ Value
1. Compressibility index 27.6%
2. D50 105 um
3 Aerated bulk density  0.28 gfcc [
4, Tapped bulk density ~ 0.39 g/cc
[0093] Example 13. Preparation of 5% Acetaminophen tablets using the powder blend prepared according to
Example 10.
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[ 0089] Exanpl e 12. Powder properties of a m xture of 30% | buprofen with
Exanple 1 excipient. [0090]64.3 g of I|buprofen were blended with 150 g of
Exanple 1 excipient in a 4 L V-blender for 1 h 30 mm The powder
characteristics were nmeasured using the same nethod nentioned in Exanple 6.
The D50 val ue was cal cul ated based on the data collected in a "particle
§0094 di st ri béepreximatelrfgiablelrwert pisssed foarthetcomespoadinggeande seteiidha darows Exanpl e 5.
[0091] Tabl e 11 [0092] Powder CharacteristicsValue 1. Conpressibility index
27. 6% 2.ComEBETootRHUENg akapemapuabnigsk andaria mingle. Thg dyglidime was Seagopdse Np lybricant

usi mo. 1 W PR dPe BB CDR e ool P (PSR s, R 200 okl
0094 ' Ly 0.5 g tahl et d f th di

o anul o SR SRk The Ay Pty Br Bl off PR hEB eI B hanua pr s
d 13 ' i ; ; . I d. Th

nar dnos S AP RECPIRFIT WS ferb e B, ARARIG S M b S b BRnBRECT, o0

VK 200 T2l £474gar dness Tester. The values recorded in the table below are
an average of three measurenents. The disintegration experinments were
pags)or med W trdpleazDi st ek Di sintegration System 3100, using 900 nL dei onoi zed
water at 37 C. [0095] Table 12 [ 0096] Conpressi on Force Hardness

[Dossj nt egr ati on (pound-tone) (kp)in Water 400033. 290 sec

Compression Force Hardness  Disintegration

{pound-force) {kp} in Water
4000 33.2 90 sec
3000 283  52sec
2000 218 15 sec
[QDQT} Example 14. Preparation of 30% Acefaminophen tablets using the powder blend prepared according to
Example 11.
[0098] Approximately 0.5 g tablets were pressed from the corresponding granular materiai at various

compression forces using a Carver manual press and a 13 mm die. The dwell ime was 5 seconds. No lubricant
was added. The hardness of the tablets was measured using a Varian, Benchsaver™ Series, VK 200 Tablet
Hardness Tester. The values recorded in the fable below are an average of three measurements. The
disintegration experiments were performed with a Distek Disintegration System 3100, using 900 mL deionized

water at 37 °C.
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300028. 352 sec 200021.815 sec [0097] Exanpl e 14. Preparation of 30%

Acet am nophen tablets using the powder bl end prepared according to Exanple
11. [0098] Approximately 0.5 g tablets were pressed fromthe correspondi ng
granul ar material at various conpression forces using a Carver manual press
and a 13 mmdie. The dwell tinme was 5 seconds. No |ubricant was added. The
[99diness of f#R¥ Babl ets was neasured using a Varian, Benchsaver TM Seri es,
VK 200 Tabl et Hardness Tester. The val ues recorded in the table bel ow are
1% er age of three measurements. The disintegration experinents were
performed with a D stek-Disintegration.System 3100 __using 900 nL dei oni zed
water at 37 C. [0099] TablCempressiondoreo] CoHypirnesssiisntegstideHar dness

Di sintegration (pound-force@g k@?ig Wat er 400017.418 sec 300013. 019 sec
20008. 816 sec [00101] Exanpl @SOS apnar ati &%) of 5BHAEpr oxen Sodi um Exanpl e
3 [00102] 80 g Napr OX citumse-thmthitmtifombmar-ehe- it~ 808—aaRpl € 3 exci pi ent and
800 my (0.5% anorphous silic®¥%glidant) id74 4 L %% ender for 1 h 30 min.

Approxi mately 0.5 g tablets pressed fr t he ,correspondi ng granul ar
Dol 1§H‘ Y

material at various conpress forces using-a Car manual press and a 13
mm die. The dwell tine was 5 onds. No | i cant s added. The hardness
of the tablets was neasured using a Varian, BenchsaverTM Series, VK 200
Tabl et Hardness Test e f bel ow are an

average of three nmeasurements. The disintegration experinments were _
§{obor med Wi gl B, SFgggﬁﬁraEa SYE $&Euﬁ}t§ 33100, using 900 nL del onoi zed
@/atnef at 37 eg?‘ees I'si Gs } {og\%@% abl e %@@[ 00104] Har dness vs.
ﬁgﬂiﬂr €ssion ﬁﬂ_{ NeBrokgh @bdiunBiferd indel &tg%x%fe%'eﬁtﬁ’dﬂemf @800 24 10.3%) amorphous silica
proxen/ Exanpl e 3

(glidant) in a 4 L V-blender for 1 h 30 min. Approximately 0.5 g tablets were pressed from the comesponding

granular material at various compression forces using a Carver manual press and a 13 mm die. The dwell time

was 5 seconds. No lubricant was added. The hardness of the tablets was measured using a Varian, Benchsaver™

Series, VK 200 Tablet Hardness Tester. The values recorded in the table below are an average of three

measurements. The disintegration experiments were performed with a Distek Disintegration System 3100, using

900 mL deionoized water at 37 degrees Celsius.

[00103] Table 14

[00104] Hardness vs. Compression Force Profiles for Tablets obtained from 50% Na NaproxenfExample 3
excipient

[00105]

Compression Force  Hardness

(bs-force) (kp)
4000 16.77
3000 143
2000 11.77
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exci pi ent [00105] Conpression Force Hardness (|l bs-force)(kp) 4000 16.77
3000 14.3 2000 11.77 19 [00106] Table 15 Disintegration tinme for Tablets
obt ai ned from 50% Napr oxen Sodi um Exanpl e 3 exci pi ent Tabl et Conposition
(hardness)Di sintegration tinme 50% Na Naproxen/ Exanple 3 ( 16.77 kp)11l mn
50% Na Naproxen/ Exanple 3 ( 14.3 kp)10 m n 20 sec [00107] Havi ng descri bed

the invention in detail, those skilled in the art will appreciate that
nodi ficationg mag be
[00106] Table 1

Disintegration time for Tablets obtained from 50% Naproxen Sodium/Example 3 excipient

Tablet Composition (hardness) Disintegration time

50% Na Naproxen/Example 3 ( 16.77 kp) 11 min

50% Na Naproxen/Example 3 ( 14.3 kp) 10 min 20 sec

[o0107) Having described the invention in detail, those skilled in the art will appreciate that modifications may be
made of the invention without departing from ifs' spirit and scope. Therefore, it is not intended that the scope of the
invention be limited to the specific embodiments described. Rather, it is intended that the appended claims and
their equivalents determine the scope of the invention.

[00108] Unless otherwise noted, all percentages are weight/weight percentages.
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made of the invention w thout departing fromits' spirit and scope.
Therefore, it is not intended that the scope of the invention be |[imted to
t he specific enbodi nents described. Rather, it is intended that the
appended cl ains and their equival ents determ ne the scope of the invention.
[ 00108] Unl ess ot herw se noted, all percentages are wei ght/wei ght
percentages. Cains 1. A conposition conprising substantially honbgeneous
particles including: about 75%to about 98% m crocrystalline cellul ose;
about 19%4®$ about 10% at | east one binder; and about 1%to about 15% at

| east one di ¥ domp@lichitbmpriging stitanily HoMsSjehdopadiflesticadin 1 wherein the

conposition i S t.80%t.0 apout 90% m crocrystalline cellul ose;

about 2% to g%g{#%&%b%{?gqq@QEPC%S(?'F@"%?G@%@%; and about 3% to about 12% at

| east one di stoutiége ghaut 10%3at IsBstonecciindpoewit i on of Claim 1 wherein the

conposition iat%‘ﬁﬂ1%q§§?'out"1‘§*;%ltlea§§%oﬁsﬁg§'ﬁ@.“t 93% m crocrystal line cellul ose;
0

about 2% to about at | east one er; and about 10% at | east one
di sintegrant. 4. The conposition of claim1l wherein the binder includes

hylclr 0_><y|ﬂ2ir Opyrrhelrt_erhﬁwiidaeidam gﬁ@ream@ cbrhﬁ%siﬁ&ﬁli:lﬁu;e@%r ant i QC{,\ﬂdes- cr o?]s- i nked
pol yvi nyl pyrr.ol | e .ne conposition o al ne ereln the excipilent
is forned byalgobtng"gP:ﬁbuué%%daﬂtécgatgl%'c%fpipv conprised of the mcrocrystalline
cel I ul ose, batwdefs taabdut 8% si leastoge tinder, ar8. A met hod of maki ng an exci pi ent
conpri si ng: 5“0@3'%%&omﬁﬂgﬁﬁea&@ne\’@hﬁﬁmﬁip forma viscous sol ution;

3 The composition of Claim 1 wherein the composition includes:
about 85% to about 93% microcrystalline cellulose;
about 2% to about 5% at least one binder; and

about 10% at least one disintegrant.

4 The composition of claim 1 wherein the binder includes hydroxypropyl methylcellulose and the disintegrant
includes cross-linked polyvinylpyrrolidone.

5. The composition of Claims 1 wherein the excipient is formed by spraying an aqueous slurry comprised of
the migrocrystalline cellulose, binder and disintegrant.

6. A method of making an excipient comprising:
mixing a binder in water to form a viscous solution;
homogenizing microcrystalline cellulose and a disintegrant into the viscous solution to form a slurry; and
spray dry granulafing the slurry to form substantially homogeneous particles of excipient.

7. The method of claim 6 wherein:
about 75% to about 98% microcrystalline cellulose;
about 1% o about 10% at least one binder; and
about 1% to about 15% at least one disintegrant.

8. The method of claim 6 comprising:
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honogeni zing m crocrystalline cellulose and a disintegrant into the viscous
solution to forma slurry; and spray dry granulating the slurry to form
substantially honbgeneous particles of excipient. 7. The method of claim®6
wherein: about 75%to about 98% m crocrystalline cellul ose; about 1%to
about 10% at | east one binder; and about 1%to about 15% at |east one

di si nt egr ant 2PoulB0%abagt Bpwicregrysialing cafulssez onpr i si ng:  about 80%to about 90%
m crocryst al laboe2esie bilols%eleasbdd@ bihder ¥adt 0 about 8% at | east one binder; and
about 3%to 0 12% | east ope disintegrant. 9. The nmethod of Claimé6
conpri si ng: %gqﬂg%ﬁwé@%q%agﬁﬁme@%ﬁﬁﬁﬁmm ocrystalline cellul ose; about 2%to
about 5% at | east one binder; and about 10% at | east one disintegrant. 10.

The net od ofr&ha Li-t.he binder includes hydroxypropyl
met hyl cel | ul ose %ﬁ??ﬁ%‘@f’%{“ grant i ncludes cross-1inked

pol yvi nyl pyr #¥ut8géiabout §3% migogmstebirsdelybsenaki ng an exci pi ent conpri si ng:

di ssol vi ng hysbumipsRm gt atedshonk Biflel; lqgose in water to forma viscous
sol uti on; @‘gnagqgni zi.ng mcrocrystalline cellulose and cross-1Iinked
§ 1064

pol yvi nyl pyrF‘QS’I“ Y0redsRIaY scous sol ution to forma sl urry; spray dry
granulating the slurry to formsubstantially honbgeneous particles. 12.

Th d L isipa 0 % i i
col | uosd: apiidlefhriam ARG ik Ofte; A b RARSESHRREIT, O ou
15% at [nslydes cregsdinkgd polywinylpgroideone. 13, The net hod of clai m 11 conpri si ng:

about 80% to about 90% microcrystalline cellul ose; about 2% to about 8% at

| east oq$ bi nder ; ?nq( about, 3% to about 12% at | east one disintegrant.
. A method of making an excipient comprising:

dissolving hydroxypropy methylcellulose in water to form a viscous solution;

homogenizing microcrystalline cellulose and cross-linked polyvinylpyrrolidone into the viscous solution to
form a slurry;

spray dry granulating the slurry to form substantially homogeneous particles.

12. The method of claim 11 comprising:
about 75% to about 98% microcrystalline cellulose;
about 1% to about 10% at least one binder; and
about 1% fo about 15% at least one disintegrant.

13 The method of ¢claim 11 comprising:
about 80% to about 20% microcrystalline cellulose;
about 2% to about 8% at least one binder; and
about 3% to about 12% at least one disintegrant.

14. The method of Claim 11 comprising:
about 85% to about 93% microcrystalline celtulose;
about 2% to about 5% at least one binder; and

about 10% at least one disintegrant.

15. A pharmaceutica! tablet comprising:
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14. The method of C aim 11 conprising: about 85%to about 93%

m crocrystalline cellulose; about 2% to about 5% at |east one binder; and
about 10% at | east one disintegrant. 15. A pharnaceutical tablet
conprising: at |east one active pharmaceutical ingredient; and an
exci pi ent of substantially honbgeneous particles including: a)

m crocryst al htileaaome@cﬁvubmedﬂc)aiwgredlemaaaﬂ one binder; and c) at |east one

di si nt egrant, %gﬂ%p‘ggitﬁ t'gygég'ﬁOgé'{e@{iS”;&%%eﬁ"ﬁii n the exci pi ent includes:

about 75%to0°h Pive | ose; about 1% to about 10% at
| east one bi nded ; migratystalieeeliulbsé t o about 15% at | east one di sintegrant.

17. The tablet of glahMebdsiRgei n the excipient includes: about 80%to
about 90% mi crocrg/st al l'ine cellul ose; about 2%to about 8% at |east one

bi nder; and ab&utdt%gsengdisBBeEnt 1206 at | east one disintegrant. 18.The tabl et
of Claim 15 wherein the exci p| ent includes: about 85%to about 93%

m crocrystal Li l,1.ul out . 2% about 5% at | east one binder, and
about 1%& at ]rﬂeg"’g‘%f"?ﬁi?\%‘@w*?f% gef%%ef‘t'"c&’ge The tablet of claim 15 wherein the
bi nder i ncl uahegt 75y thrabout/§8fopighocrystatiiteydeliiobd; ul ose and t he di si ntegrant incl udes

S;BISZt I Lgke??ﬂaﬁlh%‘fd ABe PO8E &t Rhdt 9 der2fla A Met hod of making a pharmaceuti cal
P about 1% to about 15% at least one disintegrant.

17. The tablet of claim 15 wherein the excipient includes:
about 80% to about 80% microcrystalline cellulose;
about 2% tc about 8% at least one binder; and
about 3% to about 12% at least one disintegrant.

18. The tablet of Claim 15 wherein the excipient includes:
about 85% to about 93% microcrystalline celiulose;
about 2% to about 5% at least one binder; and
about 10% at least one disintegrant.

19. The tablet of claim 15 wherein the binder includes hydroxypropyl methylcellulose and the disintegrant
includes cross-linked polyvinylpyrrolidone.

20, A method of making a pharmaceutical tablet comprising:
mixing at least one active pharmaceutical ingredient with an excipient of substantially homogeneous
particles including:
a) microcrystaliine cellulose;
b) atleast one binder; and
¢) atleast one disintegrant to form a mixture; and
compressing the mixture to form a tablet.

21. The method of claim 20 wherein the excipientincludes:
about 75% to about 98% microcrystalline cellulose;
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m xi ng at | east one active pharmaceutical ingredient wth an excipient of
substanti ally honbgeneous particles including: a) mcrocrystalline

cellul ose; b) at |east one binder; and c) at |east one disintegrant to form
a mxture; and conpressing the mxture to forma tablet. 21. The method of

cl aim 20 wherein the excipient includes: about 75%to about 98%

m crocryst al labdde1%0ebtobt!10% et leastafitider]dd t 0 about 10% at | east one binder; and
about 1%to a t ope di ﬁl ntegrant. 22. The nethod of claim 20

o |
wherein the ggoé‘ﬁrﬁt%%{ th%{‘i?@e&%gne 08T 8006 t 0 about 90% ni crocr ystal line

cel | ul ose about 2% to about 8% at | east one binder; and about 3% to about

12% at I.gast ng}ﬁeﬂ-ﬂbalclglh%gh%nthe?e’iq%-ﬁhﬁdda@st hod of C aim 20 wherein the

exci pi ent i nc < i out 93% mi crocrystalline cellul ose;
about 2% to aip0%durbent S%pigecrysialineseliieRst :  and about 10% at | east one

di si nt egr ant aboui24 to oG 8Bl IEHGn&Findert: dm 20 wher ei n t_he bi nder i ncl ud_es
hydr oxypr opyl g’g?\: Lﬁ1£)uat?ea§onedlsmFegrantd' sintegrant includes cross-1|inked

ponV|nyIpyrF
23. The method of Claim 20 wherein the excipient includes:
about 85% to about 93% microcrystalline celiulose;
about 2% to about 5% at least one binder; and
about 10% at least one disintegrant.

24 The methed of claim 20 wherein the binder includes hydroxypropyl methylcellulose and the disintegrant
includes cross-linked polyvinylpyrrolidone.
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