MESOPOROUS MATERI AL EXCI Pl ENTS FOR POORLYAQUEQUS SOLUBLE | NGREDI ENTS

CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] The present application

cl ai ms prwonninosved7U. S. Provi si onal Patent Application Ror/S6260b@800816,
filed Cctober 28, 2008, the teachings of which are hereby incorporated by
reference in their entirety for all purposes. FIELD OF THE | NVENTI ON [ 0002]
The technical field of this invention relates to solid dispersions or

sol uti ons MESOPOROESMMATER L EXTIPIENTSOFOR ROQORLY AQUBOUS gani ¢
i ngredi ents for pharnmaceutical and specialty chem cal applications. The
formul ation is prepared usi fSOLUBIdpANGREDIENFScess. BACKGROUND OF THE
| NVENTI ON [ 0003] The poor solubility of active pharmaceutical ingredients
(API's) in water is GROSS-RERERENCEChHAQIREhATED APPIACATION® devel opnent of

many phar utical products for conmercial] ion.. Mgre than one third of
the dr ugsmﬁﬁt eEﬁ‘F Hreg‘ﬁ’é aPE‘_ Hap ﬁléﬁ%ﬂé‘?rﬁyé%*i%i;r?“%@%ﬁé‘t%éﬁp@l‘fé‘ﬁ%al
entitises KhIE$I09,006, NRY GGbber© 8! NMREMHE @UcRindS 6f RARK aYe NBLSY insQbufate& 1Bf

i nsol ubl e. The poorly water-sol ubl € substances have a solubility of Iess

t han 10 greferericq iptheinentitedy faraflputprees.5 g/ L and nore particularly, |ess than
1 g/1. Substances with aqueous solubility less than 0.1 g/L are classified

as practically insoluble or @MELDSOFANE INMEYRIOR. Wien these drugs are
adm ni stered, they usually have a very |low bio availability because of

their pool0083 ubh¢ technica] fiekboithisanyantien felefesito solid slispgrsians ot lutions

I nconpl et rptd |.QSS il .t her | ffect. Many
NCEs. Ta 118 ER HisoBhol: Rauclflt ol acheo B2 Sotl e BRSPS 01 b1 ¢y
i n waltler . pHafifbthtiddi ahd epdealty chamicabgpplioatiterst The fitrandfioniepdpsasdusingan rate
of poorly watersoluble drugs to increase bioavailability. One strategy is
to i nproVE@ WISIVIERACSEt es t hrough specific fornulation methods, the nost
common being particle size reduction {see, Jinno, J. et al., Journal of
Control | ed Rel ease, 111: BACKGROGND Off THIEENVIAHIENeNn et al ., Particles

\IIDVIat gntm)dl [f()bﬁﬂ pjf]l){es pl)oco(%Csm%rr‘)r}lﬁ}(;1 Iof ING %Bgrlmea%éut}cg fnrgré?ﬁeen%a(A%é)qrq Waatneq is one of us

the most challenging issues in the development of many pharmaceutical products for

15  commercialization. More than one third of the drugs listed in the US Pharmacopoeia and
half of the new chemical entities (NCEs), or new active ingredients are poorly water
soluble or insoluble. The poorly water-soluble substances have a solubility of less than 10
g/L, in particular less than 5 g/L. and more particularly, less than 1 g/l. Substances with
aqueous solubility less than 0.1 g/L are classified as practically insoluble or an insoluble

20 substance. When these drugs are administered, they usually have a very low bio-
availability because of their poor solubility in the digestive fluid, causing erratic and
incomplete absorption that may lead to a loss in therapeutic effect. Many NCEs fail to be

commercialized due to their insolubility or poor sdlubility in water.

[0004] Much effort has been made to enhance the dissolution rate of poorly water-

25  'soluble drugs to increase bioavailability. One strategy is to improve dissolution rates
through specific formulation methods, the most common being particle size reduction (see,
Jinno, J. et al., Journal of Controlled Release, 111:56-64 (2006); Kirsten, Westesen ef al.,
Particles with modified physicochemical properties, their preparation and uses, US Patent
No. 6,197,349 (2001)), inclusion in cyclodextrins (see, Palmieri, G. F. et al., ISTP Pharma

30  Science 7:174-181 (1997); Xiang, Tian-Xiang et al., Pharmaceutical formulation for
poorly water soluble camptothecin analogues, US Patent No. 6,653,319 (2003)), the use of
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No. 6,197,349 (2001)), inclusion in cyclodextrins (see, Palmeri, G F. et
al, |ISTP Pharma Science 7:174-181 (1997); Xiang, Tian-Xiang et al.,

Phar macewvDcalo/dsesorul ati on for poorly water sol uble canmpCoiSieeeiomo@sal ogues,
US Patent No. 6,653,319 (2003)), the use ofinert water-soluble drug
carriers in solid solutions or dispersions, nanocrystalline {see,

Winder | i clmeriewatat-sqlutibe datgi carriars oxdolidgelutibydsradiyedi@nsc narfoarystatighedr ug

formul ation at. provi des r.imredi ate rel ease of nanoparticle dru
ormouads e BBl TS GeBiin oy 48 luairdoriro et AR S bk B ORI

[ 0005]  ANBRShid GorVidint tste ARRESE B DBDparRld G/l b BNUSIP 1 9937 >
f or mul at ingnslhegg% been used tsogjl@rrprg\c/le tléhsé‘”%ics%g'g%a%%#bﬁgrgfégkﬁo gggh ?(SI nds

of drugs. (99)dbraimspehoss dnmsaxfdRisual |y formul ated with sol ubl e organic

polymers {see, Yamane, Shogo et al., Solid fornulation with inproved
sol ubi §i t yoowsyl Aratnd tht yariddppRiabed, id d@§_r1jé£i;‘ikﬁi Stbofiiofl fhmiticHsihate US
Pat ent Pub. No. 2006/0153913 : Hoshi no, Takafum et al, Solid dispersion

pr epar at i 8¢en used mrieveilip dissplutionory gbsugk 8indapf drughi Selid digpersiphsarhave

smal | - por iflc. [ €RS, r epog Bt hods
i nvol vg t he ? glrfgn%lﬁéc}gd lcﬁwgoﬁs% %k%ﬁégé;lg’%%%s(?%eh?%fnﬁl% hé)g;gseéﬁt'l?jtéogg carriers
or the i nfompbranivo iofprewtdisalubiing andsrdbWel thd GetQ8 orspro8asdng Siigrey, D. E

Dr i nf J | 0: 39-1044 (1996)). Usi t er-sol ubl
S b QY h P S gL R st ot e R A S ocesses
of coravel GispshsiotWr&ar&@s, UIPAGH pRY! Ns.rzo@v;w4§éxq 1) GRiEh gﬂ)z%aél?ha% O al

Solid solution formulation of poorly water-soluble”activ tance, US
Pat ent Pubmalhpore2@dsn©aeBie9/7spatific sitfaderavaisy dsvot taporteell théthgdsoihivelPe thet oget her

ith oth .id erjals. h PEG | ycol drug carri.ers, to form
cer - ool | IPERECRRST IR R T SHS B it i tnES sy HerBr Ry aiEh 65, o %) o
t enper at us@factahbeandiwditiiCadesitst(RRN Sy €. iEZ@ilzég SireRAion Yoxom 30:1039-e0at | vel y

| ar ge amobunts of excipients, and encapsul ated into hard gelatin capsules or
conpr esset AP o UsHigl vwater-sotide eargigisy tieiselid digpersigng dre aigwallytashiswed treyghf or t he
manuf act u ) ) ival . C . v removal
{see, ?%t rg%t?%cf gﬁ%? gggot B%thﬁ E’@rt%gé&&[glua\ég%{\?e?lglglgg%eg’ %E’?rﬁcg%sﬁb ' (r:rdé}r’]luf acture
t her eof , &iFidPatlwitn fBrulaiids of POOH) ORAG IsokblMictivBtshiavdnce JUS iPateat Péll. No. Por ous

o 22005, SOEIARBPELRAL ol b Lo odal S e ePugdit e
I ncor por agichs PEGSARARgTY dok Bruptiahftid, 38 fsiml &ntilBlid @A WAR ndtheite, HRAQRLY aqueous

hardened by cooling to very low temperatures. The mixture is then pulverized, sieved,

20  mixed with relatively large amounts of excipients, and encapsulated into hard gelatin
capsules or compressed into tablets. These operations are difficult to scale-up for the
manufacture of dosage forms. Alternatively, the process of solvent removal (see, Straub,
Julie et al., Porous Drug matrics and Methods of manufacture thereof. US Patent Pub. No.
2005/0048116 A1, Straub, Julie et al., Porous Drug Matrices and Methods of manufacture

25 thereof, US Patent No. 6,932,983 B1 (2005)) can also be used to produce solid dispersions
of drugs. The incorporation of soap-like surfactants in the formulation of poorly aqueous

soluble drugs, may cause irritation side effects after oral administration in some cases.

[0006] Generally, the commercial application of solid dispersion has been very limited,
primarily because of manufacturing difficulties and stability problems. These dosage
30 forms developed often have drawbacks, such as poor product thermodynamic stability,

issues with manufacturability such as poor batch-to-batch reproducibility and limitations in



sol uble drugs, may cause irritation side effects after oral adm nistration
in sonme cases. [0006] Generally, the commercial application of solid

di sper si onohany/isesn very |imted, primarily because of mraEmMS$GAAVWNINGS)
difficulties and stability problens. These dosage forns devel oped often
have drawbacks, such as poor product thernodynam c stability, issues with
manuf act us@bing-upyorsecommersiap pduttainclied, Setaptddim, e dr. dMiwoubiad bf y and

limtatio inscal.i ng-up foy, [ roduction {see, Serajuddin, A T.
M Jour nal MEasRAfSEhSEERGe 8'%&%5@%?&:1058- 1066 (1999)). [0007] As
menti oned above, another nethod is to reduce particle size, which is

i nt ended {&07hcAsasentioned glve aanothen nfedtnd iatemdudeapankde sivhievidehity ipendéd| e
and the djssol uti.pn dium. The drawback of this.technigue lLies in..

Mot b1 | 1S gE B e R et ONRRR Sn ot i o Tt P o age,
whi ch $ausesdiabhéd bOfisitechRidus et @BtabBiteof ;iﬁﬁcle Nge aMi adfloBérafidn during

Phar maceuti cal,_Research 25: 1175- 1185 (2008)). In sone cases, a W de

di st ri but Pestrmyilingiséorpeg, whighecayses aggfinningasselubign sate fsegi Nig Wi Keeitdd., of
gastric b ' i 03] @g)t iV, p ch. 1 uce
drugs in %ﬁ%%ﬁng%t%%gﬁg&?: g‘?’ranzsb{/ﬁgggrzgisﬁ%? n 'ﬁl&lggﬁf tfgsseg\/\?ﬂvﬁd%o#%%?mg) d‘lg}{tﬁves
such as ppdartcls sjzewdeld haseedverersadedtects of gasttic dleeding an€Caddsea.d | nt er phase
Sci. 173:186-191 (1995)). Spray drying and quench are also applied to

produce a[ﬂgwpos@ ARAHROE EMrb&d is wgﬂggﬁée%@gs ﬁlhﬁ? %b@ﬁom‘shﬂ%ﬁed cool i ng

prevents e crystal growh {see, a, P.7et al., armaceuti cal
Devel BpnegtindangithacigsovitdygtherlBtdtiigs 3&h 2520081 )powden@es rY,oneimechii Goesy.,

chal | enge,i 0,stabilize. A [geve an acceptahle shelf-life because
cror phoas ettt Er@Phee G AD Ib P ISR G i SR P St e BRI o

revert baekprbduckAtogphonb pharhiaeeftRaIprodedls & Bk d0Rk diiflg hiPEsYiag peveall ut i on
rates due to anorphi zati on woul d be | ost duri n[gptransportatl on and storage

when t he Bgshpsibgowib(ser Gurtps P iwaal. RhsriecusicgPeanelapment erdd echooogy, The

di , Pri | 1
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mesostructural diversity as well as the larger pore and thicker wa
when the amorphous APIs revert back to the crystalline form.

[0009] The discovery of a series of new ordered mesoporous material called MS41

20  family, having a regular pore size distribution that can be systematically varied between 2
and 10 nm, has opened up new possibilities in the field of catalysis, adsorption and
pharmaceutical applications. Moreover, among the various structures of mesoporous silica
materials, SBA-15 synthesized by nonionic polymer surfactant is the most extensively
investigated due to its mesostructural diversity as well as the larger pore and thicker wall.

25  The pore size is adjustable up to 30 nm. The feasibility to obtain different pore size and
geometries offers wide potential for hosting molecules larger than the ones exhibited for
classic microporous materials. In addition, the large surface areas of pore walls are
occupied with high concentrations of silanol groups, which make the porous materials
modifiable with different surface functional groups. Thus, the absorption properties are

30  adjustable for different purposes of molecule hosting.

[0010] In view of the foregoing, there is a need for formulating drugs and specialty

chemicals that are poorly water soluble, practically insoluble or insoluble. Formulations
3
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i nsol ubl e. Fornmul ati onsare needed which inprove the dissolution rates of
t hese con@@@m@tm mtes pglwell ap stabibize the amtmphouatf@m duringsubpequiaet axitapded i ve tract
and t

h ff ble to d |
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rates as well as stabilize the annrphous forn1dur|ng subsequent extended
storage. The present invention satisfies these and other needs. BRI EF

SUMMARY OF THE | NVENTI ONBREBE SUMNARY QE FHE INYENBYON, ovi des
phar maceufgo¢ ff %Hggx%l?@iﬁ'u?\leh m&@ﬁm‘e@ hzﬁrﬂ{ag%ﬂtﬁaf emassgwa& Yldnlit#€ mMesoporous

mat eri al s or conpoSitions possess surf reas and | arge pore
vol unes aﬁ)rmxkatlpnseuhaismiliza mmopcaous mstpaals o1 cmhpaoslitmnsuwmtch possesy leglpr epar ed by

t hod f n roce t.o prepare a active
"o ed: entistict Ated e B AR e o i o2 P e B RS SRR wi ¢
hi gh hpnogepatd Yy mleddULbs &Sﬁn@b!@&sgfa? deyifig Efﬂ%@é@'t@%&tparetdﬁﬁo B@lfsea@ﬁvé nvention

provides a pharmaceuti cal osition,” conprising: a substantially

wat er - i nsmgmﬂle@tSpwardmc@@ntra@atd mcthg v@nqsr:gd auisepnroussahdnielsreitbphighous
conp05|t|9qnh%ga? a plurality of nanopores, wherein the substantially

wat er - i nsol ubi e Bﬁarnaceutical active ingredient is sprayed-dried together
with the nesoporous conposition to entrap phar maceuti cal active

i ngr edi ent00#k hi's stde imensosehadimentothe @}CSPIH lemlan Rroyddss rharmgaeediiedl phous

form of the Aot ecdnng ent is kept very stable by confinenent in the
nanospace. fﬁ% Srébgﬂgﬁﬁg% process is both reproduci ble and can be

15 a substantially water-insoluble pharmaceutical active ingredient; and

a mesoporous composition having a plurality of nanopores, wherein the
substantially water-insoluble pharmaceutical active ingredient is sprayed-dried
together with the mesoporous composition to entrap the pharmaceutical active

ingredient within the nanopores.

20  [0013] In certain aspects, an amorphous form of the active ingredient is kept very stable
by confinement in the nanospace. The preparation process is both reproducible and can be
easily scaled. In certain aspects, the present invention overcomes product instability

concerns and manufacturability issues of current solid dispersion methods.

[0014] The present invention provides novel formulations and methods to improve the
25  dissolution rates of poorly water-soluble active compounds, in particular active
pharmaceutical ingredients (APIs). In certain aspects, a straightforward method of co-
spray drying an active ingredient with a mesoporous material or composition is
reproducible and can be easily scaled for commercial production as compared to other

solid dispersion technologies.



easily scaled. In certain aspects, the present invention overcones product
instability concerns and manufacturability issues of current solid

di sper si onormetonso®7 [ 0014] The present invention provi desTsceal9/000053
formul ati ons and nethods to inprove the dissolution rates of poorly

wat er - sol ubl e active compounds, in particular active pharnmaceuti cal

i ngr edi enf091§APIAS)sucH, rin assthariembadmeait She presént anvghtidw pwoaides aetdiast ok cospr ay
drying an active ingredient with a neEoporo s material or conposition is

r epr oduci PEBAYIA geFutisd;cpippesitiprdhg et gﬁﬁﬁW@F@B:production as conpar ed
to other solid dispersion technol ogi es.[0015] As such, in another

enbodi nent , t hadmixeweniubstantéally watepinealiible pharnmstitom! faive pngpdientngitiaa
pharmaceutical conposition, .t.he nmet hod, c ri.sing:. adm xi. a substantially
Nater -1 nsol ubl BEHIRNHCRTPPElrs LTS APIFIHRaT BHITRIS i & HECK TR o
conposy ti on hamiGredfRbMERLIdnd Of nanopores in a suitable solvent or

m xture of solvents; and spray-drying the substantially water-insol uble
phar maceuti cal g i agr edi ' 1 S - sition.to entrap
Phe. phar mcout st i ESRRLRRNE R RIS ARGRLRGEATRER ieRdidsd

produci ng sai dwjiha@iemaespbioustorapsgiisi toientrap [HGhaimddeutie haive ihgietiences, the
substantially water-jnsol uble pharmaceutical active ingredient is a nenber
sel ect ed from WHhigsa1dwappores, thesshyi p5gdusingsaidyphasmaseuticgl coatpepisien or

chol esterol -reduci ng agent, an anti-inflammtory agent, an antimcrobial, a

decongest @ft16Janth eantaaninstanets athe sehstan@olly vaiEhaselubhdpletineccutisgacties  obj ect s

and odi nents wll beco re apparent. when read. with the fiqures and
ot i ed HECOITHE HCRAT SR BT I RLA S PR o e 6t s
[0018] FI &olelste'réll-x‘égﬁdiﬁ’% Sfenfliaf 304 A ORS AdeBS aRfinBRIRYLIA h AdcdnbaAf en
with SBA-15 (50:50 wt.% and conpared with pure ibuprofen crystal powder.
[0019] Fland ap gnfihistatige.es XRD patterns of co-spray-dried i buprofen with
mesopor ous SBA-15 after storage at 40C 75%H for (a) fresh (b) 3 nonths,
(c) 6 nonobs7] ( Thest@ndotlichaspets)objettaandt dnshodanehts Will Becwaid hole appagehe of
commerci al , i buprofen crystal. %9020] FIG. 3 illustrates XRD patterns of
co- spr ay- Whsnegad piththt Bneppndidstaiked descipgpn gehich follows.

15
BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 illustrates dissolution profiles of spray-dried ibuprofen with SBA-15
(50:50 wt.%) and compared with pure ibuprofen crystal powder.

[0019] FIG. 2 illustrates XRD patterns of co-spray-dried ibuprofen with mesoporous
20  SBA-15 after storage at 40°C/75%RH for (a) fresh (b) 3 months, (c) 6 months, (d) 10

months, (e) 12 months; and (f) a control sample of commercial ibuprofen crystal.

[0020] FIG. 3 illustrates XRD patterns of co-spray-dried ibuprofen/SBA-15 after storage
and compared with samples having 1 wt.% and 5 wt.% of commercial ibuprofen crystal

added.

25 [0021] FIG. 4 illustrates a SEM image of (A) spray-dried SBA-15 submicron particles
and (B) co-spray-dried ibuprofen with SBA-15 (50:50 wt).

[0022] FIG. 5 illustrates a SEM image of spray-dried ibuprofen (Sigma).

[0023] FIG. 6 illustrates a XRD pattern of spray-dried ibuprofen (Sigma).



and conpared with sanples having 1 wt.%and 5 w.% of conmercial ibuprofen
crystal added. [0021] FIG 4 illustrates a SEMimge of (A) spray-dried
SBA- 15 swoieroasogarticl es and (B) co-spray-dried i bupr eCesGaiwno®Ba- 15
(50:50 wt). [0022] FIG 5 illustrates a SEMimge of spray-dried ibuprofen
(Sigma). [0023] FIG 6 illustrates a XRD pattern of spray-dried ibuprofen
(Si gma) . [ 00024] MHIG. 7Tallidttatestar BEMsmagd EMbupmde afspripupried with SBAsps ay- dri ed

w th SBA-15 subm cron .(Jeft:. high magnificatign, right: |ow magnification).
[0025] FI é%‘sb’%“’fcl“l @?ﬁﬂa&@a@a@éﬁoq’&g ik %ﬁ’tﬁ%@w’f})r ofiles of
co-spray-dried i b%zr ofen with SBA-15 (50:50 wt) and conpared with

commer ci all0025]pride illustratas tehlgtsforn disselutior profil3®Z6p-splag-drediibumusfenat es

di ssol uti il i ray-dried, i buprof enl -1 5 with different drug
oad ngs. SHHBHSL 5030 R P AR arE: B Rn BT intoin St siysrasffe Bm
spr ay-gjri ed i buprofen/SBA- 15 wth different drug | oadings of 25% and 75%
[ 0028] ° FI $9026] iK1, diiflustrates disgplution prafides qf spraytdsiedfibymsoisndBal SpAth 15

-dri ' ' o€t hanol . [0029] FIG 12A-Billustrat
spray-dri %Qféf&égﬂéllga‘%gé% %@E‘%‘% %di/oe anol . [ ] illustrates

SEM i mages o fferent sizes (A micron particles up
toten m ; B nanoparti cl with size of 200-400nm . [0030] FIG 13
depicts tﬁ@}gf sﬁputlﬁgﬁ'%ﬁf‘@?PI@%Paﬁt%ﬁﬁfﬁﬂréﬁdé‘ B HEBay- 1 hwehka- 15
particl esdgferdhtli l%ﬁldinésj 5% hiPel, FIG 14 illustrates a XRD pattern of
formul ated i buprofen formulated with SBA- 15 by ball mlling, inpregnation

pray-dri SNePha6e £hifshied R dlBss el Slisp bl Al Soamatieddr m and a
conpatd sodiffrdrid amauwnts b emeiadlaci n crystal . (900 nL of pH 6.8 phosphate
buffer, 50 ng spray-dried i ndonmethacin with SBA-15 in powder form or tablet

wi th 800 2P ﬁh@ifﬂgfhluﬁr&gpsgﬂﬁ v Ieir (Ziy%]%&)ﬁ%tp%ig gsror}qéﬁ er%ét srf'%)rs gé[\[ 0033]

FIG 16 illustrates a ssol ution pro spray-drie enof’ e and
conpar ed wii¢rbn pamiies ap &b tehemiofdnky Bt eandpditiesIwith size efgb0W00n0 L of 0. IN
HC with 0.5% of Tween80; 20 ng of fenofibrate and equival ent active

i ngredi enjoo30] SP1EY 1318é5es HRNAEORRLSrofile of ibuprofen spray-dried with SBA-15

particles of different sizes.

15 [0031] FIG. 14 illustrates a XRD pattern of formulated ibuprofen formulated with SBA-

15 by ball milling, impregnation and co-quench.

[0032] FIG. 15 illustrates dissolution profiles of spray-dried indomethacin with SBA-15
in powder form and tablet form, and a comparison with raw indomethacin crystal. (900
mL of pH 6.8 phosphate buffer, 50 mg spray-dried indomethacin with SBA-15 in powder

20  form or tablet with 800 mg cornstarch at 1 ton press, raw crystal form is 25 mg).

[0033] FIG. 16 illustrates a dissolution profile of spray-dried fenofibrate and compared
with commercial fenofibrate. (dissolution medium: 900 mL of 0.1N HCI with 0.5% of

Tween80; 20 mg of fenofibrate and equivalent active ingredient in spray-dried fenofibrate

are tested at 30°C/100 rpm).

25 [0034] FIG. 17 illustrates a SEM image of spray-dried indomethacin/SBA-15 submicron

particles.

[0035} FIG. 18 depicts the SEM image of spray-dried carbamazapine/SBA-15

submicron particles.



are tested at 30C/ 100 rpm. [0034] FIG 17 illustrates a SEM i nage of
spray-dried i ndonet haci n/ SBA-15 subm cron particles. [0035] FIG 18 depicts
t he SEM iwage1loiso®pr ay- dri ed car bamazapi ne/ SBA- 15 subm @Co$G2009/000053
particles.[0036] FIG 19 illustrates a SEMinage of spray-dried

ur sodeoxychol i ¢/ SBA- 15 subm cron particles. [0037] FIG 20 illustrates a
SEM i nage [636} prRIG- dPiilbdtrhena SEM ahsleSBApAY-drledrirsdesxypaslid/SBasls [ 0038]

FIG 21 illustrates . a XRD pattern of co-spray-dried nmesoporous SBA-15

subni cr on SPARICTO RAELGIES h (a) car banazapi ne and (b) indonethacin after
storage at 40C/ 75%H for one year. [0039] FIG 22 illustrates a XRD pattern
of co-spr #803d} i &G dpstrates a SBM fibageudfspray alried derdfibrate/SRIAL-hS §iimicron

fenofi brate _.and (b) ursodeoxycholic after storage at 40C 75%H for siXx

nont hs. [B@ﬂgF&FIG. 23 illustrates TEM i mages of nesoporous carbon revea
their morphol ogy and pore structure. [0041] FIG 24 illustrates SEM i mages
of mesvpoltW38] cdlbeRl dhngtrates 8 FRLY pattdrm dbeespragidniedinehoppesisfBAUS car bon
(50: 50wt ) 42] El 25 jhlustrates a dissol.ution.profile of powder form
Spray-dr SRS RS it RATRLE B st B Buthe AR ARt < Ga8 #°of pr . 5
phosphat e4@nd/7$%RHofor 68 @far.spraydri ed i ndonet hacin with nmesoporous carbon
(50:50 wt. %, tenperature 37 C, stirring rate 100 rpn). DETAILED

OESCRI BT {a6F e, bIMFMEEN, kp DRI 3 Q0982 géﬁﬁﬁ%%%‘%é of a mean

conpositi S use erei n 1 ncludes a porous” so
di anet er sfbnaitrohgasiclabath (a2 famofibatadriub) bBodsoxyiidtiznftdr sompent’ as used

hereip, in mean of substantially all the pore dianeters in the
conpo ti%@&gféﬁkgﬁb?ﬂérWﬁ?m% "substantially water-insoluble, " "poorly
wat er - sol ubl e” and "i nsol ubl e"

[0040] FIG. 23 illustrates TEM images of mesoporous carbon reveal their morphology

and pore structure.

[0041] FIG. 24 illustrates SEM images of mesoporous carbon and co-sprayed

indomethacin with mesoporous carbon (50:50wt).

15 [0042] FIG. 25 illustrates a dissolution profile of powder form spray-dried indomethacin
with mesoporous carbon. (medium : 900 mL of pH 6.8 phosphate buffer, 65 mg of spray-
dried indomethacin with mesoporous carbon (50:50 wt.%), temperature 37 °C, stirring rate

100 rpm).

DETAILED DESCRIPTION OF THE INVENTION
20
I DEFINITIONS

[0043] A "mesoporous composition" as used herein includes a porous solid having pores
of a mean diameter of at least about 2 nm to about 50 nm. "Mean diameter" as used herein

includes the mean of substantially all the pore diameters in the composition.

25 [0044] The terms "substantially water-insoluble," "poorly water-soluble" and "insoluble"
include active ingredients which are insoluble, practically insoluble or only slightly soluble
in water as those terms were defined in the U.S.P., Remington: "Pharmaceutical Science,"
18th edition published by Mack Publishing Company and as used in the industry. In

certain aspects, a poorly water-soluble compound or substantially water insoluble



i ncl ude active ingredients which are insoluble, practically insoluble or
only slightly soluble in water as those terns were defined in the U S P.,
Rem ngt orwO™2Phizoseseceut i cal Sci ence,” 18th edition publi fheschgoovb@iss

Publ i shi ng Conpany and as used in the industry. In certain aspects, a
poorly wat er-sol ubl e conpound or substantially water insolubleconpound is
pr ef er abl gompeurtday praferablyaina thaving v sofubyityl 6f §/10 .g/L,nin partichlatkarg/k abd g/ L and

particul arly. preferagbly < / L. of ter, (at 25C). [0045] The phrase

"havi ng i Hﬁ&’ﬁ@lé y\%‘%b%‘ia\bllé'o? tﬁﬁf ?Q‘Vate‘%,\(%:?{]&és enbodi nents wherein a
substantially water-insoluble drug as nentioned above can be used as a
phar maceu{0Mal prhedhease Bhavangisnpibvedowater salubality Frstchuits bybpdiprentsenten¢inaf its

sol ubility i er.. Specificall it.refers to the state that the

sol ubi I i t %“‘?Sﬁa“v\‘%ﬁye?va‘e?{ RO hible Syt E‘ef‘%}e&?@awi Gt & t phagaciigtler apl y
about 30 pigdest byeasuaDfoemlatibe hitkod biAfhptdveRenOsf iloRubikiyRe wabtg. et hods
descri bed herein. [0046] The term "anorphous” i ncludes conpounds having no

par ti cul aPPggifienllycH sefarstte the siafe thaf thegplusility it water at about 2KC indraproved at e
structure i Gh: | l4i t r ph for usi ng
the- amor phAats Sk, Afer i 3bc 10 Baes ME hciooRb LI &) BHRLAIRNS il e 0% e
di ssol ut i erthods desefibedberaimit | ve i ngredi ent over its crystalline form 11.
EMBODI MENTS [0047] I n one enbodi nent, the present invention provides a

phar maceufg ERSS vtalngﬂp' LSIkO&, I g i |l e
phar rraceu!qogg g‘glti ve ingr e%(iﬁlg‘g?{CIlglﬁﬂ&? %e@gggéﬁﬁ%hghﬁlgg\lﬁ% iﬁi%ﬁ ‘ﬂ%@{."t\%’ a

pl ur al@ t y patfermangipwturs j.c wae imgleterminatesstibstuemnwhizh lisnotatestal limes dDudiloghe
phar maceut i cal active_.ingredient is rayed-dri ed.toget her wi.th the
mesopor ougta@S ApLRoLS fo “élﬂ%?%epa‘?%ﬁ‘gﬁéfaﬁ%@&ﬁ REAN lggte frat Y"ng edi ent
Wi t hi n t heighidid@Rbl &handeBd 8]ssluttbrifite/dth€hdtivefingedibveP HE BFLE@NNS féthe
suitable for use in the present invention. Suitable active ingredients

include, yyt hoﬁ?vn%bﬂﬂsféﬁ?g’ ant aci ds, anal gesics, anti inflanmatories,
antipyretics anti'brotics, antimcrobials, |axatives, anorexics,

anti hi stam nes, antiasthmatics, antidiuretics, anti-flatuents, antim graine
agent s, bl[M9HThi dabse épbatiments thepepenidesentiohipgonides aaphardesutiedlc. )

ant i -7 asnodi cs, sedatives, antihyperactives,
composition, comprising:

a substantially water-insoluble pharmaceutical active ingredient; and

a mesoporous composition having a plurality of nanopores, wherein the
substantially water-insoluble pharmaceutical active ingredient is sprayed-dried
together with the mesoporous composition to entrap the pharmaceutical active

20 ingredient within the nanopores.

[0048] A wide variety of active ingredients are suitable for use in the present invention.
Suitable active ingredients include, without limitation, antacids, analgesics, anti-
inflammatories, antipyretics antibiotics, antimicrobials, laxatives, anorexics,
antihistamines, antiasthmatics, antidiuretics, anti-flatuents, antimigraine agents, biologicals

25  (proteins, peptides, oligonucleotides, etc.) anti-spasmodics, sedatives, antihyperactives,
antihypertensives, anti-cholesterols or cholesterol-reducing, tranquilizers, decongestants,
beta blockers and combinations thereof. Fenofibrate and atorvastatin are particularly

preferred in accordance with the present invention.

[0049] Substantially water-insoluble pharmaceutically active ingredients include, for
30  example, cardiovascular drugs, e.g., cardiac glycosides, clofibrate and probucol;

8



anti hypertensives, anti-cholesterols or chol esterol -reducing,
tranquilizers, decongestants, beta bl ockers and conbi nations thereof.

Fenof i br awe 2ardbseteor vastatin are particul arly preferredprch/saeoondeize Wt h
the present invention. [0049] Substantially water-insoluble
pharmaceutically active ingredients include, for exanple, cardiovascul ar
drugs, e. gypog(l?}&fed‘ll@.drugb,)sem‘:&ivdﬁﬁyprﬁ)ltl@i ey Aaebifudstef a0 ustdpiloytge. ycem ¢
drugs; sedaglves/hypnotlcs ., barbiturates; and antiepileptics, e.g.,

car bamazef %‘naﬁbﬁe’r’?ﬁk’lﬁ“%foé%h@dpﬂ’r@ﬁ%o&i psyGholRbRBNIcelogicREsBISTl ¢ agent s
e g » Per P%H%&ﬁ‘l@’ an% Lig &t rétné ARV 1'nﬁaﬁlﬂgltcﬁ’?ta%edt§1f 'éap]lz@fog{ Ly, agents,

napf o oxyco one and T ndonet hacl A eopl rugs such as
aI m t ri nepxmdomﬁndnndmmd:iha:lim antiﬂfeop]sste;r@mgs' sm:h(as alnaginet atdeantinmicabiady dance

with the present jnvention, ticul ar erred cl asses of. ol ubl e

dr ugs 1 nc e ehnbiegaeinesluly Ingroaidhocs wBR fiei e oy Pty

antimcr Opfefén?ed d%%ﬂﬁ@x%ﬁibﬂédﬁ@&n@ﬁidb%lg’ég’wea%tlp}r@ﬁ'&r %tﬁ&ﬂaﬁnﬂ%ﬁy‘ cularly
preferred in accordance with the present inventi on. [0 O her drugs or

bi oact i veagegbrntmupbials| decougestahts qudes@lmstamwnﬂbmrofpmﬂ miecmrést hetics

such as b n|I aln f omoe | | i docai n rilocain, tetracain und
et om dat ebll%? it b| ofclot’r:%angﬁgﬁt { é?r(%% gWSP‘iﬁ rpf osm dorryC| n and rifapentin;

anti hypertensi ves such as_m noxidil, dihydroergotoxine and endral azi ne;

anti hypot E’&§Phe9t%<ﬁ@ﬁuersorarqayfdveo%ﬂegetsaﬁabieforélwspr@mné inysniion/@ekides such as
ket ocmwaza{e@thegescﬁ%@a%ﬁwﬁngd Q' %eélrr' leoQamapxtrfopenh grrasctarnca}d%r&%m%%e
i ndonet haci n IC enac upro ket oprofen an prrprofe

antrviral
agent s sualtibisticacuai szosfpmvmdafoabmdmmymin aridmfapgitab ahtiliypsiterAGkes isidhi d3i t or S

such as capto d enal a ril et abl ockers such as propranol ol,

at enol ol mﬁ%"t"g‘{il’é}f}@ TOCHROY %"f‘nd ?55%511%’6? antibypgtansiyes %Cglas br onchodi | at or s
such as '@ih?&’b@:%btbﬁ?ﬁ@@&ﬁ@mfé%tﬁ@%ﬁés@uch Gk &GbHIMANE FRBASR AHCh as
diltiazem ftlunarizin, verapam |, nifedipin, ninodi pin and nitrendipin;

cardi ac ggwoﬁal‘desammbmagcmtghta@md@medragw ii]oferschaphiptiogax ketogrefen and

acet y]di gox uch as._cefti.zoxi cef al | otin and
cef otiasgl “%:r;‘} egS%rR V?rggg%g{shsuas chi c(%(r“r%’tvrlr %abl{%?ﬁ%}%‘%ﬁ%ﬁh&?s’ﬁ ranmbuci |,

cyt ar abi ninhibiteey sush amcapm;irmay@em@nldwmwmew sich bd propaaabll, atdnspllat i n,
t axol , pencl orredl ne and estranustin; gnotl ¢s such as flurazepam
¥

nitr azepa‘P?F%?ﬁ @%P‘&Q‘é‘ﬁéﬁf‘mﬁ?]@h%‘tdrléb‘?télo didatorasuchaszepam di azepam and
br omaz epajg &R rImi 448 @Sﬁreﬁﬂf&léﬁm%ﬂfargbﬁ@@%uch as diltiazem, flunarizin,

verapamil, nifedipin, nimodipin and nitrendipin; cardiac glycosides such as digitoxin,

20  digoxin, methyldigoxin and acetyldigoxin; cephalosporins such as ceftizoxim, cefalexin,
cefalotin and cefotaxim; cytostatics such as chlormethin, cyclophosphamid, chlorambucil,
cytarabin, vincristin, mitomycin C, doxorubicin, bleomycin, cisplatin, taxol, penclomedine
and estramustin; hypnotics such as flurazepam, nitrazepam and lorazepam; psychotropic
drugs such as oxazepam, diazepam and bromazepam,; steroid hormones such as cortisone,

25  hydrocortisone, prednisone, prednisolone, dexamethasone, progesterone, pregnanolone,
testosterone and testosterone undecanoate; vasodilators such as molsidomin, hydralazin
and dihydralazin; cerebral vasodilators such as dihydroergotoxin, ciclonicat and vincamin;
ubiquinones and their analogues such as ubidecarenone and atovaquon; lipophilic vitamins
such as vitamin A, E, D, K and their derivates; insecticides, herbicides and pesticides such

30  as acephate, cyfluthrin, azinphosphomethyl, cypermethrin, fenclofos, permelthrin,

piperonal, tetramethrin and trifluralin.



hydrocorti sone, predni sone, prednisolone, dexanethasone, progesterone,
pregnanol one, testosterone and testosterone undecanoate; vasodilators such
as nol si deointo/dsysdral azi n and di hydral azi n; cerebral vagodisiGaomrgossich as
di hydr oergot oxi n, ciclonicat and vincam n; ubi qui nones and their anal ogues
such as ubi decarenone and at ovaquon; |ipophilic vitam ns such as vitamn A,
E, D K apdstheid cdin dptas,thé itsehiigiydester-iRbRibR flasmakdig@sétvel des such
as acephate, cyfluthrin, azinphosphonethyl, cypernethrin, fencl ofos,

per mel t hr ingredising srRspssnt ingthe comRASHIANAL ahentiOr 1% liabaut A3 feouv praferablys atai n

aspect s, L 2435 300 B04e/wABLR] mbRAALARING, PR AIRABH! L GBbuAEY Yfy! NOT edi ent

is present in the conposition at a out w'w, ~preferably,
at about %+t o0 about 60% w w a nore preferably, at about 30%t o about
50% W W, f“gé%lz] The @C%twswﬁﬂfg Pg&e@ﬁﬁen_ Vemion Bl fagFticak

pr ef erabl yiRh ?ﬂg{f@(ﬁ@rﬂg.' 8we A& th¥ ctinGhSRUR AL Snc VBN 8 hendid aRE le}fﬁlt%\

i ngredients include agrochem cal and Specialty chem cals as
Mesopor oushelrcads asawvell.[ 0053] In certain preferred aspects, the
pharmaceutical conposition of the present invention utilizing a nmesoporous

conposi tion isAsel evlegshdro@sMaterigls oup consi sting of silica, carbon,
al um na, carbides, suicides, nitrides and oxides. In certain aspects, the

mesopor ous conpasi ti gn caonprjses an oxide, such as a silicate. In certain
pr ef er r edl0833ectlB ceittip PrateEsslaseeds. dhsphsamasceyticalsomppatipraf the orsseMe group of

MCM 41, =195, . a | 2Bhe NV bei ng

especialwgu%ﬁg?ggﬁgg%%ggggﬁggng%- eaﬁygfggf&%&Qﬁgema%g?@qgﬁenlgﬂ%‘

| nt eritiat | ohed, ca&gtion,iabumind Gearti8es8siticidbs Bitfide0and) axidd30 Tl tertan aspectaghect , t he

mesoporous material is.within the NB4% fam |y, havin re%ula re size
G- e pe

r (0]
di Stri but TEIPPIRYS CURROBROLCATRIFES Ao SXie Ve PLASBER S BHCSRRIAERHCd0 nm ( see,
G esl a etaspbots, MEMBRPORIS cbﬁgaﬁﬁérpg%eive&@ (ﬁ;rog‘z&fe g%&ﬂp:&ﬁ@cM-l?ﬁ%%\A-mn

certain aspects, SBA-15 can be synthesize y a nonionic po sur f act ant

and has sitds METH MU and 6MK13y wath Sibh11520d MEYe4 bbeiag espediallp pritferved | s.
wal 15 o A S BT e B VRl A e g R R 465485 T35 cn e
t he pior ouQoomp.erials nodifiable with different surface functional
[0054] In one aspect, the mesoporous material is within the MS41 family, having regular
pore size distribution that can be systematically varied between 2 nm and 10 nm (see,
Ciesla et al. Microporous Mesoporous Mater. 27: 131-149 ( 1999)). In certain aspects,
SBA-15 can be synthesized by a nonionic polymer surfactant and has mesostructural
20  diversity as well as large pores and thick walls. The pore size is adjustable up to 30 nm.
The large surface areas of pore walls are occupied with high concentrations of silanol
groups, which make the porous materials modifiable with different surface functional
groups. Thus, the absorption properties are adjustable for different purposes of molecule
hosting. In certain aspects, the mesoporous materials have surface areas of about 300 to
25 about 2000 m?/g and more preferably have specific surface areas of about 400 to 1200
m*/g.

[0055] In certain preferred aspects, the use of mesoporous compositions enable the use
of the amorphous state of one or more active ingredient(s). The amorphous form of the
active ingredient is stabilized in the nanosized mesoporous structures even under stress

30  storage conditions.
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groups. Thus, the absorption properties are adjustable for different

pur poses of nolecule hosting. In certain aspects, the nesoporous materials
have surfwoeosv@ses®7of about 300 to about 2000 nR/g and momrsGpemioesdbl y have
specific surface areas of about 400 to 1200 nR/g. [0055] In certain
preferred aspects, the use of nesoporous conpositions enable the use of the
anor phous [)56] e Intertme aspectspthe meesoporeus cugupeditienths) parfinke siavorfabout. f or m of
the active ingredient is stabilized in the nanosjzed nmesoporqus structures
even understPrg%Q%t @d’r‘%g‘geft&@%bi the rsOpRIBBBIOMBPstionhas A Padisleyize ofiabgut
mesopor ou qﬁgp [ s, ril L . ut; 100 mm
preferabl?jt e ﬁ%%%%§Q8US g@ﬁ%%g#??%ﬁbﬁgéﬁgg%gﬁ?ﬁgF%Rg%gﬁﬁ%%ggﬁgﬁﬁﬁg_3 nmm

to about b5ige BfatwNE0 Qe tPiRfueB@RhY , Fdrlile prREEIBOWRN Sod RRPMSIPHoEyNRE a

particle size of about 0.5 mmto about 30 nm For the particles with

rod- | ike diemsteslobte, partindesdi abmtt €1 wh to Aoy 4P tint hrsbmprs prblsablyy the nm t o about

50 mm and nore greferabL t he nmesqpor ous, co ositiog h%ﬁ a nean di aneter
ﬁla %u,t Hrgn

about 0.ZHWﬂﬁFB1§585P0§8Xﬂﬂ?3165§7 gtez abeuliVrf adee MeSOpOor ous

conposition conprises a plurality of pores having a nean diameter of about
1 nmto abi¥a¥] 1d0certain pspeéterthd mesoporousrompositinn dompesesra phirakitycftpotess nm t o

about 50 pm.and nore. preferaply . having a n di apeter, of. about 2 nmto
Sbout 30 MRS pias Siefiefersl APt SRR o e TCHm hBFEREY hnd Mebhmosi ¢ 1 on
conpr i sesdiamptedbhbduy 13 nid @5 f5ouh 8Y hiGand Mdre ProfSlablFha0ingaaedn faReen8f g to
about 4.0 cnB/g and nore preferably, a nean vol une of about 0.8 cnVg to

about 13, 0akays2@m 1B abpui ed Rel ease [0059] In certain aspects, the
formul ati ons of the present invention deliver a drug at a controlled rate
(e.g. susflas8kd]n peralinohedsspects, ehdimdsoporaricamgedtisret@apises alpluralitya@fft en
practical to gggi n dosage for a conbi nat;i on of the éor?going

t use
mechani snBOTEY R AR vomeiRt apastith eEZe (st O 8% Seang mpie pelepbly, a

par ti cul apmeg¢idumeioRGhRA M Em® /4 to Mot 3 0&ngAdi |y recogni zed by those
skilled in the art that a dosage form construct that offers multiple

nanopor es, such as [1.£X |l e a plurality of pore sizes and volunes, is
particularly a Vant&@@g@§ﬁg§¢a$%s flexibility in providing a nunber of

di f ferent mechani sns
15 [0059] In certain aspects, the formulations of the present invention deliver a drug at a

controlled rate (e.g. sustained, prolonged, extended or retarded release). It is often
practical to design dosage forms that use a combination of the foregoing mechanisms to
achieve a particularly desirable release profile for a particular active ingredient. It will be
readily recognized by those skilled in the art that a dosage form construct that offers

20 multiple nanopores, such as for example a plurality of pore sizes and volumes, is
particularly advantageous for its flexibility in providing a number of different mechanisms

for controlling the release of one or more active ingredients.

[0060] One objective of modified release dosage forms is to provide a desired blood
concentration versus time (pharmacokinetic, or PK) profile for the drug. Fundamentally,

25  the PK profile for a drug is governed by the rate of absorption of the drug into the blood,
and the rate of elimination of the drug from the blood. To be absorbed into the blood
(circulatory system), the drug must first be dissolved in the gastric fluids. For those
relatively rapidly absorbed drugs whose dissolution in gastric fluids is the rate limiting step
in drug absorption, controlling the rate of dissolution (i.e., drug release from the dosage

30  form) allows for the control of the rate of drug absorption into the circulatory system of a

patient. The type of PK profile, and correspondingly, the type of dissolution or release
11



for controlling the release of one or nore active ingredients. [0060] One
obj ective of nodified rel ease dosage forns is to provide a desired bl ood
concent r avpanivso®as ti ne (pharmacoki netic, or PK) prof iPlCe/SiGaeostonessir ug.
Fundanmental |y, the PK profile for a drug is governed by the rate of
absorption of the drug into the blood, and the rate of elimnation of the
drug fronprofide gdsredi.dePendsenatmnongdetties factors; He pattoothr @ctivecingmtent; they st en) |
the drug nust first be. issq%ved.Hn.t%e %$§trbc quidi. For those

rel ati vel PEPUSFUIS, ORPOSIRR AR PRGiOlopE Sopilien peipg BratF % gastric fluids is
the rate limting step in drug absorption, controlling the rate of

di ssol ut i Y961} . &ne partigylarky| desisable Phrarefile iviashigyed by ridpsagel foms tapdelivees a
control o r-at i hntqg the.circul ato S em.of a
ot ent . IR ERAE FispHlisH AR BIAh Ra et B Bt GHBlAloke S A hBhn

di ssolut i dre dosagedbeaajplait fer Lasideeaminde pigittiied bontadiRO fAid@sagafi@r s, t he
particular active ingredient, the nesoporous conposition and physi ol ogi cal
condi t i onbhafiAwidimedivna gsuch g Eriexamplepaifariingsstion Yy theprtien dhprelay geiiod | s
achi eved : i dj jjon
A s Sy A D T e S L
formis dblraykdr bpsusaipedpiadegad] eraendeid e rafatded) cdeusaof thagctife inpeditasage

formby aliquid nedium such, as r anple, after jngestion by the
ot ent . AR g st e o Giian B e OrLTIEE VHEISDY pr onpt
rel eage OforhbiRatifil df\fesbpaoadinaRtials, &eﬂvey@gﬂed}eﬂ@g]v'&ﬁeth&ran&yplﬁﬂ%a! ned
(prol onged, extended, or retarded) rel ease of the active ingredient

(" del ayedcrysfaling) andedopiegs) . These PK profiles can be engi neered using
vari ous conbi nati on of mesoporous materials, active ingredients (whether
anor phous[0062cr Yisierald appctanbe pRedrt MgentihdPBLides forfrildtidhH whsieRCd portibhe
present invention provjdes formulatigns wherein a portion of the APl is
anor phousCHAE AR &t deerPeys and anether pratiopet the Addysserystalline. The APKPRay hay be

the same @ &l bedifffent.! M il RalfRlM amdiBRoATRP AIUTATIBAR, Ah&Bl e
rel ease, whereas the crystalline formis released-sl , or1s a
cont rHl | ectystallisa$@m Foeleasedsspivdy, ans anortphledseldaseg Foaexaneple,aadatrpivushe

pore vol u whereas the, crystalline particles n be .autside the

Tesopor oLUiEl P oael Bapt YR ‘Bl vRBES IRl BRHCE Fr i B fetEne
drug, whemespotdu€ nfuinst B dektal ibedithént2 AR AB6rpHo WD ortidh BNk A, Wheteafices,
the solid dispersion described herein exists exclusively in an anorphous
form the crystalline drug is another drug. In certain instances, the solid dispersion described

herein exists exclusively in an amorphous form.

20 [0063] In certain other aspects, the active ingredient of the formulation according to the
invention is contained in a mesoporous matrix as the crystalline form for delayed release.
The architecture and volume of the pores can be modified in order to achieve a tailored

release profile.

[0064] The active agent, either in a crystalline form, an amorphous form, or a
25  combination thereof, may be modified to form delayed release granules. In certain
aspects, the granules are coated with a coating layer of a dissolution-retarding coating. In
their uncoated form, such granules are rapid release granules, which release their content
more rapidly than coated granules. The dissolution-retarding coating may be a polymeric
material, for example an enteric polymer (the term "enteric polymer" is a term of the art
30 referring to a polymer which is preferentially soluble in the less acid environment of the

intestine relative to the more acid environment of the stomach).

12



[0063] In certain other aspects, the active ingredient of the fornulation
according to the invention is contained in a nesoporous matri x as the
crystal | iwe 2bovosof9er del ayed rel ease. The architecture aou/Seaboeeooss the
pores can be nodified in order to achieve a tailored rel ease profile.

[ 0064] The active agent, either in a crystalline form an anorphous form
or a conbi0es] okExamptes of entepy pllgmeodinéludelcelmldso apetate Iphthathte, eblbdese gr anul es.

I tai t th ith t] I f
i ssol ur 1 S5 RES iy MEAegloSt afbrlafer Shifhadicitcduie bl Aot es ar e
rapi d rel gal§ingladBtleGhthatid, polyval PR PrateiRbfates Oty PRlet AR bR @R Yidé han

coated granul es. The dissolution-retarding coating nmay be a polyneric
mat eri al , corRlynaszapipreacanplein manpeesiso Fgmabym¢n methyé aerylatmmethacryfolgider " is a

termof th rt referri to I r ich.is preferentially soluble in
the | obs oherhert bt b ReB APRLodY] s6Par e Bir BT P Beutke” SHHESE

envi r onmeedn 8 used eithdrarome b} il &S hatonaMHeeatedic cOMiRY may BIRb YBhide stdiell ude
cel lul ose acetate phthal ate, cellul ose acetate succinate, nethylcellul ose
pht hal at e?ndé?‘tﬂﬂxFWHr oxycel | ul ose phthal ate, polyvinyl acetate phthal at e,
pol yvi nyl butyrate acetate, vinyl acetate-naleic anhydride copol yner,
styrene- nHI0ébL Porferrebdrgericcapthy materiatverrditte caomydraby aedilhblerFudagati d

copol ynmer, nethacryl ate-nethacrylig, aci d-octy acrylate ol ymer, and the
| i Ee. yThe?&eré%Plo Kg%ﬁswhé‘?m'é‘ﬁaéf neégl"g‘iaﬁltg}glrrﬁli“ﬁx ydgagit I%ﬁgp‘é??ggfth%r coating
may ajGo hibRé HORitR b Plaehiciadtd/sekh B8atinkk Bre 1{091%91 appiRf 85D IRl EMEGuRORRd NY

materials are the comercially available "Eudragit” enteric polyners, such
as " Eudr atiietnatute yf the plagidgizayi depsids) tpoarwhetiien dreamediuiEs aquieous exdna-advepusal one

or with a,pl icizer. Such, coatings,are ngt.mall w.appl.jed usiég, a.liquid
medi um aﬁgu@é P ?\aasl 'ures ot ﬁfdﬁé’r%qyéesrgi%?lczog?r, D%‘gﬁg?\%gs dﬁ@dﬁ"&ﬂ‘e@%er@% Ynedi um
| S aqueousietty] biratesiueebiriehyl eidtate) PNagsquebdeplasticivetiglelupe eHeyd, an@agbycol or
"Citroflex(r)" or Citroflex AZér)" mainly triethyl citrate or acetyl
triethyl g¢rtiyhinddibagghehibaaigenddibutylsebasats. | ncl ude these, and al so di et hyl

and di butyl phthalate and di butyl sebacate. [0067] In certain other
aspects, [0867phar catmeustheradspetsyplespiarmaseuttal chmppsiteesndf theyesdnt ons have an

i ncreased. di ssol ution profil.e.conpared o a pharmaceuti cal .cqonposition
wi thout o EAERS PR BrSBEH GISAEPR REALF paippared (o 4 pharmaceutical

composition without a mesoporous composition or material.

[0068] In other instances, the compositions and methods herein use silanol groups of the
mesoporous materials to functionalize the surfaces to make grafted organic silanes

20 ((RO)3SiR’). In this manner, the active pharmaceutical ingredient has increased
interaction with the surface. In certain other instances, the surface is functionalized with
amino groups. This too can modify drug release (see, Vallet-Regi et al., Angewandte

Chemie International Edition, 46: 7548 — 7558 (2007)).

C. Method of Making

25 [0069] The present invention provides methods for making or preparing the formulation
described herein. In certain aspects, the methods relate to preparing solid dispersions,
having the ability to form the amorphous state of one or more active ingredient(s) inside
the solid dispersions. The amorphous form of an active ingredient is stabilized in the

nanosized mesoporous structures even under stress of storage conditions.

30 [0070] In certain aspects, the formulation is prepared by a process of co-spray drying of

mesoporous materials with a poorly aqueous soluble active ingredient dissolved in suitable
13



[0068] In other instances, the conpositions and nethods herein use silanol
groups of the nesoporous materials to functionalize the surfaces to nmake
grafted owganiowsesdranes ((RO3SIiR ). In this manner, theCcasG2em/000053
pharmaceutical ingredient has increased interaction with the surface. In
certain other instances, the surface is functionalized with am no groups.
Thi s too sdventoditfiytudrefgohvehwadbe finalsoliVdidpetsidRagimpeisesadn 2 whizhebasidt e

i i onal Editiop, 46 . Method of Maki
[0060) ThiEBRaLRATAsbeAE) D tar/ovi ALAT e RERL=hEP) Tk PR G Re BRI 1 ho

formul ati ﬁfar%ab;ﬁ&%h@ﬁghs RE¢HEAs esbPore s §ifltaRBRSEIS up td ?O(f‘ﬁr%i%ﬁfjﬁerée@ﬂt.airﬁ to
preparing solid dispersions, having the ability to form the ‘anorphous state

of one or cafigireaspeetsthe petiyedngredietitsrn bashupeofendenafitiratedindpmetbagns. The
anor phsous%{‘r rnrlnaZ%f an C}SI ﬁeexi ngrhecdicedﬁt is stabilized in the nanosized
Mesopor ous STPUEP TR &Y 8PN UNGRY “st%ss  of storage conditions. [0070] In
certain aspects, the fornulation is prepared by a process of co-spray

dryi ng of [40g8bpdn perserrbediment tegressntnpawonpreydesos seshnd fbr prepering e
i ngredi en ha‘iiﬁmﬁée‘?llti@l%oh{bo§i‘ﬁioh,ac%ﬁﬁﬁln ent or mxture of solvents. The fi nal

solid dispersion conprirses on a wel ght basis (percent by weight): (a) 1%to
75 % of active jngredient (b) and the bal ance bei ng. porous inorganic
material s suc ha‘%glg‘ﬁ’és%?i@?@ ually; ‘V?tﬁré‘néﬂﬂgl@é’gﬁﬁ?ﬁcewa% getivsongled gt Wit R cent .

I'n certain aspggishordliR@ofpblivén hirghed bﬁx?élit%%ﬁn%pbfé@% otakbld St b at e,
i ndonet haci n, carbamazapi ne and ursodeoxycholic acid. [0071] In one

enbodltent , t hmbgueegdsolvemyeandi on provi des, a method for preparing a
phar maceutical conposition, conprising: adm xing a substantially

wat er - i nsol ubl grahariBcedsulssdntialy wWaRrliMonek siimitdufical 08 SORGreAitmt
conposition having a plurality of nanopores in a suitable solvent or
m xture of sol VEhthke mesegorys sgmpesyiiontotenaan therharmacgptisal aeftveringredisnubl e

pharmaceut i cal , fki 4fy Aaﬂgﬁcgg;g;%ﬁe%?@  §:Baddht: AR SARULURIGPIRASISH o L0 entrap

the pharnaceutical active O\ nanopor es, er eby
oroduei ng b, Pl IRCUL Gl SRS oh ol SUEL L8 oS SSReEr Lhe sprey
organjL sQeHrBUA An 3dzaRl RNt sueliab 8ihhFolS WuUSHIE S019EntS Br SRLNM G

include C;-Cg¢ alkanols, ketones, esters, ethers, aliphatic hydrocarbons, aromatic

hydrocarbons, halogenated solvents, cycloaliphatic solvents, aromatic heterocyclic

solvetns, and mixtures thereof. Next, a mesoporous powder is then dispersed into the

solution under stirring conditions for sufficient time to make a solid suspension (e.g.,

20  overnight). The solid dispersion can then be co-spray dried.

[0073] In general, a typical spray-drying apparatus comprises a drying chamber,
atomizing means for atomizing a solvent-containing feed into the drying chamber, a source
of heated drying gas that flows into the drying chamber to remove solvent from the
atomized solvent-containing feed and product collection means located downstream of the

25  drying chamber. Examples of such apparatus include a Buchi mini spray dryer B290. In
certain instances, the spray-drying apparatus is equipped with a two-fluid nozzle for
atomizing the solvent-containing feed. Such nozzles produce small droplets of feed
solution, typically 5 to 30 um in diameter, and turbulent mixing of the liquid feed droplets
and drying gas, leading to rapid drying of the fluid to form solid particles. Such spray-

30  drying apparatus are effective in forming substantially amorphous and substantially

homogeneous solid-amorphous dispersions of drug and mesoporous compositions or
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include G -C6 al kanol s, ketones, esters, ethers, aliphatic hydrocarbons,
aromati ¢ hydrocarbons, hal ogenated sol vents, cycloaliphatic solvents,
aronmat i ¢ Weteroasysozi ¢ sol vetns, and m xtures thereof. NEXT/SGROMIBS@SDHr OUS
powder is then dispersed into the solution under stirring conditions for
sufficient tine to nmake a solid suspension (e.g., overnight). The solid

di sper si omateinlst frdet dnd ondetstemayratire eah bd AQB3T ~ IF08@ eg.aB] °Q) any A5 oAl
spray-drying, ar oGO i ses., a drying chamber, atom zing nmeans for

atom zi ng” Qﬂgg?@ SB§§H¢%g%PWﬁ Mlled into the drying chanber, a source of
heat ed dr ? gas that flows into the drying chanber to renove sol vent from
t he at oni %@a Is oA\btémglwmyadmnggs Taeﬁeﬁtfelammpthgd diert preparateny, thermetbedssheraigat ed

downstream of, t i ppatat us include a
Boon ot S o), 1B BRNRE e aRe SRl 9 baPRR LR, HeisRSy:
appar & uscd-guenghl iiPeking bfbcassby\@anfﬁewn@bmyeﬁab €oddPoodl @8IuBieugdiato

sol vent -contai ning feed. Such nozzl es produce small droplets of feed

sol ut i on, MESASPEOAP Mptesialsy Q@ehwnhﬁdﬁinawe &r examalemdwlemﬁmgr{%rﬂgres& t he
liquid fe&?n;gépar to§ 204 ¢ al?%n ?éc sd R3G604 ih thel £P adc{rg;b;‘&dﬁg \;h{@&:tf' uid

to formso ‘icles. uc ydryi ng apparatus are eln
form ng s¢dm$resstan§1hieﬁlodmhlerabnuslngrﬁdlmublsmgreﬂleatsL toghthepwéth elesexcipients, are

sol i d- amor phous di spersion and por ous conposi tiQns
or mat er | aflEndepp g "a‘aﬁeét&fl G lregilf ioncorpprs nmgeHee {05, 9., 810Q)
and 28C ~dréQndifitctableRO 1P Wet gfaﬁﬁﬁﬁﬁﬁ ln‘éﬁ{oﬂ thE:QQtWH mﬁlleﬁféﬂy&hméﬂcﬁﬁﬁﬁtsdr ying is

a preferred nethod for preparation, met h her8in are nét so [inited.
| n addi t i apprapiatecaxiaipients sndh selptiay oddlypemgpn b’ézh wehblhd¢rr(gg |an1aqegwat i on,

S0 R PSSR o BP0

bl endi ng Altexﬁatwew zﬁ 861 biBQHMELSS i88udeddimEngBE egdlglauﬂsaéddqne BliRGRSHa@be KNown
in the art. y bl ending (direct conpression) nethod, the active

i ngr edi erﬂra@% atpqi\@frltbdvaé(ﬁt% othes guitahle salyqnk Phitabls@nppiagises for aveh epnplaien in a
sui taf e [l RAGE qﬁhQaH %Eﬁﬁﬁ{ %&E‘sﬂeeﬂt{ <§ : f)fa}{etE txﬁoggﬁﬂ{%e%ﬁéaqf}m%&hédae for

pressing into tablets ran active 1 hgredient
or i ngr edihddbeds, aphrding jogdre ﬂm(blbqnﬁse fihe resaltitlg @rannlaitd watedal ididspdraadon of a

wet binder (e. oked starch pa , .or solutjon of polyvinyl
vt ol 1 dctreprilacny il R c SR Beedier ¢ &F Adbr4 oty iR ARy be
i ncl uded RPBEAEHIO ALK& RIS Hrnts, 3RM th ke PHe YRl 8YIER is then suitable for

compression. Methods for direct compression and wet granulation processes are known in

20  the art.

[0075] The porous inorganic materials are typically in the size range of 0.1 um to 100
um with pore size ranging from 1 to 100 nm and pore volume ranging from 0.2 to 4.0

cm’/g.

[0076] Advantageously, the methods are effective to improve the dissolution profiles of
25  poorly aqueous soluble pharmaceutical active ingredients. The solid dispersions prepared
possess distinct physical stability against re-crystallization under stress test conditions at
40°C/75%RH for 1 year. Without being bound by any particular theory, it is believed that
this significant improvement is achieved by the entrapment of amorphous drugs within the
nanosized pores of mesoporous materials by co-spray drying. The amount of drug
30  incorporated in the mesoporous matrix can attain a proportion of up to 75% w/w in final

solid powder, depending on the amount of drug added during preparation.
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granul ated wwth water or other suitable solvent. Suitable apparatuses for
wet granul ation are known in the art, including | ow shear, e.g., planetary
m xers; hwohoshsesy7m xers; and fluid beds, including rotramgckingiododseds. The
resulting granul ated material is dried, and optionally dry-blended with
further ingredients, e.g., adjuvants and/or excipients such as for exanple
| ubri cant #07@bl| dn eertasn emhclditrhatSI when thEhetivd ingtedinyistsbesprhyt-driedhweith, foi t abl e

for conpressi qn. Met hod irect co on.and wet granul_.at

pr ocesrsne)s W%ﬁ%‘?ﬁﬂpﬁ)rﬂu? ﬁ% lrS? SubfiiereRy ngﬁééalﬁa&%e 19 iconding l“&id§ are
typi cal | ythepotdif skrufire GIBA-05, Bud thdTButc? sm&emrghélbgyognﬁn %b@i@usﬂf‘ngl ng from
1 to 100 nm and ’Fore vol une ranglngfromo /g

Advant ageehaseed. Fheeintrsnd paes @Iﬂéﬂeéﬂif falded wish ths actipe mgeedtehné al@ﬁ §1§@Iumr| on
profiles of (ROALI Yo ABUERUZISA veeilfy hgrlalye(r:e %‘1'1.1%3:“1%3% 1%1% dg& goﬁg t The

sol i d di spersrons prep are possess UStN

re- cryst apdrezeaill mavdnnsctﬁé rstiysalizhest oﬂﬁad@ﬁﬂr@ﬂ&c@{ie it E:ﬁ?/ﬁh'nfg(lhel year.

W t hout bei ng bound any particul ar theor elieved that this

si gni fi caPragapy eV PRHS I additigne dhgymew o mrfaésh%ﬁlﬁd astiveripgrepisnscagr ugs
wi thin thg napeskged pores of nesoporous naterials by co-spray drying. The
anount of drug i1 ncorporated in the rresoporous matrix can attain a

proportio to 75% ww.in fin |i d powder, dependi ng on the anmount
D g SROZR BRI PR I P Hichnc Raty S b SRBRHHOMES AGAR he
acti v i n@rieghente faoérlyeolapreau‘ugirwﬁdth\eno% tilObf 1B RemIREARROAY SvabA- 15
subm cron, nost of the active ingredient is confined inside the” porous

st r uct ur eschwblsgpigs 8nd stabitize the anrplous dommwesh denrgpholfdidy. i s not obviously
changed. The internal pore channel is filled with the active ingredient and

t he out er [0909) atae stdragk h&Bllb}Ev@@&is%d mvisédereasw@ge/céﬂmilﬁbd B, edlatdet | ve
i ngredi ent (<10n solid pore prevents the re-crystallization of

the conf i gpid gﬁﬁ{%gemmgaﬁ@r&péﬂp Quﬁi?r’rﬁ’éedtﬁﬁé"os@/(ﬁa{@g{ at 400/ 75%H. In

addition, the amount of surface | oaded active ingredient can be controll ed.
[ 0078] MesoporBus nAdditioahEExdipentsdi ng silica, carbon, and al umina are used
as a matrix to fornulate poorly soluble drugs with the objective of

?gp%cl\%mn{ Ihﬁﬁgﬁnt Of Oqoegt{;l%od%grﬁg S%dHlongl e(;(rc}“l SHE a?rg uget tﬂle Formug%og'sngfr tBhous
present 1nvent10n. For example, suitable fillers include water-soluble compressible
carbohydrates such as sugars, which include dextrose, sucrose, maltose, and lactose, sugar-
alcohols, which include mannitol, sorbitol, maltitol, xylitol, starch hydrolysates, which
include dextrins, and maltodextrins, and the like, water insoluble materials such as

20 microcrystalline cellulose or other cellulosic derivatives, water-insoluble materials such as

dicalcium phosphate, tricalcium phosphate and the like and mixtures thereof.

[0081] Suitable binders include dry binders such as polyvinyl pyrrolidone,
hydroxypropylmethylcellulose, and the like; wet binders such as water-soluble polymers,
including hydrocolloids such as acacia, alginates, agar, guar gum, locust bean,

25  carrageenan, carboxymethylcellulose, tara, gum arabic, tragacanth, pectin, xanthan, gellan,
gelatin, maltodextrin, galactomannan, pusstulan, laminarin, scleroglucan, inulin, whelan,
rhamsan, zooglan, methylan, chitin, cyclodextrin, chitosan, polyvinyl pyrrolidone,

cellulosics, sucrose, starches, and the like; and derivatives and mixtures thereof.

[0082] Suitable disintegrants include sodium starch glycolate, cross-linked
30  polyvinylpyrrolidone, cross-linked carboxymethylcellulose, starches, microcrystalline

cellulose, and the like.
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[0079] The storage stability was tested in severe storage condition of 75%
relative humdity and tenperature of 40 C, denoted as 40C/ 75%:H. D

Addi t i onavoBxvgsosant s [ 0080] I n certain enbodi ments, adacriscaalo/neocoss pi ents
are used in the formul ations of the present invention. For exanple,
suitable fillers include water-soluble conpressible carbohydrates such as
sugars, mﬂﬁB&]iSukﬂﬂehw@wmnmkehwsmmmpﬂmhlﬁayhdﬂeanénmﬁbaM$smﬂum
sugar al cohol s, . whi ch | ncl ude nana tgl sorbito maltitol, xylitol, starch

hydr ol ysal@8Mesipm dfarpisand gieatie gg! BRI PPOHA¥EY i ns, and the |i ke,

wat er insoluble materials such as mcrocrystalline cellulose or ot her
cel | ul osi [D08¢k i Vuitable glidants for makingladokeomre portibs by gempeessididat¢lodeim

phosphat e al.ciu nd the like and m xtures thereof. [0081]
Sui t abl e %ﬂﬁﬂ%ﬁéﬂw%%ﬁﬁﬁépdﬁgﬁ%?H@%rs such as pol yvinyl pyrrolidone,
hydr ox propglnethylcellulose and the |ike; wet binders such as

wat er -sol [09B3] pSnijahle swellabls aredihly hygenrbdist maedals éeratse asrelease-medifyingi nat es,
agar, guakty Al [rﬁ,ﬁia%tw Pé\velféﬁ[ rc%ﬁﬁl%gé‘@?m}éﬁ@?s iSXl?Eﬁ(QPéhé’g{y' Lose, tara, gum
an, géfatin, ma

arabi c, tragacan I'n, Xanthan ektrln

gal act onathaamplgptis $blyaﬂaa lenk aridesracrylic :mlyamg Ihydaeolloidsilclays, gmiﬂeigesmarchéi,arrs an,
zoogl an, net hy chitin, cl odextrin, .chitosan, polyvinyl ?yrrolidone,
cel [ ul osi¥yls H}go“sréss'lérfkﬁiid?ﬁé@‘ersaﬁ flgravifiygseco N¢i&rangd PMPERLGRY i xt ur es

t her eof . tﬁx@x@é@lEx%ﬁblé%%‘f%ux@db?é Mt@:gs{v?é]faﬁle'c@ﬂhl‘égédéﬁﬂh%g‘ 1ﬁélﬁﬁ<ﬁy cer?{cm at e,

cross-1linked polyvinylpyrrolidone, cross-Ilinked carboxynet | ul ose,
st ar clfes, canﬂv(mymﬂwshtedtllulqsae:rmﬂinkbd)byedroaymop)ﬂeelluildse §eIDe3prapyi telbilase

br bR Re B0 RS I B aR R 0e
Sui t abl e mldlr@;éyr&hﬁyldeqxnldgahydiﬁxygﬂﬁﬁyleemﬂoséonﬁlrage&ngﬁfbl1mbs@(HEC ssion, include

colloidal silicon dioxide, the |ike tabl e swel'l abl e erodibl e
hydr ophi | ydrewpentyleelulpss; hM@r@X}é@mPﬁP@a%UWﬁéﬁ hydrﬁgympylbmalﬂeﬂulpw ude:

wat er swej E;J WP cg)gf'létwh?ei S EX@%%??&@%P@C@%;U&T e%l%](fcﬁg fcnjdaer mopl astic

pol yal kal acr IC poly ays, gelling
st ar clifes, payuth e glyag Exmp}els bﬁh&ﬂbnah@rmpsasuapdyﬁlkahem bxidesinclndppolyner s,

and conbi ons ui t abl e wat swel. | abl e cel | ul ose
deri vat i \@gly’qq&‘ |06t g rﬂﬁ.}fzs (?tws[t)utabsle acrylic polymers inclu, e potassium

methacrylatedivinylbenzene copolymer, polymethylmethacrylate, CARBOPOL (high-
molecular weight cross-linked acrylic acid homopolymers and copolymers), and the like.
Examples of suitable hydrocolloids include alginates, agar, guar gum, locust bean gum,

20  kappa carrageenan, iota carrageenan, tara, gum arabic, tragacanth, pectin, xanthan gum,
gellan gum, maltodextrin, galactomannan, pusstulan, laminarin, scleroglucan, gum arabic,
inulin, pectin, gelatin, whelan, rhamsan, zooglan, methylan, chitin, cyclodextrin, chitosan.
Examples of suitable clays include smectites such as bentonite, kaolin, and laponite;
magnesium trisilicate, magnesium aluminum silicate, and the like, and derivatives and

25  mixtures thereof. Examples of suitable gelling starches include acid hydrolyzed starches,
swelling starches such as sodium starch glycolate, and derivatives thereof. Examples of
suitable swelling cross-linked polymers include cross-linked polyvinyl pyrrolidone, cross-

linked agar, and cross-linked carboxymethylcellose sodium.

[0086] Suitable insoluble edible materials for use as release-modifying excipients
30  include water-insoluble polymers, and low-melting hydrophobic materials. Examples of
suitable water-insoluble polymers include ethylcellulose, polyvinyl alcohols, polyvinyl

acetate, polycaprolactones, cellulose acetate and its derivatives, acrylates, methacrylates,
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car boxymet hyl cel | ul ose, cross-1inked hydroxypropyl cel | ul ose, hydroxypropyl
cel lul ose (HPC), hydroxypropyl net hyl cel | ul ose (HPMO),

hydr oxyi swpropyisessi7l ul ose, hydr oxybutyl cel | ul ose, hydr oxyphsezoimebéods ose,
hydr oxyet hyl cel | ul ose (HEC), hydroxypentyl cell ul ose,

hydr oxypr opyl et hyl cel | ul ose, hydroxypropyl butyl cel | ul ose,

hydr oxy pr apylieddy/ ¢apelinmdrasad thekinpdndsieat atbues | cipbbynpod, pad kabmetigisycl ol s

ool yal kal RO bAHIENC b Y RO Ry AR o iepiss SE BB AEA D s i  abl o

acrylic ne{am; C;d@&d&&%&%ﬁ%@_%%hﬁﬁewé RlcRAE Wy ?B%@@%eﬁﬁl%%hé”er

pol ymet hy ylate hi ghnol ecul ar wei ght” cross-11nked acrylic
aci d honopsh yﬁfmsxmpﬂe@omﬂ mr,sh)ydmnmatcdmalm Keenel Endahnrﬂregnah‘edsum@mcb

chrr agoerih e sRE e BNBLAENT p ARBoge i Sl sol P A P ARTERRTRD Hnd "

xant han ofheir sgel Erimglesof siihblodt zidldlest@ahmadermaﬂ@a@fat SRt ddledd) mdndM narin,
scl eroglucan, gum arabic, inulin, pectin, gelatin, whelan, r hansan,
zoogl an, Hrewihrighycerids: gliiceryhheherpsstlycsry! pRiminsinarate ghiestys mappsisarhicabl e

clays | nc@g&% (SBEA ey Bl A DAL ALISH miASlENe A0 aPaNI iy TRgnesi um

trisilica nesi u num er| atl ves and
m xt ures mimogﬂf32 giymmﬂbgand)ﬁteauyt mb)ctreg@eizl glngerilea Bxanpldst kuiddlaci d

hydrol yzed starches l.1'i ng rches sodi um starch gl ycol at e, and
deri o s !éj(eﬁfmd&%wﬁ&? S Siiname sy %&nermahqtmgﬁwas@ ymer s
i ncl ude Cd’rﬁgﬁolsﬂh@kigfé 4Rl Eﬂuﬁ%ﬂles BY &uidbledARs 1&[m%hfnﬁhﬁiﬂw Sr(r)rfaggt wax,

cross-1linked carboxyneth | ose sodium [0086] Suit e edi bl e
mat er i al sbebswamswﬁblla wlaee@eﬂam‘dax ymm@ceostalllplee»mws anchpératfm w;éat-i nsol ubl e
pol ymers,

| ting hy habi ¢ rials. Exanples of suitable
wat er - i nsol lgg B’é’ﬁgﬁéf'gg} ?‘?cﬁ?lﬁ?fgatgt tgaf F?JI ose, polyvinyl alcohols,

pol yvi nyl acetate, polycaprol actones, cellulose acetate and its
deri vat i Vi8887]ackyderriagnstancendhe {armulssions ehthe presentanvesiien garcbescoaipddyt he | i ke

and 48! | Yl hSet SRR MR I prod ML (G041 la08hs VASrbi 1ﬁgft0 n%l]'éo %?Pplt‘g&ﬂe' ting

hydr ophobic naterials 1 nclude fats, fatty acid e and
waxes. Exaqricesr tofackiavd astainddatieasernd Itlunjlaebardmmg elﬁatnqﬂemfgﬂé ahzltlﬁg agdrg8 such

as for exampl ocoa. butter, hydro at ed pal rnel dr ogenat ed
cott onseec&néri‘q?u‘f AR PORARES S gﬁ}aPseo‘?"legteaﬁr’Fﬂﬁﬁ%ﬂBS@ﬁ%’ lé%l Yfybean oil;
and free Jo?BltyMleﬁE' f#@uﬁ&?n& heid rcoﬁayﬁlar Lﬁxma@@hefama%b@i%@r fatty acid
esters include sucrose aclid esters,
hydroxypropylmethylcellulose phthalate, hydroxypropylmethylcellulose acetate succinate
20 and carboxymethylethylcellulose; polymers soluble in stomach such as polyvinyl acetal
diethylaminoacetate and aminoalkyl methacrylate copolymer; and the water-soluble

polymers.

[0088] The pharmaceutical formulations according to the invention may in addition
contain as further constituents conventional pharmaceutical auxiliary substances such as
25  fillers, for example lactose, microcrystalline cellulose (MCC) or calcium hydrogen
phosphate, as well as glidants, intestinal lubricants and flow regulating agents, for example
talcum, magnesium stearate, stearic acid and/or highly dispersed silicon dioxide, whose

total weight in the tablet is between 0 and 80 wt%, preferably between 5 and 65 wt %.

[0089] In certain embodiments, the pharmaceutical formulations can be a self-contained
30  unitary object, such as a tablet or capsule. Typically, the formulation is compressed or
molded in a tablet, hard or soft capsule, suppository, or a confectionery form such as a

lozenge, nougat, caramel, fondant, or fat based composition.
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di, and triglycerides, glyceryl behenate, glyceryl pal mtostearate,

gl yceryl nonostearate, glyceryl tristearate, glyceryl trilaurylate,

gl yceryl wproavmsb®; G ycoWax- 932, | auroyl macrogol - 32 glrgescrangpooand
stearoyl macrogol -32 glycerides. Exanples of suitable phospholipids include
phosphotidyl choline, phosphotidyl serene, phosphotidyl enositol, and
phosphotidi c acid. Exanples of suitable waxes include carnauba wax,
spermaceti wax, beeswax, candelilla wax, shellac wax, mcrocrystalline wax,
and par af fyn ; taining m xtures such as chocol ate; and the |iKke.

[ 0087] Inigérrg?%uyﬁgggﬂces, the fornmul ati ons of the present invention can
be coated by known nethods in order to provide taste-masking, odor-nmasking,
to nmake t Ksampdphrati on enteric, or to achi eve sustained rel ease of the
preparation. Exanples of the coating agent can include enteric polyners
such as cqjoou] 099 @6LhapRf@dHIal. Qb Rf siBthidAm MEdopordes SilicPRAlY AR wdre

met hacryl i1 c acid copol yner LD, methacrylic acid copolyner S, o

hydr ox3 pr 8isperaest lnyl|08ém giharad updertstirangovenyidhto xihssusnensren gk serrydried én a
acetate s I: | cel | ul ale] r luble in

S ommch oHog SR P 800" BT B B S 1 A R RSB fuld

met hacr yl ate~80900 | Phieggumpespded Was vate 2080 IDikdotutionl cpagitisn: J0008Sprayhieied

phar maceut i cal forﬂulations according to the invention nmay in addition
contai n abUPIREhWHD S8} arbAt B2 RVEPHBREN (Stemaheasial wead ussdslen i ary

subst anceg; ol: f l& opa ] ald.i | ul ose
(VED) “or B e b 200 mi SINHER? (e iR ok RDiBhe o R 1 ©
| ubr i Bant skembly fitowamplng sysiengatagtervias of § onn.eW&¥npehding slas taken pagaeddngth
stearate,2?¢earic acid and/or highly dispersed silicon dioxide, whose total
wei ght in“th® tablet is between 0 and 80 wt % preferably between 5 and 65
w % [0089] In certain enbodi nents, the pharnaceutical fornulations can be
a sel f - co081hedsundicated/indtiGe d1 the dissplutien rate efbipsay-dniedchperafen.is Typi cal |y,
e ool ¢ o Ehiti@thiy RN CRGrled TR Sorheftid) HSbien MR @flin i AP0 ©
suppository, or con ectlonepy ormsuch as a 6Eenge, ougat, caranel

f ondant, @ighat IhdsesincOMEHBsifisprap-driel ibuprdbiPlafith SXAMSlieditsdl IO Ohedkad g of

| buprofen and_1.0 of _.subni cron soporous siljca terials were
P 15f orﬁyq7.5% ofg pure ibuproten crysta{’riE d?sgolve . The dissoluggn profile was measured

using VK7010 (Varian Co) USP dissolution tester with flow cell online UV-vis analysis

system. Stirring rate is 100 rpm and vessel temperature is set at 37 °C.

[0092] The improved dissolution rate of SBA-15 formulated ibuprofen via spray-drying
is attributed to the amorphous state of ingredient formed in the pores of SBA-15.

20  Moreover, the amorphous form of ibuprofen within mesoporous materials is physically
stable against re-crystallization under the testing condition of 40°C/75% relative humidity
(RH). As shown in FIG. 2, the freshly spray-dried ibuprofen with SBA-15 exhibited
typical amorphous characteristics. A broad peak at 2-6 of 15-30° is typical in diffraction
patterns of X-ray amorphous silica. No X-ray diffraction peak assigned to the crystalline

25  form of ibuprofen was observed. The amorphous form shows superior stability under
severe condition of 40°C/75%RH. No crystal growth could be detected by XRD after 3, 6,
10 and 12 months.

[0093] Additionally, in FIG. 3, crystalline behavior resurfaces when some crystals of
ibuprofen are added and mixed with the amorphous solid formulation containing the drug

30  incorporated in SBA-15. This shows that the solid formulation is exclusively amorphous
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di spersed in 100 nlL et hanol under stirring overnight. The suspensi on was
spray-dried in a Buchi Spray Drier B290. The inlet tenperature was set to 8
10C and twe 20w0vdses97t enper at ure was ~50C. The punp speedPeasGaen/oh@s3 20" .

Di ssol ution condition: 50 ng spray-dried i buprofen with SBA-15 and 25 ng of
pure ibuprofen (Sigma) crystal were used for dissolution testing in 900 nL
0. 1N HO iatna8ire i@ thStdiegrek 0f ciypalvheisgudtif aaprbe nSatifitonlp by addiéon by aut o

sanpl i ng mat interval .of. 5 min. U reading was taken at wavel ength
222 nm [%é@rf e%yqtﬂag%@t*éahﬁ?ﬂlsw&;m1 the dissolution rate of spray-dried
i buprofen is significantly enhanced, as conpared with a comerci al

i bupr of enl00%4]cr %bQ enhianers Stalritity(cSisgras)drying iBrafem with = B4l 6 fundgrsayerdr i ed

b f h % b f
cryoral reMiBedriititnd gt &R ous HBRER M S el R0 16

(Vari an Ggholdizdd stirs amrmus@ﬂdmeg,mt}ﬁfrosw Whdrowusekdn i9 B;bﬂamrlemhssmalsySI S
system Stlrrlng rate is 100 rpm and vessel tenperature is set at 37 C

[0092] Thubmagsppardckes gueitof theribyprotends stseAJnshef@mmom dunngdspMdrean vi a
d
spray-dry, S$]§]O? 1 g%K&iﬁngxp k%bﬁgaalt &hetdhgtl?o'ﬂ'l){b% 9 \fen. 3 %oqe E?%‘l?r&n?ﬁoi Hen in

t he pore ver, fie "anof phous upr 0
nmesopor ounweateit ralused © (OIS m"vg what afd @r@gmm\t\nth éoupm:fsﬁ @d:3eat) o under

h d f40C] 75% el h As sh FI G
2. "t ho § rOHI I BT IPBIOT BLh (4 WS SBACHBrehioURdse g e

anmor piouscha i Anbiae h?ésbﬁo%oufpé?ﬁa@sd ﬂ%&bh&lsg)opé waR p?ethé teYdhiftd | n

diffraction patterns of X-ray anorphous sil X-ray diffraction peak
assi gned ibaprpfen te by styatallized. f or m of i buprof en was observed. The anorphous
form shows superior stability under severe condition of 40C/ 75%:H. No

crystal goosg|h Elguldd el Blﬂll%&h@dh@SEMR@o@hbﬁ)gy 3f sray-Hble@BBAL PS5 SHMiBRNn

[0093] Additionally, in FIG 3 stal |l i ne behavior resurfaces when sone

cryst al s Reftislenand speay-diicd iBeRrotenay Welé sppmicrom parsiglss HHLIE WO If epn be
formul at'sgaf ﬁlgmleaﬁurpgomgsﬁoﬂguﬂ léraﬁ@ra éﬁ‘gcleg s%o%auggcﬁ%%mﬁet hat the

solid for ation 1 s exc S|ve armr I n na ure an re eof
crystlal | ispeaysdriedotitir sancaweight rrmdlof ibaﬂrocﬂm yNMargﬂpﬁrtlblemoblfoupnbtﬁafaré en

crystals t olid dj spefsion. 94 nhan ed stability of spra

dr g;i ng i tfﬁ %{p E‘Wﬁw Pwed TQIEN is P53 grg ]p%mciees arger t an several tens m%cron pray
meter is observed as shown in FIG. 5. The X-ray diffraction pattern as shown in FIG. 6
further confirms the crystalline behavior of spray-dried ibuprofen. FIG. 7 highlights the
distribution of ibuprofen in the pore channels and on the outer surface of SBA-15 after

20  spray drying.
Example 2

[0096] Ibuprofen is co-spray-dried with SBA-15 submicron particles using the same
procedures as Example 1. To evaluate the dissolution rates in the tablet form, 50 mg of
ibuprofen spray-dried with SBA-15 (50:50 wt) is mixed with 0.8 g of cornstarch and

25  pressed in a die with diameter of 13 mm at press of 1 ton. A control sample of 25-mg
ibuprofen in the crystalline form (commercial) is tabletted with cornstarch with the same
procedure. The dissolution is performed using the same method as in Example 1. The
tablet form dissolution profile as illustrated in FIG. 8 is similar to that observed in the
powder form. 87.9 % of the spray-dried ibuprofen in the tablet form dissolves within 15

30  min as compared to only 16.4% of ibuprofen dissolved in the crystalline form.
Example 3
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condition is attributed to the nmesoporous structure of SBA- 15 materials,
whi ch possesses nanosi zed pore channels and hi gh porosity. Wen ibuprofen
i s spray-woizeth/osngon SBA-1 5 subnmicron particles, nost ofcrlse20dowpoossen is
stored in the nano-pore channels. Wen SBA-15 submicron is spray-dried

wi t hout i buprofen, the pore volune is 1.019 cnrVg; however it reduced to
0. 0913 cn®OY7MhEIG.i%illustragrthy disoletomef the sfrapddbd ibupfderbat dang loadmgt he true

density of .i bu en. 15 1.076 g/cnB, . 89.9% of ibuprofen is |oaded into the
por e chan’i‘?BP%O’ﬁ'??f’ ad Jﬁé@oa‘g%ﬂgplﬁ&ﬂ“ibﬁ E?Yo%‘lhésr?@ftﬁ%‘hfﬁ@ ‘%ﬁﬂéﬁ%\a!l prevent s
the confipedulaRbWEstfans 290RE ikipYsttabhd 784 .of KBRS 678 HACBINinBrddidniat rat e
t he SEM nor phol ogyﬁof_ se{r ay-dried SBA-15 subm cron particles and

annw

spray- dr i &issolvsdpn & hengsnformulatibnicentains gatadfdbupsofeB@ndd5%tof SBA- can be

seen that e rphol ogy, of m cton SBA-15 panti.cles, is not obyiously
changed at s O TRPRUBHRERS s AdhTe e et PR HENFTest e SR b o2

par ti cl esibaprofdauptief @pstaltige f@mathoudhRnis §liphely deldapedisaidmparaitoale shipies
particles Jarger than several tens mcron neter Is observed as shown in
FIG 5. THihleweagdrug lpadings: | Die goae velumeasneiieaareh tg hosiabugrofagrinekd conf i r ns

t he cryst ' j 374t/ ' : . 7 hi Laht.s the
distri %ut(lﬁé)ﬂr?lr %@] ?’Etﬁ%}g&q{arﬁglioﬁagﬁe por/(l’ égg%g%#g%g&lg‘%d b{gé]rgge}%lefogh?g&gtg@% ace of
SBA- 15 af pagticlesypouyidalthy inmrgopdrrasmpheix? THeGag]allly koystadlizd ibgprofenspn by - dr i ed

wi th SBA-15 sulbm n particl ing the sanme procedures as Exanple 1. To
eval Ul e %qﬁegteéﬁgg?gﬁiﬁtqsg O‘i”’éf‘bglsq"n%t he tablet form 50 ng of ibuprofen
spray-dried with SBA-1 5 (50:50 w) is mxed with 0.8 g of cornstarch and

pressed ilBxampled with dianeter of 13 nmat press of 1 ton. A control sanple
of 25-ng ibuprofen in the crystalline form (comercial) is tabletted with

cor nst ar co098]t h1.0hefIaipRofRhaaeduWr of sibtictos aRkolidréw silscalfitbR4lEBdrdisi ng t he
sane nethqd as in Exa e 1. The tablet formdissolution profile as

i |1 ust r atdgperssd o € rr#fr?rléi 200mlt efrethasol peder stisiwevaamights hBe pERERSIOT ¥ 87. 9
% of the gp{y@a/ﬁe%f@ﬂ%%?%@g %Is%é%éﬁs A3s8:30 b fb%gfafél{éﬁg'- 1553 Mifc B> M 1

as conpar to only I'buprofen dissolved Int crystalline form
ExangdlSe 3).9@97 tormbtaich@nd Iptassddriataahie with difinsete aftlBonmait pteseos proay -Thei ed
 bupr of endigs%lu?irc)ll{ S ;lae?&)?ringg using same method in Example 1. FIG. 11 illustrates the

dissolution profile of the spray-dried ibuprofen dispersed in different amounts of ethanol.

The dispersion in 200mL of ethanol yielded a higher dissolution rate compared to the

dispersion in 40mL of ethanol.
20  Example 5

[0099] The mesoporous silica based materials with different particle sizes are used to
formulate poorly water-soluble ibuprofen by spray-drying. The mesoporous nanoparticles
with size of 200-400 nm and large particles up to ten microns as shown in FIG. 12 are
used. The pore size of these materials is almost the same as they are prepared using the

25  same method. When ibuprofen is spray-dried with mesoporous materials with different
particle size, it is found that the nanoparticle matrix exhibit a faster dissolution rate. When
dissolution tests of the tablet forms are carried out, as illustrated in FIG. 13, the sample of
ibuprofen spray-dried with mesoporous nanoparticles dissolve 90.5% in 15 min, whereas
the ibuprofen sample spray-dried with large mesoporous particles dissolves 71% under

30 conditions. The faster release of active ingredient from its pore channels is attributed to

shorter length of pore channels.
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rati os of 25% and 75% The sanple exhibits very high dissolution rate when
the formul ation contains 25% of i buprofen and 75% of SBA-15: 97. 1% of
active i nyoedioansvsdrs di ssolved in 15 min. Wien the fornmeCasiGammonsai ns 75%
of ibuprofen and 25% of SBA- 15, the dissolution reaches 68.9%in 15 m n,
whi ch is much higher than commercial pure ibuprofen in the crystalline form
al t hough Ekamplesé i ght|y del ayed as conpared to the sanples with | ower drug

| oadi ngs. The pore volume is not enough to host ibuprofen in solid

di sper si ofp10bf hphbﬂ%qféagolhgﬁ%M1 Bfug 7&4;”@&9 id RemlREER WGP Of en for s
crystalline particles outside the nesopofous matrix. The partially

cryst al | i subthitionpnesbporossparbee bEfoeﬁ{rmﬂlrigylrb(ﬁBg%mshmwuemnh FhdAnixifg. Exanpl e
4 [0098] 1.0 g of Ibuprofen and 1.0 g of subm cron nmesoporous silica

mat eri al S[M/ﬂlP BagpeiNSRE 1.00g 6915ﬁbr(ﬂé}ﬂan’€pgﬂg s Il'@@@émﬂéﬂﬂl%artﬁlésr WAy

over m@g The suspension was spray-dried and 50 ng of this suspension
(50: 5 vwc%ﬂllhlmpradifa@ﬁmﬂfﬁgﬂtsch)%t rptating seéiofdQ0rpm Br § hof cornstarch and
pressed in a die with dianeter of 13 mmat press of 1 ton. The dissolution
i s perf or[ead2usimpregaatntreX H@df ibapfanwhedidsolvddGn SIL of kthahdla0eSsg bhe

di ssolutign profile of the spray dried ibuprofen dispersed in different
anount s o§ Bat ratigmicren gargicles svag added; t I@M‘Ené?’ uE?%aﬁ&Pn@i"éﬁ}S@éﬂ’(’daﬁﬂﬁher

di ssor Ut Rl @hipef-ATPAREL stftidaR el SRCTAE BBtabrba HoWePhaLdilANla-vabHIRL © ©

[ 0099] The nesoporous silica ter Ifferent particle sizes
are used toonftempatafitre. poor |y wat er-sol ubl e i buprofen by spray-drying. The
nmesopor ous nanoparticles with size of 200-400 run and large particles up to

ten niecr opaos sBMRnéH Fb Sof Iripadten WastllyBfkeANith B0 29r8BALNS SEnRiAN | al S
is alnost the sane as they are prepared using the sanme nethod. Wen

i bupr of enpiiI’ECl@fer}ﬂlumt@G “(ﬁlsﬂlhat toohove g0 nﬁtt@meétllbunmﬁm dh¢ hetreiturpar ti cl e
size, 1t Jg qu'ti Qf%ﬁ%’iﬂec ogfl kao pt i G528 & L3Rt Ehpd! ?ZOl ution

rate. Wen d‘iflsso ti1‘on are carri e ou
i n FIG 13, th Ie of i buprofen spray-dried vvlth Mesopor ous

illustrat u
nanopart i @ll%] dMizigey d 0ol Prﬁ 61@“141 1) g\ﬂE@Bé‘ay Subaniton PrEIClSs Weappl e
spray-driggui fn'h herAGnIERARAGPYiRar ti cl es di ssol ves 71% under

15 [0105] The dissolution rates of ibuprofen formulated using the above methods are
analyzed in powder form and the dissolution data in 15, 30, 45 and 60 min are listed in
Table 1. Although ball milling, mixing, impregnation and co-quench methods exhibit
higher dissolution rate than pure commercial ibuprofen, these methods are inferior to
spray-drying. XRD investigation as shown in FIG. 14 indicates that only spray-drying

20  with SBA-15 submicron particles results in a fully X-ray amorphous form, while all other
methods give rise to partially crystallized form. Thus, among all formulation methods
used, spray-drying is shown to be the best procedure to produce ibuprofen in an

amorphous form, which exhibits the highest dissolution rates.

Table 1
25 Dissolution test data of ibuprofen formulated using different methods
Formulation 15 min 30min 45 min 60 min
Pure crystal (commercial) 17.5% 25.6% 35.6% 44.5%
Spray dry 95.9% 99.5% 100% 100%
Spray dry (Tablet with cornstarch) 87.9% 94.8% 96.8% 98.1%
Ball milling 36.6% 52.4% 62.5% 69.6%
Mixing 31.9% 51.7% 64.6% 73.5%
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conditions. The faster release of active ingredient fromits pore channels
is attributed to shorter |ength of pore channels. Exanple 6 [0100] Poorly
wat er - solwbl2etomsossl drug, i buprofen, is formul ated w t hPEBAGR&I®NMIS Cr on
mesoporous particle by ball-mlIling, inpregnation, co-quench and m xi ng.
[0101] Ball mlling: 1.0 g of ibuprofen and 1.0 g of SBA-15 subm cron
particl es wafipregndtiohl ed in a ball m |l 40Ar4t schl738% rot@g’)%g r age4mf 200

rpmfor 1 h 0 Irrpregnatlon 05 olbupr e ssol in5 nL
Coldu %3 % 497/1 5SSO0 ¥F %

of et hanol. 0~ 3

sol ution eva room te rat ur.e. und .

over ni ght( @ltl88f3’?(ﬁ8%lns %&dﬂ e'i’)dg?fﬁ‘? Pl Wufvﬁ?%?elé’((fﬂ’ﬂﬁ#%m 6855 r’?‘&ﬂtﬁgg'é%re
[0103] Cospuersciubmicrdn a@fcldsbkii%rs&flﬁdm MR&iuflddomIioxed HE1th31°0, Sindhg SBA- 15
subnicron particles. The nmixture was heated to above 120 C to nelt

i bupr of en!00mPEhot ni xture was quenched by liquid nitrogen, and the solid
was kept in a vacuum at roomtenperature. [0104] Mxing: 1.0 g of ibuprofen
and 1.0 gEeampRA 15 submicron particles were ground in a nortar and pestle
for 5 mn. [0105] The dissolution rates of ibuprofen fornulated using the
above 91et [iqge aF&cﬁﬂfi‘a!l%zé?ldesle? d@ﬁworﬁ%m a8, fsfagecﬂfo%%@&déttmvgaéfa in 15,
30, 45 and 60 mn are listed in Table 1. At hough ball I ng, m xing,

i npr egnat ¢hwhestemol and-tqgllemridemeladtbémmhﬁbl?t etmlgﬁ'ﬁf’ plasmoBeitncerd: Y88t 4t han

ure co reLal - bu the e net hods are .i.nferiaqgr to ray-dryi ng. XRD

P evest | gario g ThaiE e o hakens Suttilil: Nohet s &Y Grko FembriTs

SBA- 15 sumh@im iRaohibakt§ and @FsiGor ﬂateasddnlAsmb‘roh%uaﬁrﬁm@mr&mcm whil e

all other nethods give rise to i)artlall %zs)talllzed form Thus, anong all
g

f or mul at i exberedipgids (seselficreshieagl.dnty Vnffidra. E85dir30 61939 insluséantinpr ocedur e t o

G ssol it | Srdidifls! TRl R D05, s LU lbEs FRIGHIA bl SpMEET L at oo
usi ng di f feaofintterveitthmesopoesuslBA-16 1m0 fhddudastaile amdrphbusifenofibratd andRoir e

crystal (comercial) 17.5% 25 6% 35. 6% 44. 5%
y (1mprove its cﬁsgolutlon rate: Otheropoorly aoqueous soluble model drugs, namely

indomethacin, carbamazapine and ursodeoxycholic, are also spray-dried with mesoporous

SBA-15 particles in order to improve their dissolution rate.

15 [0107] The formulation procedure is similar to Example 1. Typically, 1.0 g of the drug
and 1.0 g of SBA-15 submicron particles were dispersed in 100 mL ethanol by stirring
overnight. Spray drying is performed using Buchi 290B mini spray dryer. Dissolution
rate analysis of spray-dried fenofibrate with mesoporous SBA-15 is performed using

Varian VK7010 dissolution tester with UV online sampler and measurement system.

20 [0108] The dissolution rate of each of the spray-dried drugs with SBA-15 submicron
particles is higher than commercial drug in the crystalline form. As shown in FIG. 15,
spray-dried indomethacin reaches 97% of dissolution within 15 min, whereas commercial
indomethacin has only reached 25%. The dissolution of spray-dried indomethacin is also
performed both in tablet form and powder form. The tablet form exhibits almost same

25  dissolution profile as that in powder form. As displayed in FIG. 16, the dissolution rate of
spray-dried fenofibrate with mesoporous SBA-15 reaches 95% in 20 min, whereas only

15.6% of raw fenofibrate crystal is dissolved in the same time period.

[0109] SEM investigation confirms that the morphology of spray-dried these poorly
water soluble drugs, such as indomethacin (FIG. 17), carbamazapine (FIG. 18),
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Spray dry 95.9% 99. 5% 100% 100% Spray dry (Tablet with cornstarch) 87.9%
94.8% 96.8% 98. 1% Ball mlling 36.6%52. 4% 62. 5% 69. 6% M xi ng 31. 9% 51. 7%
64. 6% 73. \se20mwesgevat i on 49. 1% 57. 3% 62. 9% 66. 4% Co- quenebTR8208%0d@53 % 59. 1%
67.2% (di ssolution conditions: 25 ng ibuprofen or equival ent anount

i buprofen formul ated with SBA-15 subm cron particles; dissolution nmedium
900 nlL 0. dNodd@ixyeltiolid (FIIEL, 193 tfematitmgte (BIG: 200Gs figirbviobXlgchiutzed ak Qdmphred

Fenofi brate, an ester derived.from fibric acid, .is used to reduce the |evel
of chol estdhdie bavaMesoRgrousaartifls- ?I]é’éé?s“#‘dpﬁfl%tﬁ t,ha@lo?f.ogélf“ga‘is eniggnpedhar ma

Sci ence 6;&%@1@%“@3%}1)5: This drug has extrenely poor aqueous solubility.
Much effort has been reported to inprove its solubility and dissol ution

rate, suc Leroni zati on uUsi sypercriti.cal carpon di.gxi de (see, Kere,
5 ot *anloniy "1 Sghan Jus o ibed AR Gomied 8 ol PO Re Mt ERBHERS i ne.
Thi s i9vepatepinlsdeRhSlY aftér iRl dE RLRRSs tdmdflons BI4ERY 2. RUYoR St 184st six
fenofi brate with nesoporous SBA-15 to produce stabl e anorphous fenofibrate

and to i npeathe. Asshews boFlgt 2dnbath the spaxyhdniedopdemsthaim aesiearsarhagpmermael
dr , ha A i C zapi. ko degxychol i re..al so
cpr oy i S (RN Pt HERARRL NG GRS ERETT G, i b f 2

di ssol uti spray-atied fehOfibrdic ahd@irdodesmiichbliORaseod feied €or stx fioAtHsab firandbatpl e 1.
Typically, 1.0 of the drug and 1.0 g _of SBA-15 subm cron particles were
di sper sedshoﬁiveﬂ@g‘bpfﬂy&Wﬁﬁmorﬂf@%f‘?@?%&uﬁiﬁé@dflﬂ@ 2Xpray drying is
performed using Buchi 290B m ni spray dryer. Dissolution rate analysis of
spr aytdr i @d11lendf cdmparsonyanforphesis podomeghfSBreitained frpardiecngendls hreghodds | an

VK7010 dissolution tester w.t nl i ne sanpl er and asurement system
(ot08] Treeresrlviegh Paallest sttt lor oied X e Sy et G 3 Seske 15
subm cr oNTRA4thbph&Ss dtability D&t v iAGrc-aRATRHBLRteddViHPmbbpoRfis Ghatshad {si ne form
As shown in FIG 15 s}pl)ray-drled I ndonet haci n reaches 97% of di ssol ution

g

wi t hi n 15attritwtedn dhedaigh poiervohinaind pefe sisediwes.witicshashhgtivedagihdign2s06  The
di ssol uti 194?1091%& B)ra@é/ fndﬂrnL. g%o'rp%%ﬁs”ﬁ%t@%%‘d "he Eorg lw%ﬁs prevent re-crystallization under

15  stress test conditions during storage.
Example 8

[0112] Mesoporous carbon is selected to host poorly aqueous soluble drugs.
Mesoporous carbon is synthesized based on SBA-15 submicron particles as template.
Sucrose was filled into pore channels of SBA-15 particles. Carbonization was performed
20  at 900 °C in N; atmosphere. The template silica was removed by dissolving in 1IN NaOH
solution and followed by washing with de-ionized water. The mesoporous carbon was

dried at 120°C in air.

[0113] FIG. 23 displays the morphology and pore structure of mesoporous carbon. To
formulate poorly aqueous soluble drugs, 0.5 g of mesoporous carbon and 0.5 g of

25  indomethacin are dispersed in 50 mL ethanol by stirring overnight. Spray drying is
performed in Buchi 290B mini spray drier. XRD measurement confirm that spray-dried
indomethacin with mesoporous carbon (50:50 wt) is in the amorphous form. SEM
measurement as shown in FIG. 24 confirms that the morphology of mesoporous carbon
materials is not obviously changed. This indicates that most of the indomethacin is located

30 inside the pore channels. Dissolution of spray-dried indomethacin with mesoporous
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performed both in tablet formand powder form The tablet formexhibits

al nost sane dissolution profile as that in powder form As displayed in
FIG 16, wbeothissshuti on rate of spray-dried fenofi brat @ecwiscGhorymsassr ous
SBA- 15 reaches 95%in 20 m n, whereas only 15.6% of raw fenofi brate crystal
is dissolved in the same tine period. [0109] SEM i nvestigation confirns
that the eapbqihislpedyrnadd i Pfaaipn WK HY Otdissslatipo tastey wikht BV ombiheibdngpleirangs, such
as indomethacin (FIG 17), carbanazapine (FIG 18), ursodeoxycholic (FIG
19), fendfFEPER B%E™M20), is not obviously changed as conpared with the
bare mesopor ous ParthIes. The result indicates that nost of drug is

ent r apped Ol il dELG.RS ifusteatestibpdissadutiqnarefile ofipewdaninptiodiedsindemetbacinhese

drugs for i i ) rou terjials is stable after
bei ng suby i pesoREbRelbon RS § RufERRRRIR, 1, EAN bl BBMER & Toncns. s
shown 5i n inliémethdcin bithhmédopons eatbeki sigtlificadBraihhacs thediskobalonaneaapi ne are

stable in the amorphous fo%n1after storage at 40C/ 75%H for 12 nonths. The
st abi | i t yIn8emeHadY. raahang 98aé » Bt dbe pamgdiasdelsasecHdopay pelublseen t est ed

e K s T S e L S

obt ai ned darlmm rdatriect quench nethod is unstable and was re-crystallized
after being tested at the sanme conditions for just one week. The anorphous
stabi | i t yjo@isjacth¥prayt@yigeofpéorfyoiqieb@tigreWichd VABS KRB s TRi& IS 1S
attributed to the high pore volune and pore structures, which host active
i ngr ddi enimsquermethodtn endrdp dhese ectivie ingredignts ip Hewenaplaus femawithin thor e wal | s
prevent re-cr.ystallizatign under stress test conditions during storage.
Exanpl e é“F@%%%@ﬁﬁég%%bWEUS carbon is selected to host poorly aqueous

sol ubl e drugs. Mesoporous carbon is synthesized based on SBA-15 subm cron
particles as tenplate. Sucrose was filled into pore channels of SBA-15
particles. Carbonization was perfornmed at 900 C in N2 atnosphere. The
tenplate silica was renoved by dissolving in IN NaOH sol ution and fol |l owed
by washing with de-ionized water. The nesoporous carbon was dried at 120C
inair. [0113] FIG 23 displays the norphol ogy and pore structure of
mesopor ous carbon. To
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formul ate poorly aqueous sol uble drugs, 0.5 g of mesoporous carbon and 0.5
g of indonethacin are dispersed in 50 nL ethanol by stirring overnight.
Spray dr ywogoimspssrf ormed i n Buchi 290B mini spray dri ePCTXR2o09masEs enment
confirmthat spray-dried i ndonmethacin with nesoporous carbon (50:50 w) is
in the anorphous form SEM neasurenent as shown in FIG 24 confirns that

t he nor YMHIAGOIS 6L ATYHERdSous carbon materials is not obviously changed.
This indicates that nost of the indonmethacin is |located inside the pore
channel s. Dissolution of spray-dried indonethacin with mesoporouscarbon is
performed in Varian VK7010 dissolution tester with UV online sanpler and

neasurenment system [ OhlgHarfthdeutied combusitibitsgia phifinsbeasal u&h@&impfi l'e of
powder spray-dried indonmethacin with nmesoporous carbon in pH 6.8 buffer
sol W i oOROMPHESIBEows t hat spray drying of indomethacin with nesoporous carbon

signjficantly enh . ] I . { haci n.. reachi ng 98%
TS e The | mredrapintily SR e SR estlipgaCRUE AR .
attr4 buted to theaamsoghouscongiositioh hacihg delurdigsy @din@fidpordss ivllereifesa@por ous
car bon trix. [0115] Co-spray dryi.ng of poorly agueous_ingredients with
nes o%or SHpstanilby W%ﬁeé‘lqsglugf%haﬁfﬁ@eﬁﬁ%% etivegngisdicnalyis spyed-dued tpecthagvili ent s
in the amLRUGRolsompokitiBh j WA s dCLAI MED
IS: 1. A phar mac% uSt ioc ;}6’51012 ng%é’?ﬁp %ﬁ@gﬁggﬁg@?f&%‘&ﬁ P%%P%g 0 rrpolé1 i S%don

conpf i shamppowssubst anti al |y wat er-insol ubl e pharmaceutical active

i ngredi ent; and a nesoporous conposition having a plurality of nanopores,

wherei n sai d substanti | v, wat er -.i nsol ubl. haryraceutjcal active ingredi ent
i's slgr ayed-dri ed %'oget ﬁlel? b RarRceutic %’?88@‘?@8?‘318%&?}’?%‘&3 df)suﬁf‘ntfl?t Ysai d
phararac edier-Gixbludbd phaemhdegtiediacliNe inbichicht $ai eiBdAPRERE frofa thERFoup

phar maceutical conposition of claim1, wherein said substantially
wat et - i fnsistipg ef yhanakgesicun andi-chdesterel qriegplesterod redusing agemfhantipyestiscared f r om

the gr Oﬁkﬁi-ﬁﬂﬂﬁ{.n%&f?igiggﬁt, é}palﬁﬂﬁilcﬂ)%ﬁil,ca de%?]il%ygm{%gi %?f;alneaﬁlttiﬁ[s?elmi%. chol est er ol

reduci ng agent, an yretic, an anti-in agent, an antim crobi al

a decongestant and an anti hi st am ne.
1 3. The pharmaceutical composition of claim 1, wherein said substantially

2 water-insoluble pharmaceutical active ingredient has a solubility of less than about 10g/1.

1 4. The pharmaceutical composition of claim 3, wherein said substantially

2 water-insoluble pharmaceutical active ingredient has a solubility about 0.1g/1 to about 5g/I.

1 5 The pharmaceutical composition of claim 1, wherein said substantially

2 water-insoluble pharmaceutical active ingredient is ibuprofen.

1 6. The pharmaceutical composition of claim 1, wherein said substantially

2 water-insoluble pharmaceutical active ingredient is in an amorphous form.

1 7. The pharmaceutical composition of claim 1, wherein said mesoporous

2 composition has a particle size of about 0.1 um to about 100 pum.

1 8. The pharmaceutical composition of claim 7, wherein said mesoporous

2 composition has a particle size of about 0.3 um to about 50 um.

1 9. The pharmaceutical composition of claim 8, wherein said mesoporous

2 composition has a particle size of about 0.5 pm to about 30 um.
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3. The pharmaceutical conposition of claim1l1l, wherein said substantially
wat er -i nsol ubl e pharmaceutical active ingredient has a solubility of |ess

t han abowwol2@as0894. The pharmaceutical conposition of eCaSG2@9/004068 €i n
said substantially water-insol uble pharmaceutical active ingredient has a
solubility about 0.1g/1 to about 5g/l. 5 The pharmaceutical conposition of
claim1, wherein said substantially water-insol uble pharmaceutical active

i ngredi ent is ibupfof ehe pharifaeeypical comgeuitionlf clibosihtietnsaid platadityrofl ,
wherein said_su gstantlall y water-insol ubl e pharmageuti cal actlve i ngredi ent
is ih aRO%NYOF FAGHESIRGOHS CPMPPREOP RAYG RIS iilé'é]leteée it £ inghtogbort Hi0mm.

wherei n said nmesoporous conposition has a particle size of about 0.1 nmto

about 100 mm 8. The phas pR&RIALOARAI &%a,@ﬁfohlo@ela% 1@'@«hé¥b1¥1 saitiRnalify gl d
nes%gorous conposition has a particle size of about 0.3 nmto about 50 mMm

e phrgs pheedimieserioraismoowpsition hate xmgimdigmetehef equt ééumln tregopbd S G om.
conposi tion has a particle size of about 0.5 mmto about 30 mm 10. The

h I | f
Car ol mesopor ous. composi b Bnabhel omptiitafol il Ryl bl g PRLGE, °100

nm 21. pdieeopiuid meseidtdBaomposifion hiveadimoin dibmietdy 6ﬂabd&h2 e 10 abaintdBoohdr al i ty
of pores of said nesoporous conposition have a nean dianeter of about 1.5

nmto about 50 nm _12. The phar maceut i cal osition of clajm wherein
sai dlopl urality of or ehe pharmageuts mpaa%wegﬁﬁlagvt r\‘fherﬁ‘é’vsé‘dap H@i o amet er

of ajJOme%S BmaEch%QRJ&méQog\?bsﬁén hde RBA VRESELF St @QWé {d M3uPs ocl ai m

1, mherelp said plurality pores of said mesoporous conposition have a-
neaﬁ3VOMMﬂe of about 0.2 cnB/g to about 4.0 cnB8/g. 14. The pharnaceutlcal
conposi tion of claim13, wherein said plurality of pores of said mesoporous

corrp105| tion have , Mean, V?ll%a%ce%fncgl QM o%tl%n o?ﬁ{agn g’al C}%ultﬂﬁgltdé)&lrggfyqif 15

The pharnaceutical "conposttion o 1) WReF &
wat €1 - i pores ufbdaid PBSIPTRRR Wbindasitiat havear mhegT eslin@s bf alkoup D8 Rtababo3d 0. 1%

t o about 75@6m/m1 16. The pharmaceutical conposition of claim15, wherein
said cm/g

1 15. The pharmaceutical composition of claim 1, wherein said substantially

2 water-insoluble pharmaceutical active ingredient is present at about 0.1% to about 75% w/w.

1 16.  The pharmaceutical composition of claim 15, wherein said
2 substantially water-insoluble pharmaceutical active ingredient is present at about 10% to

3  about 60% w/w.

1 17.  The pharmaceutical composition of claim 16, wherein said
2 substantially water-insoluble pharmaceutical active ingredient is present at about 30% to

3 about 50% w/w.

1 18. The pharmaceutical composition of claim 1, wherein said mesoporous
2 composition is selected from the group consisting of carbon, carbides, silicides, nitrides and

3  oxides.

1 19.  The pharmaceutical composition of claim 18, wherein said mesoporous

2 composition comprises an oxide.

1 20.  The pharmaceutical composition of claim 19, wherein said mesoporous

2 composition comprises a silicate.
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substantially water-insol ubl e pharmaceutical active ingredient is present
at about 10%to about 60% w w. 17. The pharnmaceutical conposition of claim
16, wher ew0 208/dodubst anti al | y wat er-i nsol ubl e phar macewrtirca20@obioss
ingredient is present at about 30%to about 50% w w. 18. The pharmaceuti cal
conposition of claim1l1, wherein said nmesoporous conposition is sel ected
fromthe group consisting of carbon, carbides, suicides, nitrides and

oxi dés. 19. The pBar naddaphamiacewtimpbsimpasitionfofclagmrR0] $henehvesaé mespiocbus

MesSOQOr Qus conposi tion conprijises ap oxide. 20. Th receyti ca

Conpbe! P BRSTROLR A et Sl Tt e ¢ orpcimparino oyl SR Asks o
siligat e4@ft, MSEnE@VIRES €Ut i cal conposition of claim20, wherein said
mesopor ous conposition is a nmenber selected fromthe group consisting of

MCM 41, MCM 48, SBA- 15, MCF, MsU and CMWK-3. 22. The pharnmaceuti cal

conpbsi tion of cl a#m 21he pharmsiceutical eprposisionrad glaim dhpwhereingaid meopAtows. 23,
The @ha%gﬁﬁgﬂﬁ&ygkﬂﬁgﬁgosition of claim1, wherein said pharmaceutical
conpositlio as an 1 ncreased dissolution profile conpared to the
pharmaceutical conposition w thout said nesoporous conposition. 24. A

met hbd for prepar28g aThhahmazeaiticabdong@epiosiof ictaim 1savhereiredaitbd conpri si ng:

adm xi ng,a substantially. water-insolupl.e pharmaceutical active ingredient

o b BbSamrala cemotion R h LA L LR NG BEORBRERG BE 1 n 3 sui ¢ abl e
sol vent pRsimiRckitithEcoMposRion STttt $HMInRRSRYo I bhpesieighd substantially

wat er -i nsol ubl e pharmaceutical active ingredient with said nesoporous

conposition to entrap said pharmaceutical active ingredient within said
nanopores, ther eb$4pr oduarthgd §etipiensinae sebamacenticat eprppesitidng paid ag:thothe
met hed g&nshghg124, wherein said substantially water-insol uble

3 admixing a substantially water-insoluble pharmaceutical active ingredient with
a mesoporous composition having a plurality of nanopores in a suitable solvent or mixture of
solvents; and

spray-drying said substantially water-insoluble pharmaceutical active

ingredient with said mesoporous composition to entrap said pharmaceutical active ingredient

0w N N B

within said nanopores, thereby producing said pharmaceutical composition.

[u—y

25.  The method of claim 24, wherein said substantially water-insoluble
pharmaceutical active ingredient is a member selected from the group consisting of an

analgesic, an antipyretic, an anti-cholesterol or cholesterol-reducing agent, an anti-

SN

inflammatory agent, an antimicrobial, a decongestant and an antihistamine.

1 26.  The method of claim 25 wherein said substantially water-insoluble

2 pharmaceutical active ingredient has a solubility of less than about 10g/1.

1 27.  The method of claim 26, wherein said substantially water-insoluble

2 pharmaceutical active ingredient has a solubility about 0.1g/1 to about 5g/1.

1 28.  The method of claim 24, wherein said substantially water-insoluble

2 pharmaceutical active ingredient is ibuprofen.

1 29. The method of claim 24, wherein said substantially water-insoluble

2 pharmaceutical active ingredient is in an amorphous form.

28



pharmaceutical active ingredient is a nenber selected fromthe group
consisting of an analgesic, an antipyretic, an anti-chol esterol or

chol est erwbh-20m0¢h3a89ng agent, an antiinflammatory agent, aoT&ckomiocssbi al, a
decongestant and an anti hi stam ne. 26. The nethod of claim 25 wherein said
substantially water-insol ubl e pharmaceutical active ingredient has a
solubility of less than about 1Qg/ 1. 27. The nethod of claim26, wherein
sai dl subst anti al | $0wat dihe mesiwlduificéiptP mherirt sabdimesuporas composidoehas has a
solubility about 0.1 %f t o apout 8/I. 28. The nethod of claim 24, wherein
sai d suB&tigh3iz afpoqutlet nmde abow) 19 g’rﬁ%r maceuti cal active ingredient is

i buprofen. 29. The nethod of claim 24, wherein said substantially

wat ef -i nsol ubl e pRar mMgaNticaRld i i ' bSoo -
form 30. The net hod of cl aie%%'24o,€f%\tﬁl1ﬁeﬁ?gf gmégﬁldﬁnm%?g%gpgbﬁréggi %‘E?‘?}*%Sna has a

par t2 cl parsiclessizsf ofaboutt0. Dyuth toabowt 58hont 100 nm 31. The net hod of clai m 30,
wherei n said nmesoporous conposition has a particle size of about 0.3 nmto

abouf 50 mMm 32. e hod .of, ¢l aim_31, whereipn sai d nesopor Qus
corrplz)si tion has a;g'ar mﬁ,‘? gleg?oﬁléﬁ(?%“&b” utVhEre 534 MESORBEYS COBPASHIORAAS arpe

met hpd ?ﬁniEie%iii@o%%bomﬁinﬂo%%lﬁ 3plphal ity of pores of said mesoporous
conposition have a nean di aneter of about 1 nmto about 100 nm 34. The

met hod of claim 33, wherein said plurality of pores of said nesoporous
conpbsi tion have 33nealhhdmgthoded cim@dowhertinssanhpltmligbafigor&ofisaid 35. The

methpd of claim34 wherein said plurali of . por es . of i d nmesopor ous
Cortsi HeatPRaisdimgBRh firk &Rk SpeRont Yoot L ALY Bt 96, The

nmet hod of claim 24, wherein said plurality of pores of said nesoporous
conpbsi ti on have a4.nealhyplethtd obtlanh 38} wherdinoal gufalitypdPsresdofRanB/ g. 37.
The thod of claim 36, wherein said plurality of pores of said nmesoporous
corrpggi MEPORRNP OMPRBILAN Doy e AvBeyt diams 06@@%1@1311 Fq)ab&ybm nm. 0 cn8/g. 38.
The net hod of claim 24, wherein said substantially water-insol uble

pharpaceuti cal acgsve TROmRHERE clafin B ERALEinAhi ANAAlinLotlphdsbrakaut  75% w w.

2 mesoporous composition have a mean diameter of about 2 nm to about 30 nm.

1 36. The method of claim 24, wherein said plurality of pores of said

2 mesoporous composition have a mean volume of about 0.2 cm®/g to about 4.0 cm’/ g.

1 37.  The method of claim 36, wherein said plurality of pores of said

2 mesoporous composition have a mean volume of about 0.8 cm?/g to about 3.0 cm’/g.

1 38.  The method of claim 24, wherein said substantially water-insoluble

2 pharmaceutical active ingredient is present at about 0.1% to about 75% w/w.

1 39.  The method of claim 38, wherein said substantially water-insoluble

2 pharmaceutical active ingredient is present at about 10% to about 60% w/w.

1 | 40.  The method of claim 39, wherein said substantially water-insoluble

2 pharmaceutical active ingredient is present at about 30% to about 50% w/w.

1 41.  The method of claim 24, wherein said mesoporous composition is

2 selected from the group consisting of carbon, carbides, silicides, nitrides and oxides.

1 42.  The method of claim 41, wherein said mesoporous composition

2 comprises an oxide.
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39. The nethod of claim 38, wherein said substantially water-insol uble

phar maceuti cal active ingredient is present at about 10%to about 60% w w.
40. The mwDhooh/3osocl ai m 39, wherein said substantially warsc2omsodsbl e
pharmaceutical active ingredient is present at about 30%to about 50% w w.
41. The nethod of claim 24, wherein said nesoporous conposition is selected
fromthe group consisting of carbon, carbides, suicides, nitrides and

oxi des. 42. The n#3.hodThé methaidmf 41bjm vl ewkérainsaidmesomas ooiBpeitiEosi ti on

co i ses an oxiﬁi.e.43. The net hod of claim42, wherein said nesoporous
co%sif‘?rﬁwlsﬁ)ﬁﬁ K8€s a silicate. 44. The method of claim 43, wherein said
nmesopor ous conposition is a nenber selected fromthe group consisting of

MCM @1, MCOM 48, S\ 15Théﬁ%tho%@cla%3,3§%ég\5ii1 éslﬂﬁn%bbﬂﬂs ebmpbAidA #4

wher ei n sai d nmesoporous conposition is -
member selected from the group consisting of MCM-41, MCM-48, SBA-15, MCF, MSU,

3  CMK-3.
1 45. The method of claim 44, wherein said mesoporous composition is
2 SBA-15
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