MESOPOROUS MATERI AL EXCl Pl ENTS FOR POORLY AQUEQUS SOLUBLE | NGREDI ENTS
CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] The present
application clains priority to U.S. Provisional Patent Application
5No. 61/109, 016, filed Cctober 28, 2008, the teachings of which are
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[0004] Much effort has been made to enhance the dissolution rate of poorly water-

25  ‘soluble drugs to increase bicavailability. One strategy is to improve dissolution rates
through specific formulation methods, the most common being particle size reduction (see,
linno, I. 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 ef al., Pharmaceutical formulation for
poorly water soluble camptothecin analogues, US Patent No. 6,653,319 (2003)), the use of
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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
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i nsol ubl e opharmsehtidal eppliEatiomst| Bloraner, 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



are needed which inprove the dissolution rates of these conpounds in
order to inprove their absorption in the digestive tract and thereby
inprove their efficacy. It is highly desirable to devel op new
formul ati ons and net hods that can anorphize an APl to inprove
dissolution rates as well as stabilize the anorphous forn1during
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the presentingisdignts wichire paispped jpriBeinanesizedsnaspers chappriewii highd
manuf act ur afphdebdeidyssues of current solid di spersion methods. [0014]
The present invention provides novel fornulations and nethods to

| pr ove theﬁ Gﬁg ﬁ?éu‘dfx IHBHJ @oﬁnﬂ ntPRE lle¥ %&?ﬁmﬁ?ﬁ&g&e‘% Sﬁ@ wtical
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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.



5m xture of solvents; and spray-drying the substantially

wat er -i nsol ubl e pharmaceuti cal active ingredient with the nesoporous
conposition to entrap the pharmaceutical active ingredient within
sai d nanopores, thereby producing said pharnaceutical conposition.
100161 In certain instances, the substantially water-insoluble
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XRD pattern &)f Sﬁ]a drled i buprofen (Sigma). [0024] FIG 7
i |lustrated” a %EB &of i buprof en co- spray dried with SBA-15

subm cron gh magnification, ri |.ow magni fication).
[0025] FI e(lé’ ﬁ| Iﬂ??er%ﬁd cfaiﬂe%tﬁ 0% 3%@8?41{[16%%&18%0%@% apparent
co- spray- driiRf rédUpEPHhe figUes &&ﬁ&ué@dééﬁ R Whith BMdwsonpared with
comercial ibuprofen in the crystalline ?orm 5[0026] FIG 9

illustrates dissolution profiles of spray-dried ibuprofen/SBA-15 with
di fferent drug |oadings of 25% and 75% [0027] FIG 10 illustrates a

XRD pattern of spray-dri ' ) - ' [ nt drug

| oadi ngs of 25% and 75%1?&115@5?5@%3?4‘@@61?{“# ﬁﬁgtl‘&gf‘gg a

di ssol uti onj0qu8pf iHIE. afillushties dit@hitOBArdessyispyy diticé tbubfofen 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, (¢) 6 months, (d) 10

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

[6020] F1G. 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).



10di fferent anpbunts of ethanol. [0029] FIG 12A-B illustrates SEM

i mges of SBA-15 particles of different sizes (A: mcron particles up
to ten mcrons; B: nanoparticles with size of 200-400nm. [0030]

FIG 13 depicts the dissolution profile of ibuprofen spray-dried with
SBA- 15 particles of different sizes. 15[0031] FIG 14 illustrates a

XRD pattern fo l.ated i bu fen fornulated with SBA- 15 by ball
milling, inb@éanaﬂe&n’ &-faé%?ﬁgfﬁgﬂdﬁage[ CBrotE e sPrsy-TRYC N SRASS
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conpar eds Wi [02€]onFlG. ¢ iflustfaen aissblandeprofildh SE@kditdred PRI ASBA0S wWith of
0.1N HCL w ‘i‘% 0. 55/0 0{ .Weeng?(r)%'o 20 gﬁ( of fenofibrate and equi val ent
active i ngr SUFERL PR oadings oy aand bt i brate are tested at 30C/ 100
rpm). 25[0034] FIG 17 illustrates a SEMinmage of spray-dried

i ndonmet haci WPSHA- B¥G.dGilastiaisn a gk patteasof spe3ied frugrofargSBAPiScrith t he

SEM i mage of;igsRheHudoh&8eS gn%fdagh e/ SBA- 15 submi cron particles.
[ 0036] FIG 119 flﬁfﬂ%tor at 6s ag = |na/g'e of spray-dried

ur sodeoxychgli&/ <15 .subni crqgn tticles. .[,003 G, 20 s
oSt rat ooyt T SRUSPAeEh 36s i R of ipRbly iR s 5Pyt Fon
particl Bs. &ffe@d8imduhsof2thandll ustrates a XRD pattern of
co-spray-dri ed nmesoporous SBA-15 submicron particles with (a)

car bamazapi pg29ndrid)i2 Avg arREAaEs EMakhEs of BBAGED Al AAF RV LAY (aone
year. [0039] FIG 22 illustrates a XRD pattern of co-spray-dried :
nesopor ous BERNEICAS WA i pigonk:dE: erangparticlesayith srosl 008nmhd ( b)

ur sodeoxycholic after storage at 10 40C 75%H for six nonths. [0040]
FI G 23 il 110830 ati@&. TBENEpint deesdisbluties ppditaofsbupaston sprapdeal witlh8BA-15
mor phol ogyﬁg%lég%ggif&gnggi%g e. [0041] FIG 24 illustrates SEM i nmages

of mesoporgus carbon and CoO-sprayed i ndonethacin wth nmesoporous

car bon 0: : 42] FI 5 illustrates di ssol ution profile

of p owdl( » f@&%)spvg-[lgr‘ . t@%{aﬁeﬁa patternpt formu?atedaibupro en formu?ate 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.



wi th nmesoporous carbon. (nmedium: 900 nL of pH 6.8 phosphate buffer,
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w.%, tenperature 37 C, stirring rate 100 rpn). DETAI LED DESCRI PTI ON
OF THE | NVENTI ON 20 |.DEFI NI TIONS [0043] A "rnesoporous conposition”
as used herein includes a porous solid having pores of a nean

di anet er of 0&% |l e abﬂut 2 nm ivg about 50 nm _ "Mean di aneter" as
used her ei nl00AY Jlile: Blustiates 2 oEM ippee Qhenray-fgiedyrsodepney cChlicESBA A et er s
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Rem ngt on: paddesraceuti cal Science,” 18th edition published by Mack

Publ i shi ng Conpany and as used in the industry. In certain aspects, a

poor |y it ejposs] Ui, 21G1RekHRE a RIS phdetbdtidoaplay-dMal elesbpdsails WHAL 15
conpound |s%’gr eferably one having a solubility of < 10 g/L, in
particul ar BBmiren pHclsnvh @) rabinpazgpiae apdi(hy yidemethggip afier sigregsrat ( at

25C) . [ 0045 goEPBosri a5i%ne ¥ Ng i nproved water sol ubility” incl udes
enbodi nents wherein a subStantially water-insoluble drug as nentioned

above can e . [ | C 5 product. by a usual
fornul ati oﬁﬁﬁ%ﬁh?dﬁ%'ﬁ ilﬁr%%%{/gg%enﬁ }(})%Hel Osfi%gbs U anie%{?] SRR SPA-15
Speci fi cal | spbmidror pdréelss wioh (a) E&nsfibiae anl &lh) urdvdesothdlicldfteystoraganat er  at

about C i 8,0-mRE to about 5 tinmes, preferably about 10 tines,
and m)r21 pr@gﬁﬁwgﬁél"trp “or nore using the methods descri bed
herein. [0046] The term" am)r%hou,s" i ncl udes conpounds having no
particul ar [RPHYH TiarZddlustratcs HEM: imeges of mesppaseys sagbop reveal thgjr morphology

i ndet er m naing pet'sakmie Which is not crystalline. Due to the stable
anor phous form using the anorphous state of the active ingredient

will signifg tl ' j f t

gr edi ant 102" ACERIMGRED S SR ARabBbE Gl htie) |
one enbodi neddmethdean pite sesdpoiowy embo(30FH0ew) des a phar naceuti cal
15conposition, conprising: a substantially water-insoluble

phalr macllé_ut i [om]tcz] amlicmsiimgtrﬁahdi eagss;ohahma paofgespw&lu lsorﬁlqm@sddeii Qﬂilohlg}liaﬂiﬁ
a plurality aof nanopores erejn t subst ant i wat er - i nsol ubl e
phar maceut i €& PEOPP s FBeTe dmsAim 39056?%9§?ﬁérgi F_@‘HSF%{‘BES@P_ & OmerPtspray-
NMESOPOr OUS d:RARARBhic ARintv tiBREsoprold\ A 08B0 HbACRINpaGHIY €7 °C, stirring rate
20i ngredi ent within the nanopores.
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



[00481 A wide variety of active ingredients are suitable for use in
the present invention. Suitable active ingredients include, w thout
limtation, antacids, analgesics, antiinflammtories, antipyretics
antibiotics, antimcrobials, |axatives, anorexics, antihistan nes,
antiasthmatics, antidiuretics, anti-flat uents anti m gr ai ne agents,

bi ol ogi cal s tein ep tldes i gonu

anti - spas noﬁ?’%éd%n&f&ﬁ?f”@@@ rﬁ‘f‘Y‘H%ﬁé‘f‘iH@f f 1ﬁy§@ﬂlléeé,‘5\ggsand
anti - chol esp@ﬁa{z@lyqfreﬁfhm);esqwaﬁ&qgﬂﬁg@} t raan| lizers,
decongestants, beta bl ockers and conbi nations thereof. Fenofl brate

and oL o ikt R YE SRS o SEANSARE I bl
pha & maceut i f}ézbthgmélamam inyofpbizidrep asmﬂmrohedjdqgvé oan l&()esxdmspd marmaceuncal
car di ovascu cosi des

pr obuco?§ Pf%d%"g E’g s%aan&élm %ﬁ%gl © ega TPRFE LTRSS ﬁg‘tt? ﬂatyén 80

bar bi t ur at eSpecﬁ‘mdlE;a rilitre&m th it §t418 thaethg solutsiAfylia wazee pt zibeut 1Egheimreed to
and phenytoi.n

chol phar ents e. er phenazi ne,
anal gesi c a?'ROP Péf? (Prg?fgbléﬁg‘?“t ﬁf‘P’&ﬁ%ﬂf‘W%‘g@Fﬁ@’ {‘ﬁ) gries R AR, the
oxycodone amgthngamaa@lbﬂain, anti-neopl astic drugs such as almtrine;
and antim crobials 5such as erythronycin estolate. In accordance with
Lhe present jpyenem raaﬁ&rgﬁwsafnkmdarc%&faam Halig ﬁmaﬁamm %Firgcter
drugs |nclude anal gesics, antipyretics, "anti-in
anti m ct®bi patlen atstuitgred £ant Mdgtetnianit stmctura whicds nmmtaﬂﬁ@n Dw; to the
particul arl resent ventJ on.
[0050] heérfa r%@%@gbl oa%gﬁge ag e ﬁ;gué%ﬁe%g h%a? )i ltnﬁre 16:Irlte‘glélnt
i nventi on isiglifichatl{ Gahmed theﬂ:ssaumm’ateaﬁtﬂemmvu Mgmanemovfeomasmlme form.
| i docain, prilocain, tetracain und etom date; antibiotics such as
fosforrym n, 1f oermeEpmg ri fapentin; antihypertensives such as
m noxi di |, di hydroer got oxi ne and endral azi ne; anti hypotensives such
as di hydroe em c.antimycoti cs such as ket oconazol e,
m conazol e @ﬁ%}]gﬂ“ BF’@%?/‘% Hlemaﬁ’te.%%%g‘?"§ﬂ‘%m§ﬂ‘ FS SRhARRRSHIS aci n,
di cl of ermc, contpapition @Bmpliihgpr of en and 15pirprofen; antiviral agents
such as aciclovir, vidarabin and i nmunogl obul i nes; ACE inhibitors

such as captopri Isuaagnﬁngslkamﬁsolulaﬁta%%&ﬁrca a%H@én gﬁedfeheaﬁ@nol ol,
atenol ol , netoprolol, pindolol, oxprenolol and | abe

2&?232‘3?;{ o or S HEgDyd Ao AP MR SISO R U
ni nodi pi n and nlsubmnﬁiaby watec-arsdiuble pghxyrmositiddsacsmhgmdledu 1gsﬁrayudn1ned

20di goxi n, neth Lq0XI: nd acet v oxi.n alos orins such .as
ceftizoxim cef é? X ﬁ""“ﬂ t?a‘inoﬁopﬂm ofs%'f)gxci ‘F‘Fﬁmgﬁe ?celétlcélﬁaccﬂ"%s
chl or me2thi n, cydhgrpdiasphidiin the nﬁﬂiﬂp@feanbum |, cytarabin, vincristin,
m tomycin C, doxorubicin, bleomycin, cisplatin, taxol, penclonedine

and est ramugyas); MWM@ m@ﬁweaﬁgréalaﬁtam@aﬂabw& ﬁ%ﬁmr@éagt invention.
| or azepam §) %chotro pi ¢ drugs such as oxazepam di azepam and
k<

br omazepam Be artiveriperadipes inglidp, withoublimitafioneantauidsy atalgesics. iastime,

pr edni sone, i i & anﬁeé RMyrdRY AR MRS %ﬁmw%@ﬁ?%%&'ﬁ@&ean&éﬁ&nanol one,
testosterone and testostérone undecanoate; vasodilators such as

mol si domi n, ankipigtanlines; aqlt:aﬁhmmqqy@tléiuapzm anig-dlaigntal antigsgreling agantss bislogheals
as di hygdro [ i pones..and t

anal ogu s SERRHEL bl SBMERLAR bt} Rk nodly BRI R BRI
such as vi tamrhypeﬁtpnﬂesLantll-’chahsketdlneorrchoiestembteelsc;mg, mmathmsjelscongestams

herbi ci des a?a%i@&e;sl a(r:lld g:gr?lbf?lléltiohns 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;
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30as acephate, cyfluthrin, azinphosphonethyl, cypernethrin,
fencl of os, pernmelthrin, piperonal, tetramethrin and trifluralin.
[0051] In certain aspects, the substantially water-insoluble
pharmaceutical active ingredient is present in the conposition at
about 0.1%to about 75% w w, preferably, at about 10%to about 60%
w w and nore preferably, at about 30%to about 50% w w. [ 0052] The
active i ngrﬁzﬂ ogHFEM St aTeSeARESEAYPIOH R A1 R Diiateprasd aptigpilgptics, e.2.,
phar maceut i &.@ban%slslhy%épaa{ye@ﬁ %ﬁenﬁ!@%@}ﬁ@'&holhﬁﬁnﬁ&ﬂdﬁ@a eregd' ents

i nclude agrochem cal "and specialty c emcals as wel or ous
Mat eri al s [ DOBBhagine, eealgesicrnfipupiés andcntispllammatorytageshargraepwiesal
conposition (9

conposi ti on I S Jeﬁ]% g@% g@&?&hhﬁ%{ Sk 11%8 lh@tfc s@?chaasqﬁ‘ﬁg'%é antimlcroblals
car bon, 2l ustichas erytrdonytdsestdate) hlaﬁteer;damuemltkdBSpth mxerdms pdrnncmm ain

aspects, the r Qus..c si.tion ses_an, oxi such as

o P care. | IeaRE SR PR STS e BeFHE e BB sS: ediibertny <
sel ect ed frguent, hetirgicobl) edvhipdsdihts aNEMitﬁﬁst&l%@s IbuprMekris P\ﬁﬁ%u@dﬂ@
CWK-3, with SBA-15 and MCM 4 ei n Qeclally preferred (see,

Val | et - Regi PIE{eTE¢ In achp{gRRGE SRS nél Ft9nati onal Edition, 46: 7548
- 7558 15(2007)). %g054] I n one aspect, the nmesoporous naterlal i's
within the 0839 f@Qfer grughenbiongtiveagisnissuignbicfoshe gragent inveiinn weludhat

can be stﬁgﬁh LR

etal . croporoﬁgg sg%gp%ﬁgc%gi %Eaélﬂﬁéﬁﬂgﬁéﬁfﬁngg%%§1u%%%%%@-gin
aspects, SBﬁmbﬁﬂmanmbeSEWﬂMh@smﬁsmmhmn@unnuwdﬂmnnm@mymnnnsun&amnam$

ol 025 e BRIk dhtraa R YEE Bl heBlaalE bRl hRE RRRSE 207 hees<

wal I s. The pore $1 7€ 5@ surface
areas of pO(ﬂlhydAﬂérthalﬁl’rE syswaunm aﬂlmbﬂibshu@fnsd@mmﬁla,tmmaﬁazofe aad | anol

whi ch t t I d I th di f
durT hce T nGE ORGP ORBEEUTR R of AORBLB Bt I O o Pl Kefpporn and

adj ust atd ehﬁlq;roiﬁnfafnﬁmeﬂtag@w 042 l@§adri]lflmfm |vﬁﬁ$ﬂbﬁx daﬁsﬁmmﬁe%lbmxtl)ﬁ@i tAgloﬂ(n)
aspects IS m,E‘SOpOI‘ ous nat el‘l S ave sur ce areas about to
25 about zd@bl HRT SUChig CARIPRSE a@m‘% erﬁgw Epechep progianp e dteaplehs of

about 400 t@etb2R01[ kL, d@re%srol ﬁ!ﬂa@étﬂﬁﬁbfc%@hc@ﬂ%ﬁtsﬁeh dshe use of
nMesopor ous conposi ti ons enabl e the use of the anor phous state of one

or nore actPAFOPHELEIMddkspbreyecaltivm sngeeniftosueh f diltingercilyngezin,
I ngredi ent yegah@Phiddhiif riflodibf MaRR=LABHh; PRIR0LN LS Gk WiksxmY en

under stress
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.



30storage conditions. [0056] In certain aspects, the nesoporous
conposition has a particle size of about 0.1 gmto about 100 gm
preferably the nmesoporous conposition has a particle size of about
0.3 mto about 50 m and nore preferably, the nesoporous conposition
has a particle size of about 0.5 mto about 30 m For the particles
w th rod- I|ke nmor phol ogy, the 5dianeter of the particles i s about 0.1
mto about Iglrfert?fﬁ@aﬂeaﬁsseth%F%ﬂaptlalkywt%gw&lw@r@mw #GtyA has
a mean di a”ﬁéﬁﬁ;eﬁﬁ%feg&tﬁﬂ'ﬁb%&nﬁ&ﬁ% at?Qoomoh?%ébodtﬁsa?%ﬁ;@hﬁfagf&%&s

t he mesoporous conposition conprises a plura ores having a
mean di amet ahoubf0%apaboutic 0w aadboote pl@ferahm atpbedtéﬂ&’d)ﬂowbha\ﬁl)%gw/w mean
di aneter of about 1.5 nmto about 50 rim and nore preferably having a
nmean di anet @052)f TG abm&ag&di&mstoﬁtlﬁméntiiﬁ)veﬂMn 410 QEctgratln pﬁ:&hfaeéuﬁcal

ot her as ects t he .mesopor ous osi.tiopn conpri ses pl.ur y .of
pores havi nMfi¥e MEEHYE) ot éﬁ vegngred ﬁ’c[%'}e a¥8 enﬂcaéa%clﬂFE:}a‘é}hd
nor e pref er@binycalsasean vol ume of about 0.8 cnB/g to about 3.0 cnB/g.
B. Modi fi ed Rel ease 15[0059] In certain aspects, the fornul ati ons of
the present inveptiopgdeli at a controlled rate (e.qg.
sust ai ned, prol onged, & # ggaﬁ“gﬁ#gtarded release). It is often
practical to deSIgw§ osage forms that use a conbination of the

f or egoi ng n@BFHni rtgim paefired/aspect Aretphenmageyticabiostnoaitipe of e presant
profile for;

recogni zed ?/eu?ﬁ%g{éﬂg{kﬁ Pgﬁ}p:o}r/?%ts h&ﬂgﬁmotﬁ E%%elég \oﬁsJéA @Q%Béua%g{égﬁ%ﬁtn FUct
that of ¥er ssilt@pedcbanphlemiranesbides silisided) nigdds @nd emdq:splle certapt agpedts, the of
Pf)r@eu E: lzﬁfyr%{i.g%p%rrgg 0 Cli'npomltlon Q&Hrgsfeym}aé% f%‘!gc aa%taas %0”5 Jge[ggmfp(gefmed
control | i ngaspdues, ﬂelms;a)rmfs compogitiomBreleaed frvna thmgbqﬂomcsd 41, Q\@Gﬁl}zt&me

obj ective i fied e a oY i vide a desir
bl'ood concarae UET ST ARRE"E BRGSOk EvicRe o Peisksriri Pt
the drug. Ruadaarairest ot .al 288healife Ohohiel IRtefratiom Baign) 46: JoYELnesk by
the rate of @%%orptlon of the drug into the blood, and the rate of

el i m nati orf28Y7 % he drug fromthe blood. To be absorbed into the bl ood
(C|rculatorg stem), the drug nust first be dissolved in the gastric
fluids. For 09$1és dnjoat agpretelly mesprtomus meieish iserithin thg M femilyi hasiok ueduisn

. fri

control |1 nd ThaRRdi ROkl (helh b Helelodty Sttt ARRRAFLS B e,

dosage 30f dﬁimla eﬂdld\ﬂsfémrousméeswwmmﬂ/faf@f 27hB3 I 9 18P9Ir ligreathis@sseison

into the ci SE; lgtc ye Yak8 qu tlymélr_: A8 2 -’:ES%H&BSQMC!H?H] and
Y, 0 ais i

cor r espondi ng ype m or releaseé
20  diversity as well as large pores and thlck walEs 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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profile desired, depends on, anong other factors, the particular
active ingredient, the nmesoporous conposition and physi ol ogi cal
condition being treated. [0061] One particularly desirable PK
profile is achieved by a dosage formthat delivers a del ayed rel ease
di ssolution profile, in which the rel ease of one or nore doses of
drug from5 osage formis.del ayed for a pre-determ ned ti af ter
Contact i ng SWshe ket i it ralligh S egercE e e o 0
exanpl e, af igﬁftolaB&QS'OO O, Pifdrity PRthd@PoroukhBm8difdh MR hipadicle FiARDS about
time") can be followed either by pronpt release of the active

i ngredi ent {:3dun fabgubift iwn apd mgre Ib?fe;gb's tHhiemeagogopeus| comgesitiorehes arpddit]e

or retarded). release, of the, actjve ingredien "del ayed t hen
sustained")%zﬁﬁéggu BPS ﬁP%§5§gﬁLgﬁggﬁgwﬁg%Féggugﬁﬁgeg@pﬁwggyfae
conbi nat§ on dRefR sOMO bAGsIeTRLB5LA. SumaS bhotesh B nRR SrefoWia), ey

anor phous or crystalline) and coatings. [0062] In certain aspects,

t he present TiCPRPSMUS 6pmpestiiindes a fnsamdizmeicoatruphd vai 1o showddtlimon of t he
APl is anorphous and another portion of the APl is crystalline. The
APl s may be[0058] sanerain adpdcispthe RiesopdiodsitompoBidiedompiises ARy $odF!
has a rapid, re| ease ereas. the 15crystal]ine formis |

rel eased- sl SRS 2 BFa maetﬁ’b‘?'ftai’@ftl e F‘é}sb 00 nay, prefsrably having, g mean

anmor phous  deidghefedBf 4ul RRERM0 kBout BE NRGNE MRé PéRrabBIVERSa thB diameter of
crystalline particles can be outside the nesoporous matrix. In

cert ai nl®rbdhfvhe Aigo aboHE 3@@BY phous portion is one drug, whereas the
crystalline drug is another drug. In certain instances, the solid

di spersi on W88k i bewtrihmrothen aspeitsitbe mrsipaminy ednypdsitioaompmosep b plisalitp ofn
20[ 0063] In kN .0 r e t | Ve | i.ent, of th

formul ati on” (grg%:%&%agﬁlg% ‘{Oﬁgﬁ? (%f/%?\ G 0tc‘])iralmﬁucs}é E’oa(r%\)? %ﬁ%g’gi% al%ad WS4 pr)eng %Big’ 2
matri x as t heacvolemabf dboet 4.9 e/ or atdbet Zhgen’ el ease. The architecture
and vol une of the pores can be nodified in order to achieve a '

tail ored rel easeBpr ofMbaifiel ®fe4le The active agent, either in a
crystalline form an anorphous form or a 25 conbination thereof, may
be nodifi ed f orm del ayed rel ease, gran S. In certain aspects, the
or anul 66 ar W09 PP Ao G PR otohS bt GErion GeiveEe drok ng
coating. | nedoeiléd tareqeat @dtained Prolohgdd, Gténddll 6Sretk®drélpise). relsefss

granul es, which release theif content nore rapidly than coated.
granul es. Thectrelckrien dorge mﬂﬁbuse@épmﬁgla oifhe foregsing pagshanisms to

material, f@hi%apakiRuidiy 884@blk GelORE YFile fob B BartiBlIR acBN BbieQicR! 1Y FAI be
is atermof the art 30 referring to a polyner which is

pr ef er ent i alePSibsisFRRRiZed Py thomeshilkdsin s agt thaha dosraedprm emstrwrs thaneers i ne
relative t onbliBldMhEpRE iRy fcfr%?él%@sgglfulrﬁlnfoﬁﬁd?gﬁ‘i&)and vlgl{uﬁfaéF;ril

Exanpl es of enteric polynmers include cellulose acetate pl ate,
cel | ul ose apwtenlalyadyeaitagsons fopis Asibilify inlpovidipha hiahiear ef different mechanisms

et hyl hydroxygel lithaaanPhidial Al BPRLI:YL AERHALE phthal ate,
y acetate-nma

pol yvi nyl butyrate acetate, viny a el ¢ anhydri de copol yner,
st yrene- mal gl.c.,MA0- est er copol.yner . nmethyl acryl at e- mgt hacr.yl i cid
Scopol yror , DREUhaans Svahs SPRAATE rleaEperbes BohY o hrofie *derfot
and the |i kencdimasion easushind(phainRtdligstic Jdr@ES padfilé For G drig) A irdBmenthley,
enteric, coati nma | so,include starch and/qr dextrin. [0066
Pref er rd che Bk 1_80%'63 T YU eteoy TAFSDRINE rath el LhsPRREPRPIANT Jrugdntp Ihggieoc,
"Eudragit” @itiReE tafe GTRADHIRASN oBME AndSronEAMIdt "TEWE B Bed S0 tRilood
"Eudragit NE' used either ) )
(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



10al one or with a plasticizer. Such coatings are normally applied
using a liquid nedium and the nature of the plasticizer, depends
upon whet her the nediumis aqueous or non-aqueous. Agueous

pl astici zers include propylene glycol or "Citroflex(r)" or Gtroflex
A2(r)0 (mainly triethyl citrate or acetyl triethyl citrate).

Nonaqueous Rl asticizers inpclude these nd al so..di,et hyl .and di bytyl
pht hal at e a8 Hhdstesh ehendcon anormriBaon, he Byl a5ty Pekdisuc e
t he phar maceiskdposius campmitiohiaad phyiolbdienl poeieitbeingeaiedons have an

i ncreased dissolution profile conpared to a pharnmaceuti cal

conposi ti onjoyeijhodhe farliBis &&H%}&Pﬁ%@\?ﬂlél ORhieVed B £dds@ie ol HEBdeliv
ot her i nst aF]ces], thgﬁ%orrp%??ti ons and net hsods1 h%:%it n Sgég gi I anolEI s 2

groups of t Adayedseiprse dissolniananefale sin rdhigh the telegsradfi ope or mereglosdsad dngtfoom
make grafte ' ' X ' . ' I

active phar ?rlggg%g? (k:(ngSilg h%f%g‘% i fé% &E%%%\fcg? aetaug% gﬂl&ﬂgtogtra ac grtlhevé 0? %etfﬂrén
surface. | nbealqud mediung sudhres f@rezemmples dier sigedtmodyitls fatiantt Tbadtlay paiod

with am no oupsS.., Thi.s too ca dif r rel.ease,.(see, ,Val | et - Regi
ot ol AngElEED RO R R s aiest B R VB SE
( 20272}I ). f C. Nhfktfk'lpdr 18f subfaloie ﬂg;)r_aﬁb@eﬂﬁ&\]ttfeﬁﬂh&, ?mgsxeeu)éélease _mt:ihg @F]Weqyéréﬁ]ént
met hods for  naki or prepari t or atjon descrihed herein. In
certain as p%g%algxegglilﬁél HEFRE S 33%?&? Praﬁg:'ﬁ' @ffa#fi TGIEHIEA YSIBE ¥PERS| ons,
havi ng the altihdiinbOmpatdub thaBRRIsPRAVS ingteAledtsqvhoME SorflfugoACl i Ve
ingredient(s) inside the solid dispersions. The anorphous form of an
active i ngr&dstelHpe)iagd 8paHEs-i zed in the nanosi zed nmesopor ous

structures even under stress of storage conditions. 30[0070] In
certai n asp@862), Iniverthiomspstst the prebeant prvemamauio bgesdopnigmas wherene ey
dryi ng of ials with a.po sal ybl ctive
i ngredi ent n@@%@%é%ﬂ%@&% @éibalné\fh %ponslg %iﬁ%/‘d‘gggﬁ‘l%% alljilrng' ot gg&v’%& lJse.
The final sthesandorsierentodn ddsmpanee shecamaphumis P hiasiagid(rpledse cwiierng the

wei ght):. (a %ip 75 % of active i.ngredien b d the bal ance
bei g bbt oo RGBT & Hisiser Y Sran P HEbPhn g el gHEale dn morphous
carbon, up drag t8beieadgtitin the peeniolund) whelchathd cBSiaREE partitle canel daside the
i ngredi ent can be i butgr of en, fenofibrate, indonethacin, 5

car banazapi MECRNGUSMEBTe J% G178} FTRECENERLS. TRSMOrPHAYS BAEOR HiBaIMHEnFherede

present i nv@etiyemiine auigdesnoticer BRI 0Fl cdrdin REBRRE, tRsofid RNPESRA Abdcticad
conposition, conprising: . adm xi ng a substantially
wat er - i nsol YR SHAE FRALSYRY WaAn amorphpss fORgr edient with a mesopor ous

conposition having a plurality of nanopores in a suitable solvent or
10m xt ut® off063| iasegain gihgr 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).
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spray-drying the substantially water-insol uble pharmaceutical active
ingredient wwth the nesoporous conposition to entrap the

phar maceuti cal active ingredient within said nanopores, thereby
produci ng the pharmaceutical conposition. [0072] In one aspect, the
spray drying is inplenented by dissolving a poorly water- 15sol uble
drug in an i ¢ solvent such as ethanol. Suitable sqlvents or

co- go | vent s fhroggln u géanéﬁl‘? eﬁﬁe}?‘éﬁﬁlp’??rsk’é(i%‘bq?&!l“léﬁ Bpigte PZ‘EW@F% cellulose

al i phati c hygtecachions, mahAdeuldse PMAioe BIRRINRAIGR kb0 vent s,
cycl oali phatic solvents, aromatic heterocyclic solvetns, and m xtures

t her eof . NeRelyviaylagetripplrleakde melyyiny lnuiyrets epetaie.siei seaipte-malpiq andydride

sol ution un 1vsiter 'R it {.Qr I Cl )

solid sus peﬁgooy?é(’eﬁgra? r@%&g\?&edrn glr‘%ﬁ{ %m%fr’srg%tﬁ}a% i s%%rntg?]g%@fgg?l&? hen

be co-spr ayCQIJOIY_@ItI, acg]late-megfenmiiaksidactyy pirglate copolayediayd thg like. These

o vent - corer e ST Baties 1 REIPiong TBnaREe coonL oy o PR A ArEd
dryi ng gas 4riéir dekteims i nto the drying chanber to renpve solvent from
the atom zed sol vent-containing feed and product coll ection nmeans

locat ed dowmgbs|eapeebrell BterddcdiliNg REtehlRARGhe cdrtARIaRS aPdilaBld ®Budragit"
apparatus include a Buchi mni Spray, gryer .B290. I n certai

i nst ances, $H&icHohaRery sy "Bppragibk us "Fudregii$ pped "EwctragihNEﬁbwpqi githgr
nozzl e r 1.2 z i-ni f : ; -

or oduce el T Ray apy S8BpaH, S30h oboreh i § 2Pl MR edium, and
di anet er, athe naturetnditieerplastivizemde pohidstupen mhgihethé eediudy is pinesoss amubneiqydong.

gas, leadin i.d. ' f fluid to.fornesali.d partigl es.
025, Lo PRyt A IRl P A S BB A4 By
subst ant i al trigthahwitrgh ouscegyh thieshylb sitrar).i Hbhaguirampipstidousinslot¢ theseradodiaus

di spersions,.of druyg..a opor ositions or materials. Inlet
and out | et ‘ih%thﬁlearngt%ﬂ)ﬁgﬂggﬁglﬂ aﬁgﬁ%ﬁ%?g%f%% (e.g., 81C) and 25C -120C
(e.g., 50-5 respectively. [0074] Although spray-drying is a
preferrkd n@ﬁwg nsrrigip apbar 3prSh hatharmaseisasomosiin e tdhhpsesesh
limted. | nindggiohd Rie bR idcRGEA EHIERLION poRlcbnPhicl ADa pRAhcdttibdii NY,

i mpregnation, 5co-quench and m xi ng processes can be enployed to | oad
poor | y sol ubrPogition withet 8 maseRisessemPREtien eranajeriaty her net hods i ncl ude
for exanple, a dry blending (i.e., direct conpression), or a wet

gr anul at i on[0pé&lc elastles irstanews, the corhpositions andmethddsyhelrimnstisignol dioupcof the

conpressi o ctive inaredient or ingredients.. t.ogether
Wi the onbrBoaRematifls Bl G TRl waRPRARLS Hefig A
t r ansf etlr ed(RO});:8R’). yInttio's avacmarpthe sgtive pharachéutiealfingredidphesmicrgselint o

tablets. In t granul ation me%‘{]od t he activye ingredient of. .
i ngr edi ent slfl%éa\rlg\ﬁ?lb%ftﬁ Ceutace; I eqftaln Sthernstances, fe; Sﬁﬁg’%’r‘s hﬁ%@?&?egn‘mﬁ?
a wet bi ndemife g@ups. Arhivgt eaumoditpiag raéRE (e, PasikERedler 810l ukbamdaf
pol yvi nyl pyrralj done%? re.mx g ng ranul ated. Alternatively a dry
bi nder may YETHAOGHE ngr@ﬁ&“tﬁ &(4 i'"gﬁéﬁl(%o,()%ﬁnd the m xture may be
granul ated with water or other suitable solvent. Suitable apparatuses
for wet granul até-on 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



15are known in the art, including |ow shear, e.g., planetary m xers;
hi gh shear m xers; and fluid beds, including rotary fluid beds. The
resulting granul ated nmaterial is dried, and optionally dry-bl ended
with further ingredients, e.g., adjuvants and/or excipients such as
for exanple lubricants, colorants, and the |ike. The final dry blend
is then suitable for conpression. ©Methods for direct, conpression and
wet granul atol Rt rBixBes assobieatsk ABGAN3! solbdiprersion commigesn arweigkidiesiss

i norgani ¢ nBLREA®ySweIR): LUP1 §@tb!78 % Bf 4chGe Risflich#®Y SndPhe Batkn@Pelnd ﬁ%ﬁﬁs
gmwith pOé size'ranging Trom1 to 100 nmand pofe vol unme ranging
from 0.2 t oingrggnie nRiegialssO0V®] mesdpernesaylécarsd yarbomh ap el Hbdeighimpercent. In
effective tQ 1Lnnr . SSOl Wt | i p- ueous
ol ubl ¢ pharTeaRER, Jnegedl<Jaar At BE Rubioflh, Rnofinare B ARC
prepar ed possEsszaiist ardairsodbyssclaic asidabi | 1ty agai nst
re-crystallization under stress test conditions at 40C 75%H for 1
year. W thoub7hiei RbnbemBediR¥na M pRakitiisiéhén proGaey a methddFoliRbpemed
that this significant inprovenent is achieved by the entrapnent of
amor phous dP@gBACREHG] PRBNSItiRBFSEIPHERSDOr es of mesoporous naterial s by
co-spray drying. The amount of drug 30 incorporated in the nesoporous
matri x can att aiadmaxipg opahstantallyofaterpnsodublSphamnbeeeiical betive ingpédieht with a
powder, dependi e -dru e i . tion.
10077] " 1 cort aitfeoaRsbcoiBYn flrift 4i8uAHHRS sElps P P FRRRRORBhc o
co-sprabl dri ed wnikhye sftwolven@ngide, nesoporous SBA-15 subm cron, nost
of the active ingredient is confined inside the porous structure of
SBA-15, thus thepayideying tHefsabantiaN PR akAG¥oluble PRAmRBMIL O StHveGhaediest:
The internal pore channel is filled with the active ingredient and
the outer 5surf U BamepROFPUS SomBREM eRiFrpAhe phaymagentical asfive ingredient
active ingredi ettt fnopdiBe tRtybrRRfcRg W phaPh&X¢ e cdnifsition.

re-crystallization of the confined active ingredient during the

storage at lﬁ@%gfj%c%g% a%%ctaglgits 118? Pgrax;é'ﬁ? uﬁ%ﬁgrg%f@ %}é&l%ﬂfl\ﬁg a 1390%6’ ter-

active ingredi con sopor ous” naterial s,
i ncl udidy siolubleadrug ardnongandmnsblentisuch as ethaolisBdtabk salvestts pr co-sblvents
nanocont.i nement

formul ate pogr sal ubl e. d s wth the objective of

of poorly uareieEfeRutys b8kt s RN a0 S P v 1
| ong shel f -hydfcearbohid) Bal8}penkted sslventa@eclsdlpbatid dojvendsarb@sticitktérocysy er e
storage condjtion af .75% rel atJ hum dity and te rat ure of, 40 C,
denot ad as PN RITIFIEEITE o ATK: EREFOLE 2oL DS SRR e
enbodi nent ssohfidd uhde? Bidring X6hdHiG1RtSr sAFfRidAS® fhe tdhmhkea §diRUpRhdiaNE. LOf
the present invention. For exanple, suitable fjllers include

wat er - <8l ulfvé rﬁ@ssP"b‘f @Sﬁ%?lg;g?ﬁ}‘d?"é‘t@s‘msgﬁfﬂﬁ’ drigdsygars, which

i nclude dextrose, sucrose, maltose, and |actose, sugar-al cohols,

whi ch i ncl U8873arnigewsral, s bipisial wiray-¢rsiingiappAratusganinrises a drymgchamber,

e, vat er o e i AR b ot cBRYRER b b BomeRiinbety source
or ot her ceifheiteddnyingeaas that flowsintoshe dryingrbembér te remegversplabs feuctheas
?ihgflagi‘ um pa@&rﬁ&@@éo?\’/eng—rcénqglhﬁig lflergdggg ;S)R)Iagét%oﬁler}:goﬁ Hl%arllsi 15&%teadnc{?)wrrr1ist)r(eta9nr Sthe
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 pm 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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[ 0081] Suitable binders include dry binders such as pol yvinyl
pyrrolidone, hydroxypropyl nethylcellul ose, and the |ike; wet binders
such as water-sol uble polyners, including hydrocolloids such as
acacia, alginates, agar, guar gum |ocust bean, 25carrageenan,

car boxynet hyl cel | ul ose, tara, gum arabic, tragacanth, pectin,

xanthan, gefh@flalsOf éi‘%hcpout[@'teﬁ-xﬁﬁ%ré ofh beRD ST OAREAR RUSOdili 2rC
Ianlnarln scl eroglucan, 1 nuli whel an, rhansan, zoog an, ‘nmet hyl an,
chitin, cyc+6@§&(¢gnﬂ)EﬁEBO§aNCUﬁﬁNyV|nyI pyrrolldone cel I ul osi cs,
sucrose, starches, and the |ike; and derivatives and m xtures
thereof. [O@824] Suitlicilgh epraiSiryiheBragpeferredinbiticefos p&bumisﬁ aiexrhethods herein
gl ycol ate, cross-1jnked 30polyvin rrolidon - |.j.nked

car boxynet h¥ff &8 SP&'I“BE‘E I%?‘%"é‘{{b@ g“h‘%?‘?fcqfﬁgrf‘ié Wi“f%eg%gﬁnflh%élép‘”e&??&“’%e
like. [908glq éﬁ&t A x| rb &85 Sarl RISy eld dNBag Pedrly Joﬁib‘lé/d %sh f and
their salts, suc as magnesi um st earate and stearic_acid,

gl yceri des BmAWDEeBaterigegPhesmethods icle asramyle %kien@na (icgordiregsr
core portio C

the 1 [ ke. oo Rl PrE R N et b R Sl o Bl By il @R
for use as ¢0@m@sslenhmdh©@uthﬂgactw origpddagnt or mmﬁfante, tomhee withild ¢xglplients, are
cel | ul ose Ll t|v

pol yal kal eﬁbgle O&)((/e? ¥ & fabl@%l%% ﬁ] yé?%ﬁl %Ociéx%ct (,);tlg ng‘g’%e%ﬁf’ﬁ %achme {orl ng
st ar cheR) aptelssmgahﬂo |tarbgets:r hsswd:u gnkemthtipo h;ethed;sthe artore d@rédmm Dr/mg:edlcnts
copol yners, and conblnatlons th r. eof gx ngles of apl e wate

swel | abl e cHPFFBE& HRIENFaHAAY “r?BlO& BPLHL O et indef (2.¢7, ai aglcous
10car boxy neédayéct@érbwb@&e or ﬁﬂﬁ&ﬁrdﬂpelyemyhmdfoﬁxm aReyhiged drid g?ﬁtﬁllated

ydroyprony| Cel Ll one (B )y Y SLRAPLRY PSR! L 035 RN ve

hydr oxybut yia@lidibd REE whied bPSHBNRRNHIE Sdivdht OSBiablRY 5&%&% il 16t lghdaliREen
(HEC), h droxgwfntylcellulose hydroxypropélethy cel | ul ose,

hydr oxybY opdfF ki iadhe 4t daduding lwbsbypr 6§y P Retgry akrs ighesheanmipgrs candof
sui tabl e pofryakkal ﬁ"@ﬁdﬂl@fﬁ aBJ fBuill BedsU Gl?le ilégﬁhy E&HMH%& ?nawriépﬁldned and

Exanpl es of suitable thérnoplastic pol yal kal éne oxi des i ncl ude ‘pol y
(et hyl ene oditigeslly mmﬁ&wﬁh fuyther migredientsy §/4-i ¥ \pantpmpd/er xsatiengesuch as

pot assi um ol

Pol yrrat hy! nik Ragialt bt BbER FAUN AR ThERhal dry blond s then sutale K
acryl i c acienpoessionl Methods frdlirecpompressier) andamed gt&melatlorkgroc&:ﬁ@srmﬁ kmvofin
SU|tabBﬁLhy%ro O||OIdS i ncl ude al gi nates, agar, guar gum | ocust bean

gum 20 kappa carrageenan |ota carrageenan tara, gum arabi c,
tragacanth, mal t odextrin,

xant han
a1 act o TSTo, s Aot LoqraRi e el 6 (PG Hif 51454 DY Bl o 100

inulin, pecfh mlth%l'eaélidkangi’ﬂg k3 1 foh@wﬁmnd@@&gloaﬂne rBtihy om0 ZRi4.0 n,
cyclodextrln ;,chitosan. Exanpl es of suitable clays include snectites

such as ben?@ﬂite kaolin, and |aponite; nmagnesiumtrisilicate,
nagne5|un1alun1nun13|Ilcate and the |like, and derivatives and 25

m Xt ures t hiSPalf Astentazensisht theunethaslsarapdfertivego smproeh s disselbtierepraicsiof
o yool Yo, Bl Gy BISNE bRl A ENeR e PR LBRE Bops prepared
cross- | i nkepbspsh gisencs physatalistebitityorgsinbti redeestazhtyon tmylbr msste&tmd@mns at
cross- 11 nkegh poabiRiR B 1563 Sivith o 3 2ing BoR R TBY Mkl 986y SO L tdlllved thar
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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[ 0086] Suitable insoluble edible materials for use as
rel ease-nodi fyi ng exci pi ents 30i ncl ude water-insol ubl e polynmers, and
| ow- nel ti ng hydrophobic naterials. Exanples of suitable
wat er -i nsol ubl e pol ynmers include ethylcellul ose, polyvinyl alcohols,
pol yvi nyl acetate, polycaprolactones, cellulose acetate and its
deri vati ves[00ZAr yinatesin eiibbdimesiy) \ﬂﬁ&ﬁ&he acti®€ inglddtenbisice-spRPAr¥aRSAS,; foand
the Ii ke and de ivatives, pol and conbi nations_ thereof.

ShRok bR

Sui tabl e | AR PRSPPATPYS i FRSof theadiie esrdient 1sgppiineddnside
esters, phasppsblPitAsurdsIEBIRxS, Shus&ﬁ@&ﬂ&es%riﬁée mstph@BLyeishat &bdlcﬂ&iyude
hydr ogenat ed vegetable oils such as for exanpl e Cocoa butte

hydr ogenat e“él&wamTkl@ iepal cpme chpgngt isddisd mal theorctivn greeednesbmd the outer

hydr ogenat eg,§ f :
fatty acids én'ﬁmahg{grﬁ bga Otatéed arrpﬁ;es ?%S}??ag'%te?%?éﬁ %}5 glco?@q'espgr&shd
i ncl ude sudmeseal prevsntsibe de- esfstel&isationmuﬁ ehe cdifinedradtiteringregiemrdutias the

o yeery! DoRERRFap@ASEEH PRI BT FOARE SR 8

G ycoWax- 93, cohtanltedyl macrogol-32 gl ycerides, and stearoyl
macr ogol- 32 gl yceri des. Exanples of suitable 10phospholi pids include

phosphot i dnbomolma@po@h%%ﬁm didiuds, % 8h&, R8O @H@amﬁl,yrla a?ms%ata% maftfid
phosphotldlc aci d. Exanpl es of suitable waxes include carnauba wax,

sper macét i MU E?éfelmalx solublgdanes with thmebieaive of aapogepfinement of poorly water-
m crocryst g} u'bfé%rﬂ%xmd iR @tafn'ofbh WaXforrh 3imAGHY Seipg M xtures such

as chocol ate; and i ke. 0087 I'n certal n 1'’hstances, the

formul atio t e 1 nven can coat ed.b

ol at ol e SRl EMLET P ecoat bk FSkaN |
pr epar at i orhustdityrand temperattmeam?hi) evglenoisd as 40°d/715etase of the
preparation. Exanples of the coating agent can include enteric

pol ymers such a®p.cel huhﬁﬁﬁamgﬁqﬁgﬂspht hal at e, met hacryl ic acid
copol ymer L, methacr yI ic acid copol yrrer LD met hacrylic acid

ﬁ;g?gig‘ér Oig/(rg&i?ﬁg)é O%ﬁgﬁ“ﬁ% g%igo Elé(il g;%tgaarlfgltsegida the formulations of the

car boxynet hydsedthiteadd. Ue? 2Rim16) suitEi1& fis@h iehAe WatebEOTRE o peksigis
pol yvi nyl agﬁa}%ﬁqﬁdl et hél am noacet at e and am noal kyl met hacryl ate

copol yner; Aoty As WgREHHVRICH &CW%%X“‘{SBGB‘BPSWWEM@&& ghr-

formul at i oRgoRsIs AN Eclige ﬁlaﬁutdn\égmtbp BhalRY| kﬁltéldghﬂ:l'x Hyurslf}&&éy OhRA
further constit uent s conventi onaI p ar maceuf i'cal auxil1ar f)St ances

such as 25fifqlydsdextringand makpiextringcangdbe like, waise ingelpblr natasia E,Sllﬂuﬁlsose
(M) ap c%eﬂoagsﬂamé QEIRfTos0 lapétﬂaaéeﬁu;oeié mlaitw@ss “?Je} %@Lﬁm naa@ér&%st gueﬁLs

| ubricants and flow regul ati ng agents, or exa cum mag

st ear at e, sicaleiune phasplite: trigatniurh ngbﬁpllatd Anhide $1édalsi mixaoes therood. de vvhos e
total weight in the tablet is between O and 80 w% preferably

bet ween 5 d0081P5 Switable bind&8 Bicluda doelihddrnisuerhopolmenylHyrb hdone,

phar maceut sel f-contained 30 u itary

by ot . SulHCRSHOT R bY PO e a0 el SRS < ERes paeriAAlF e,

conpr eSSEd iludiy Kl@ebcoNoids sikRhehcacdifingies, 904 g paH] BeusBBRROSI t Or Y,
or a 03 fectionery formsuch as a | ozenge, nougat, caranel, t ondant ,
or fat gas QW%WBS?aW%mcthylceHulose tara, gim arabic, fragacanth, 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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[11. EXAVPLES Exanple | [0090] 1.0 g of Ibuprofen and 1.0 g of

subm cron nmesoporous silica materials were 5 dispersed in 100 nL

et hanol under stirring overnight. The suspension was spray-dried in a
Buchi Spray Drier B290. The inlet tenperature was set to 81C and the
outl et tenperature was --50C. The punp speed was set to "20".

Di ssol ut i on[0088]di $iimble [BRicams Bmhﬂy}cd;gicﬁﬁniﬁbtymtm%@ﬁd theirRalBBAcAas and 25
ng of pure ibuprofen (Si Gr re used for dissolution
testing in ’@f%‘eﬂﬂm@t"f‘l{@t‘i—%ga%fm%;@ t@?:ﬁﬁi%@“@ﬁéé@"% 100 rpm Sanpl e
was 10 taken % aut o sanpl i % systemat interval of 5 mn. UV reading
was taken d008Hy eYuitableiglidans fepnakipg e tareAs comaiotionds compREs®N, includee

di ssol uti Orl:o[l&{dﬁl S%C{)ﬁrar&yded&'detg%hlpeuprof en is significantly enhanced,

as conpared wth a conmercft uprofen in crystalline form (Si grra)

In15mn % a |ed -15 is. dissol
wher oas 515 B SR rUITe S bR bREEHE B elede BT R sl Bleptmodiant
di ssol ut i Onsxﬁilpibfntshﬁclm&s umameelreusmgse\déﬁoameﬁ YolvhBAlehdys SR,

di ssol uti on tester with flowcell on]ine UV-vis analysis system

Stirring rdbtemelagispalysikalang oyides érryléemiérrlartsmyérchileée clays, gplting FRThes,
The i nprovegd qwsmﬁ% H&b@ﬂrﬂ&ﬁ%@lyﬁfcrss% @e’ﬁvftﬁ%@ébﬁ&ﬁgeﬂs b "c&{lﬁiﬂaﬁdr@

spray-drying is attributed fo the anorphous ‘stiate of 1 ngredi ent
forned in ttheeqiobranples afmulabl: water sysHelde egllulash derivpiivestnd sdef sodinof

i bupr ofign itk P A SIARIRY bR Skd £ &a )ﬁarapyggrﬁgééey@@@@gy%,)gg& 103ke

re-crystallization under the testin |ve
hum dity (RHPO), Aﬁd@hmmpyimeﬁbr@cﬂtﬂQSCt(HQMG)eEﬁdr%mpwpyldeilmmﬁer bupr of en

with SBA-1 u anact e road peak
at 2-0 of %8%,8&&1&1? glu?écgg’?&&)x)a hF T r‘f’f@ 1308 hﬁdrtof%e glruﬁ)ie g'ﬁf/&armr phous
silica. No thJroaypallt)ﬂdeﬂlarom dmdrpequo@sahﬂmhildse, Hybﬁ)xgpsrypﬁlaﬁtyllcﬂhllc?sﬁ form
of i bupr of 0 The .anor S rior
otabil 1y MO RBRARLY A ERE B cisatipe sl ey RIS Grode
coul d 6 debbethgltnbylyXRD Bxbinples Sf suftabld theaigbldstic FBREIRSlene oxi@d 9lude poly

| ] i.ne behavi or resurfaces when sone

Addi ti onal | n Fl. cryst
crylst:'al S of(gf‘bll ‘gﬁ g?‘ b FUikahe FArdiscPopinears GRide RefRSSHBlIS sol i d
formul at i Oﬁn&iﬁafﬁdtéurﬁiﬁyl%&@:eﬂé ét@ofyﬁreﬁ%rﬁ%@ﬁdﬂlhd}yl%ﬁcAﬁBo%LS(hﬁgﬁOV\B

that the SO|Id formul ation_is exclusively anorphous in nature and

the degr ee "afleculay sierabt piqes-litked, é‘%fﬁi*“ea%ho%@%%ﬁw P!EbFOGﬁ’D@ﬂeW agd dhetliken
of i bupr of examh)es bRduHtable hifi8csiRk dsqnélll.‘ld% %ﬁdt&na%ar grgglum Tmsﬁilﬁég&xﬁd

stability of spray drying ibuprofen wth er severe
condi t 28n k8pretoarTrgsgnam iqtpcarigesnan des s arshie. migagantho pecSBAxanBian gum,

mat eri al s, c%glgp

porosity. \%Vr\é{‘a'drlr1 dpr o§ g%&?%%glg%g§§w}ﬁ W tH’C]%%R@ﬁE’SSCﬁB%E cr d%um arabic,
particl es, imdist pasfintdekatinpehelaf, dmmssa,szboglad rrierlhyﬁ&‘mediitimaypiod@:tmhammhm.
Whien SBA-1 i 04 a rred i bupro

vorums 1 s OB ERMabip oBRY R Lictoh shts vorBRAS il BRI, | <
spray- dri edhagh¢siunm hwpiroafeemaglﬁ&uﬁﬂhlmmum/kﬁzchheaﬂdrth@lﬂdaeaﬁd deyivafives and

i buprofen is 1.0 0.0 rofen is aded ipto the pore
o S0 SR e TR of i Pble Bl SefBel frpbie G b St ar R,
prevents t keeltiagbtarthes subhipy dRin $terchglyeslys! aldl deAiodived BOR6E HlaGplAAs
and B il Iustr% e the SEM norphol ogy of spray-dried SBA-15 subm cron

particles &M ingroresg-linkernabrags fctude stgias-lisked pohivey bpyTEiidpRe cress-
(50: 50 Wt) linkdd £af aﬁ?cx%@selrhﬁebéﬁrb&gﬂléﬁm&'ﬂ%e%ﬁmﬁf subm cron SBA-15

particles is not obviously changed after

{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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15 spray-dried with sane weight ratio of ibuprofen. No | arge
particles of ibuprofen are forned. Wen pure ibuprofen is
spray-dried, particles |larger than several tens mcron neter 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
i bupr of en. detyGe adid Bogyrhekitand trdikdiand déduativ@Ncsolsinkn) bad esmbifatiohe

pore channe] s he out er sur ce of SBA-15 after 20s
dryi ng. Exéé’ﬁi?‘gngniag'@g "”Etﬂ}% ? © pgtesipls agchere; et ity W“gﬁﬁ@?ﬁ

submi cron %6;‘35h6111§i§s Hd Rk k@xa%ﬁ:'@ o@%ﬂ&%ﬁ%@%cﬁﬁie%@r@@éﬁt& veé_é?able oils
eval uate the dissolution rates in the tablet form ng o bupr of en

spray- dri edut astorsmampls 695@ mew)(drpgenm‘es! @éllﬂvxkftmei@lish)@f@en@@i ¢pstongeeth
and 25 pre %?lreﬂydr eﬁatgd ?unWB i 0!" @H@f)ﬁfm hated s@%ﬁt oif) réﬁcf %?ér)rlltatt} adi@und™

control sanple en in t e cr
(conmer ci altheii slts. &bttuepkeedf suittlhie Caiyrasidastets lmiucha uhwss fattp apd esterdumeno,

A o e TR
Slbm | a][ to gﬂ)l@axtr_\]/l ﬁb&&tlrateeglfyb&’tyltglhugdmell ailyck il MyriSidteDHyedb Wak 933 inayyldr ijed
i buprofen in the et. for i ssql ves m n_as_conpare
to only 16MA%e8P! #%@5?"6‘#@% deagp é’EFCF%Wl %gglé'f’?‘sd?%l%x?ﬁélef gt Wtk anpl e
3 [0097] mphéaphQigidd ivaltdepiRSpHoiByIthSHS, PhdspRotRlyl dchs flay1edositol,
i bupr of en Et ruéjIil ola |§§1§ra€| osyof 25‘&58 7tS Thg%glgsr%me %x ?Slétlots

very high &P%E}éﬂsﬂlﬂqt’éﬁqc Exdineles efiruitatle W%tlmwe@eﬁ@abwaxzmm wasx,
i bupr of en %@é&wﬁ"/&aéehﬁﬁ%a%%hel%% wal RficréGhdtM ind DR, gzgafﬁh%« 11%?0' ved

in 15 nmm Wen the formulation contains 75% of |bupr en and 25% of
SBA- 515, thriaiginggakigrdsshchrasgberpdategndtheilike15 min, which is nuch

hi gher than conmmercial pure ibuprofen in the crystal line form

al t hough i {0483] sln g:‘htahymsiaica;/,elmb Esnniaﬂnpmmémetpmsbﬁtenmnm{mbmmhed ber
drug | s. not_e oug i

di ol une. i
Soi' g 38 Bum o Bt i ? s SR el Rl 1h BRE s eneion
i bupr of en ke of fyy®Rhieht s3aiged réleask Gﬁthélpteqahﬁﬁoﬂi hExdﬂiﬁﬂéspﬂEMaﬁ@tdgbm
The partially. crystallized ibuptofe an be 10 tecte yX
shown in FI‘"‘ﬁ}/ln B e@gwoiyraelf ?}gééf %”@33‘@ agftaty BlEfg BEREBAAYLE 51y of
submi cron ﬁﬁfﬁﬂﬁﬂéﬂu&leﬂiabﬂyﬁaamhﬁﬁlﬁh& Wrn%tlﬁﬂc%mraﬁi@@opdlylﬂﬁ)r giL and

200nL of ethanol under stirring over The, suspensi on was
spray- driedy ﬁ@'p\j;@pyﬁcgethylc?lml%se §h@6@ﬁsb@ﬁ°@5@%mmﬂ%ﬁﬂulose acetate succinate

| bupr 0ben: SRfvcheyisulantbaiol; bifmredoRbiif sRBERH Gltn a0 foipliRRRdal N

a die with dianeter o nm at préss of 1 ton. dissolution Is
per f or med dseihf@nsla%etﬁ’@tanéamm@brnﬁh@cr&latercpp;elmgr FHM s pater-sgublpe
dISSO|utIO§ ﬁgglle of the spray-dried ibuprofen dispersed in

di fferent anbunts of ethanol.

[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 caleium hydrogen
phosphate, as well as glidants, intestinal [ubricants 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
306 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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The dispersion in 200nL of ethanol yielded a higher dissolution rate
conpared to the dispersion in 40nL of ethanol. 20 Exanple 5 [0099]
The mesoporous silica based materials with different particle sizes
are used to forrmul ate poorly water-sol uble ibuprofen by spray-drying.
The nesoporous nanoparticles with size of 200-400 nm and | arge
particles up to ten mcrons as shown in FIG 12 are used. The pore
size of these materials is alnbst the sane as they are prepared using
the 25 sane tgggi“my buprofen is spray-dried with nesoporous
materi al s V\}Ilti'ﬁ Ifferent particle size, it is found that the
nanoparticle matrix exhibit a faster dissolution rate. \Wen

di ssol uti onExample Iof the tablet forns are carried out, as illustrated
in FIG 13, the sanple of ibuprofen spray-dried with nesoporous
nanoparti cl @998 ss0lgwé [19(rd8A drd 11€5g efisubntiade aksdpocous bilips pherials aEp e
spray-dried . wth la articles dissol ves 71% under
30condi t1 ondiPerd it K&l <Pahdyeder shiringvgmiahing  AUERRISIOR SfF FRTSY-fisdkin a
channel s i sBadHi GpfayDerdr B2 NiHetistet &&ggﬁmr@%a.mm §1P@ BAEIhS outl furd
[0100] Poorly water-soluble nodel drug, ibuprofen, is fornmulated with

SBA- 15 subni’es oW e dBoBrBRIsPeph e st & B9 pRIssolution soaditionrid ag rriey-drcd
co- quench aaaqlimeﬁlvﬂm SBA-15bRd 84 neBblireth éert@ﬁJ(ﬁ %m% Gyl wegé&ﬁe&)%%%n and

1.0 g of SBA-15 submicron particles was_5co-m nab
(Fritsch) adissobitignitesing im390gil 208 H@at BHPC.1String eae@Q}s 108ppag Samplenyas

Submcr i parr et au B A SRR i T fin, TV FRe vl b Bt

evapor at ed #2mpom t enperature under stirring overnight. The obtained

powder was dried in a vacuum at roomtenperature. 10[0103] Co-quench:

1.0 g of i biepeHf eAs indrated i FIGY xide dissdlinich i@te@f OfrapBAedlibugigRAlicr on

particles. The.m xture S heated tq above 120 to.melt ib fen

The hot mi x‘i‘%ﬂﬁé‘:ﬂ\ﬂﬁg cRfRarfCneFompared gt W%‘g‘é‘r}%“%fﬂf?nﬁ’h@y%mﬂﬁ

kept in a Vﬁiﬁﬁ &l 19 @08 8P RIpdiideied [HapRAdn \Mtli(SBQ 15%s QiséhIRb, whereas
{1

i buprofen an SBA- 15 subni cron particles were ground in a

ror Car Bind ST e 6P TSR SpBEUS T Sae el ion pREs Wt measired

i buprofen fgag m@@ (Vﬁh&gcé)hﬁsﬁ&l%ﬁuﬁﬁtt&%'%qﬁrfﬁma&ﬁ'o}ﬁﬁﬁéjUVan s
formand the dissolution data in 15, 30, and 60 mn are listed In

Tabl e 1. A ¥bieugPtigaigratgiis 1G0rgm q@dxfpwgl,temnw@gwaﬁt@hyém co- quench
nmet hods exhi bit higher dissolution rate than pure comrerci al
i buprof en, P8 e ﬁmihmds’e@dissmmﬁoarrhtmof S8BAsI faymualetgdl igprofdRyia spray-drying

eSS SRR ol Al BB T REATSYL S,

form i | eMatebvet the mnn@hhmﬂg bfbuprosen wichipmkidpatduy nateyiaksad phiyzieally

T Thus, B0l SR ST Do, Y3 R S0 L D

whi ch exhi QRED. BRehdWORGEG. 2liths bty Prayt BiedSbupl@Bh ®ith SBA-15 exhibited
typical amorphous characteristics. A broad peak at 2-8 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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25D ssol ution test data of ibuprofen formnulated using different
met hods Fornulation 15 mn 30 mn 45 mn 60 mn Pure crystal
(comrercial) 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%

in nature and the degree of crystalline structure can be modified only by addition of

ibuprofen crystals to the solid dispersion.

[0094] The enhanced stability of spray drying ibuprofen with SBA-15 under severe
condition is attributed to the mesoporous structure of SBA-15 materials, which possesses
5  nanosized pore channels and high porosity. When ibuprofen is spray-dried with SBA-15
submicron particles, most of the ibuprofen is stored in the nano-pore channels. When
SBA-15 submicron is spray-dried without ibuprofen, the pore volume is 1.019 cm®/g;
however it reduced to 0.0913 cm®/g when it is spray-dried with ibuprofen (50:50 wt). As
the true density of ibuprofen is 1.076 g/cm?, 89.9% of ibuprofen is loaded into the pore
10 channels inside mesoporous particles. The amorphous pore wall prevents the confined

ibuprofen to be crystallizéd.

[0095] TFIG. 4A and B illustrate the SEM morphology of spray-dried SBA-15 submicron
particles and spray-dried ibuprofen with SBA-15 submicron particles (50:50 wt). It can be
seen that the morphology of submicron SBA-15 particles is not obviously changed after

15  spray-dried with same weight ratio of ibuprofen. No large particles of ibuprofen are
formed. When pure ibuprofen is spray-dried, particles larger than several tens micron
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  minas compared to only 16.4% of ibuprofen dissolved in the crystalline form.
Example 3

20



96.8%98. 1% Ball mlling 36.6% 52.4% 62. 5% 69. 6% M xi ng 31.9% 51. 7%
64.6% 73. 5% 22 | mpregnation 49. 1%
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[0097] FIG. 9 illustrates the dissolution of the spray-dried ibuprofen at drug loading
ratios of 25% and 75%. The sample exhibits very high dissolution rate when the
formulation contains 25% of ibuprofen and 75% of SBA-15: 97.1% of active ingredient is
dissolved in 15 min. When the formulation contains 75% of ibuprofen and 25% of SBA-
15, the dissolution reaches 68.9% in 15 min, which is much higher than commercial pure
ibuprofen in the crystalline form although it is slightly delayed as compared to the samples
with lower drug loadings. The pore volume is not enough to host ibuprofen in solid
dispersion with high drug loading of 75%, and the remaining ibuprofen forms crystalline
particles outside the mesoporous matrix. The partially crystallized ibuprofen can be
detected by XRD as shown in FIG. 10.

Example 4

[0098] 1.0 g of Ibuprofen and 1.0 g of submicron mesoporous silica materials were
dispersed in 40 mL and 200mL of ethanol under stirring overnight. The suspension was
spray-dried and 50 mg of this suspension (50:50 wt of ibuprofen:SBA-15) is mixed with
0.8 g of cornstarch and pressed in a die with diameter of 13 mm at press of 1 ton. The
dissolution is performed 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.
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
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
conditions. The faster release of active ingredient from its pore channels is attributed to

shorter length of pore channels.
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57.3% 62. 9% 66. 4% Co- quench 33.0% 48. 7% 59. 1% 67. 2% (di ssol uti on
conditions: 25 ng ibuprofen or equival ent amount i buprofen fornulated
w th SBA-15 subm cron particles; dissolution nedium900 nL 0.1N HC

at 37 C, stirring rate 100 rpm. Exanple 7 5[0106] Fenofibrate, an
ester derived fromfibric acid, is used to reduce the |evel of

chol est er ol Eamépleré gl yceri des (see, Palmeri, G F. et al., STP
pharma Sci ence 6:188-194 (1996)). This drug has extrenely poor
aqueous sol by t Poorlfusdleroluld mbR dRESBupBRA! 5§ iR RIPYBAL 155
solubility and dissolution rate, such as hicronization using
supercriti csubmieronggsabomis gerticledy balkeribing,Jimpeegnation, ce-nencl andAnawing.
182:33-39 (1999)), inclusion in 10 cyclodextrins. This invention

depl oys a s[0iplle PBalbosiisg:i hoglof ibugrefer ay 1) y bNSB AT Sfsetaicidarpattlosivids
mesopor qus SBA: 15 .to 0 . Stabl e anor ph fengfihrate and to

i mpr ove0$t scodF%liegllﬁ?ibalnﬁgfﬁg{m ﬂé?tatb%‘ia&;f&éag%gmég}ubl e nodel
drugs, nanely indonethacin, carbanmazapi ne and ursodeoxycholic, are

al so spray- @ﬁp%]d Iprreensaen by 895 ibapmiensvasgissplyed i 3 mLo gdpnaloOiSrgnfove
their di ssotphi L.@n: pr (= il ar
to Bxanpl o 1 Ry aRidfion peaics g pl iR b Suiral hioh S9ERAER JatiAld &
submi cron p@eR tlemperatpre undel stiperesrvgmiight.1 Ole obtaisedpavoler gs diddrin arvgeuum at
over ni ght . i is perforned using Buchi 290B m ni spray
dryer. D ss%%itq&gﬁ&?%{]}g anal ysis of spray-dried fenofibrate with

MesoporQus =15 1 s perforned.usi Varan VK7010 di ssaql uti ester
with Wnl ﬁﬁ@k}saﬁ‘fﬂqg cgi‘ng'o é'if]'?pé#gﬂ’v%@ﬁ'é‘m‘e‘g it g?@ S&I‘IJI"I%é?{| submicron
di ssol ut i onparadles. dfhe @éigiredhasttetted R A vel 1 2R & HESibwhrotenSBhe Adt mixture
submi cron particles is ,hi,gher than_commercial drug in the crystalline
form As sht@iflucpchet by liguid nitraeen, agd thesolich ket Hd Yachwa ahegmgympegature.
di ssolution within 15 mn, whereas commercial indonethacin has only
reached 259%018He Midag| LP Behibuprosyrand 1d} & eXSBAdSselhigminpaiticles veoe

ground in a mortar and pestle for 5 min.

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 corstarch) 87.9% 94.8% 96.8% 98.1%
Ball milling 36.6% 524%  62.5% 69.6%
Mixing 31.9% 51.7% 64.6% 73.5%
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performed both in tablet formand powder form The tablet form

exhi bits al nost same 25di ssolution profile as that in powder form As
displayed in FIG 16, the dissolution rate of spray-dried fenofibrate
Wi t h mesoporous SBA-15 reaches 95%in 20 mn, whereas only 15. 6% of
raw fenofibrate crystal is dissolved in the same tine period. [0109]

SEM i nvest i galimpébna@dif i r s that the nor phied;00y of7 Bpr aysxad,ed tdaesse

poorly water so l.p drugs, such as indg)grsgﬁhaci y ( AG 5397% 67.2%
car bamazapi ne—i%—ﬁ%—wedem&hﬁ%&—&i—#ﬁm%e—, > - 5 -
(FIG 20), | . 0bvi l.yCh S CO red with the.bare .
MESOpPOr OUS ggsF @?{(I: ne‘%.n d%ﬁg&rzesglﬂg f%% gﬁoée%‘coarteggggﬁ%tamﬁﬁgﬁlb%?roﬁ’f‘lEﬁmiu%ated with
entrapped i $BAdE stiheicparpartchan dakdutidnGiddim 0@ mArmIY BTl st 31 &, 8tiding rate
t hese drugs 0foornﬁd by spray drying with mesoporous 5 materials is
stabl e aftet’%6BPfg subject to stress conditions of 40C/ 759%RH for at

| east six nmonths. As shown in FIG 21, both the spray-dried

i ndonet haci Bxample dar bamazapi ne are stable in the anorphous form after
storage at 40C/ 75%H for 12 nonths. The stability of spray-dried

f enof i briat €l086fd Urepolllmreteymhester derfinaed fiveefibricestd th fsed tosieducatint lae:l 8D f ar

Fre oo toEteR AR dialberidhs ef AIREBNGE of S SipRa ek 1M om
di rect quen@poa et Toddrug hunsdraikly Rofaguasusrselubiliyst Mluth e Ed;?%eén Rpored
ous

tested at the sane.condi.lions for just one week. The anor ..
stability dPUBREVGES f%@?'E%fiaaiﬁlsai%ﬁﬂ&|rawa°wsvﬁwm@ﬁav Bt shgerifical
is attri butcghoh@idxiR (BegRelR0r. @ MQIAHE FRARN. N8R S3SOI(VSIYY, GRiusihiineh host
active jngredients in_nanosized space. in the anorphous state and the

pore wald s GFlegeting dhispention dopleysspimplaarocessdnyobyng srsay diwmgdit i ons
during st orggfibrdeX MR hitséhok ik 5BlA-Me ROROERY $ta bR RO b HoSs &ﬁ&ﬁ&&tﬁqm&%

host poorly aqueous_ sol ubl e drugs. Mesoporous carbon 1s synthesized

based on SBRPIGedtsBirpdninm pler Qthdr pgorhisaqueensisakuble nSutst dyies, wemelyi | | ed

into pore ghapnelsio : ' izatian r

20 at 000 Qe %?%ﬁ%%é?p%ie&%e%yﬁ@% it spiy-difea whth e%éﬁ@als
di ssol vi ng SBA-l\paticles Biirderito imprve their Hisseddidpyrateashi ng wi t h

de-ioni zed water. The mesoporous carbon was dried at 120C in air.

[ 0113] 1Bl G[0D7] di'Bplfaysildtion praxedire isagyiland Epangle st Mypicallye 10fg of the drug

mesopor ous car,bon. fornmul.ate poorly aqueous,so] ubl rugs, 0.5 g
of mesopor c?ll}g ltLbatf'r ‘bfog-rrpopﬁﬂg S’Cr)g-lr%“’rém “’fgﬁ %’8@%?3‘?5?8?’ H }apbénﬁ Fg‘fr'é‘g zédmi“l’?gSO
nL et hanol deyrnight.” Spragd@URSi0 beRirmeSnsiny BEEHY ROGB in$ni Rpal AFyER dDistblBia|

290B mini spray . drier. XRD neasurenent confirmthat spray-dried
i ndonet hac ifgte\ﬂ;Pﬁll‘FI%‘égssBﬁdfcgﬁg%‘??&%B@FF VIHDMSIPPRICYs PBAT I if REFTIHSH yhiBRis

form SEM regms V@M disolsitdVibstériwittl B odAnC@Ripldr ARd IRAkurdnt system.
nor phol ogy of mesoporous carbon materials is not obviously changed.

Thi's 1 i cahf) ik dfRGthad rafdi hAHAMIR BASL el Ird AR A0 BiEroh e

pore channel s. "Di ssolution o spray-dri | I’IC?OITEt acin wt

mesopor ous 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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carbon is perfornmed in Varian VK7010 dissolution tester with W
online sanpl er and neasurenent system [0114] FIG 25 illustrates the
di ssolution profile of powder spray-dried i ndonmethacin with

mesopor ous carbon in pH 6.8 buffer solution. It shows that spray

dryi ng of 5i ndonethacin wi th nmesoporous carbon significantly enhances

t he di ssol UlirseitoxhéliFIG B9 fehdTeitd (FIGE2®NisAst SR¥usH cRarBed as dd¥epared

I mredi ate re| ease of poorly soluble indonmethacin is attributed to the
anor phous  f Withihsasmgsororpirgragifiesn (The Frsilg indirstes Higt BOs of SRIBAHERTERPPEdy .
[0115] Co- spgiay mdpblenfa@ieipoor | y aqueous ingredi ents with mesoporous
materials is a 10 un| que nethod to entrap these active ingredients in

t he anor ph or hi.n t 03| ore,struct

CLAI MED | S%i!LJ]An{%% by Rt T phe mgs HIVAPE LT CTing Xmsf’?%ﬂus

sai d 2 pharmmesalt iscableafephang subj’i:ccmmnESSS:bﬁtgtlor&a)faﬂ‘tEH?%RH&bﬂatleast six
lent |n .a stable 4

wat er - i nsol ubl arnmaceutj cal active ingre

anor phous f‘B?’HF vf%l PRV Hé?énl?‘)ﬂafheé%ﬁ E‘%"E‘St AR aRd AERAMAEIRINGHE

S5a NMesopor ohlCRANTROGhdrbtihs fondl 4Teer QtOEHgHﬁﬁciO"CWS@JRH‘ﬁiBQ@(ﬁ{c%ﬁ)s Wh@étﬁblnty of
said 6 substantjally water-insoluble pharmaceutical active ingredi éent

i s spray- driPEty- CFI?S@%WQF’T&W 404 upsodagxychrlicdgbben destedripiodt mopths sotas And bysh
sai d_phar MREeUL Gabii 3 indSnl RSIoEdhlas Wilshiyea faie, 8 nanopor es.

wherein there is no Crystal grow etected after 12 nonths storage

at 40C I%nd [rafal7 li%lﬁ%l) .er}/sgn a"f'nmrﬂat%lg Orf%f m?%a%l]n %Et%p l m)cfn%h Oa(uix%nch mg})od is.

12. The phar t ca nposi ¥ I'nsal
subst ant i aliuns@blaabd was resunjrsﬁiihmdmﬁm’ bmmmtbctaatlthmhie\cendmgfse“dr Jeﬁttonb Sveak.

menber sel edfromthtre. rQup. 3consi.stin f an. anal gesi c,

anti - chol estSrEICPUEHA llég'togragtfverl%ﬁ%ls?{doo ﬂ‘fd?wﬁﬁfrﬁe CELP Blate&ﬁls Is
attributed to the high pore volume and pore structures, which host active ingredients in
nanosized space in the amorphous state and the pore walls 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 IN 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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4 anti-inflammatory agent, an antim crobial, a decongestant and an
anti hi stam ne. 13, The pharnaceutical conposition of claim1, wherein
said substantiall3 2 water-insol uble pharmaceutical active ingredi ent
has a solubility of |ess than about 100. 14. The pharmaceuti cal
conposition of claim3, wherein said substantiall3 2 water-insol uble
phar maceut i @sonag parfoemedh gr Catiaa MK 1048 desolutiaricstert wittali¥unlife safplertand
about 59111n%§u€hen hagnaceutical conposition of claim1, wherein
sai d subst aatrtal YWat'er - i nsol ubl e pharmaceutical active ingredient
is ibuprofen 6. The pharmaceuti cal conposition of claini 1, wherein
sai d rresodeEh‘é c%ﬁp%g sisties e digsohutionipEefe of pawdsy spipwttiedyndomahacs
about 100 Gikh hésopBRuPBAbIRRGHE é.§ 8L ABRASH. I Abvf th&!sladBingter ei n
sai d mesoporo us conposition has a particle size of about 0.3 pmto
about 50 grndagdiEen witlhmesaperaus eaborcvambenntly gnhaotesdhadipolution whepki n
sai d rueso &%g% béd [ 1€ | f .5 pm
to about 3gg%n1 gﬁhgggﬁggggﬁgﬂggggl?%ﬁﬁg%%§E?E%%%%ﬁgP3?£$#§mgherein
sai d pl ur alindometfiacpois etrilpftecstaitie avesplpos 6ursy afanipesingiediantinside raesvpavous
di anet er oﬂmrbguta&.nn1to about 100 nn 110. The pharnaceuti cal
conposition o gféﬁﬁlg, wherein said plurality of 2 pores of said
rnesoporouiﬂif 3$ition have a nmean di aneter of apout 1.5 nmto about
50 nm 1U. %ﬁ BT E81of BRRFAINEqUS AnEBFdigts i MSSORRFAYS Elaterigi g

pl ur al itpy Qﬂiﬁcﬁ,e R 18 bnts tﬁeseaaaggﬁgeetﬁerﬁpimﬁé hthbPRoRaYEn Rk
um

di aneter of about 2 rimto about
nanosized pore structure.

25



112. The pharnmaceutical conposition of claiml, wherein said plurality
of 2 pores of said nesoporous conposition have a nean vol une of about
0,2 6nBlg to about 4.0 3 cnB/g. 113. The pharmaceutical conposition of
claim12, wherein said plurality of 2 pores of said nesoporous
conposition have a nean vol unme of about 0.8 cnB/g to about 3.0 3

cnB/g. 14. Rhgsphsiomposutm ¢l conposition of claiml1l, wherein said.
substantially 2 water-insoluble pharmaceutical active ingredient is

present af about 10% tle abéurraBpedminigrablepharmeactiina corpsifoncap

conposi ti on ofarfbahfal fompigbeéohphahg 2 substantially water-insol uble
pharmaceutical active ingredient is present at about, 30% to 3 ast%%;t
50% w w. 316. The phar MB&%‘P@MW%&@&P’FP—W@%@W@W LR /TR d

MESOPOr OUS 2 2@ @O fhinh ihich iSRbe@taeboky00I% thmogreupeonsi sting of
carbon, carbides, siticides, nitrides and 30 '{“ﬁ'ﬁi 117. Th@}e 4 sai
phar maceut’i cal conposiZFERPGTE PRI TS Wéir?i R A e a
conposi ti én coirpridlysvatan-hoxiutie phiheeTivel oy inprediutt icalayainpgithd: sithof
claim 17, -wher.el ' Ltlon ' : hLiicate.
116 The. phar s eraliss FERRERHL Y ndeu RRRkblal NE opfilieh bl i
mesopor ou$ 2 newwpies ivhewin there i newnigel srevthdetecter #ien A manhytaegs at 40 °Cand
consi sting ofshothiMedbnidMNe &84 SR Bohous form.

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

1
2  water-insoluble pharmaceutical active ingredient is a member selected from the group

3 consisting of an analgesic, an anti-cholesterol or cholesterol reducing agent, antipyretic, an
4  anti-inflammatory agent, an antimicrobial, 2 decongestant and an antihistamine,

[y

3, The pharmaceutical composition of ¢laim 1, wherein seid substantially
2 water-insoluble pharmaceutical active ingredient hss e solubility of less than about 10g/l.

4, The pharmaceutical composition of claim 3, wherein seid substantially
2  water-insaluble pharmaceuticsl active ingredient has a solubility about 0.1g/1 to about Sg/l.

5. The pharmaceutical composition of claim 1, wherein said substantially
2  water-insoluble phermageutical active ingredicnt is ibuprofen.

1 : 6. The pharmaceutical composition of claim’ 1, wherein said mesoporous
2 composition has a particle size of about 0.1 pm to about 100 pum,

1 ‘ 7 The pharmaceutical composition of claim 6, wherein said mesoporous

¢ -composition has a particle size of about 0.3 pm to about 50 pm,

1 8. The phatmaceutical composition of claim 7, whercin sald mesoporous
2 composition has a particle size of about 0.5 pm to abont 30 pm.,

l S The pharmaceytical composition of ¢laim 1, wherein said plurality of
2 pores of said mesoporous cormposition have & mean diameter of about 1 pm to about 106 nm
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3 MCP, MSLT and CMX-3. 120. The pharmaceutical conposition of claim
19, wherein said nmesoporous 2 conposition is SBA-15. 121.The

phar maceuti cal conposition of claim1l, wherein said 2 pharnaceuti cal
conposition has an increased dissolution profile conpared to the 3
pharmaceutical conposition w thout said raesoporous conposition.
122. A nmethod for preparing an orally adm nistrable pharmaceutical 2
conposi tion, said method conprising: 3adm xing a substantially

wat er -insof ubl e phar maggut Imbha@aﬁadeﬂ@aﬂda&@@ﬁmwcw@ WheRin BRI QRLIBHT
conp03|t|o haV|ngﬁ?%g]urall of ,panopores ip a sujtable solvent or

m xture of “SRY° Fla‘iﬁlta’i‘%‘f?@ IE%‘I‘P&“E’G%? Pyt A ojngn te about 50 nm,
wat er -i nsol ubl e pharmaceutical active 7 ingredient with said
mesopozottk conpositiohl.to 'iélnphaapats’eti':dl cehacstmedtionll, sbereivead plurality of

i ngr edi enty 8 Iygrésfyfg?éﬁlbg @s?hoﬁ%a&dﬁﬁ&gst il ﬂggﬁﬁnﬁ%iagoutso nm,

123. The rret hod of alm 2 V\/ne el n sail

wat er -i nso)] ubl e 2 phar actlve |n redl

sel ected fromthe grouE;Jr"‘a #&"Fg °3g]§ﬁ“bf "&’ﬁ WF%W%’H??
an anti - chol @t@r@bﬁ@mc@bmmb@mmmmnaglﬂm pf gbouwaH ¢m>/edo about 4.0
I nfl anmat oy y t, an antimcrobial, a decongestant and an

anti hi stam ne. 124. The nethod of claim 23 wherein-'said substantially

wat er - i nsol ubl e . .
1 13.  The pharmaceutical composition of claim 12, wherein said plurality of

2 pores of said mesoporous composition have a mean vohime of sbout 0,8 om®/g to about 3.0
3 eme

1 14, The pharmaceutical composition of claim 1, wherein said substantially
2 water-insolnble pharmaceutical sotive ingredient iy present at about 10% to about 60% wiw,

1 : + 15, The phanmaceutical corposition of claim 14, wherein gaid
substantially water-insoluble pharmaceutical active ingredient is present st about 30% to
about 50% wiw, '

1 ‘ 16,  The pharmsaceutical composition of clatm 1, wherein said mesoporous
composition is selected from the group consisting of carbon, carbides, siticides, nitrides and

3 oxides. ’

1 17. The pharma@cuucal cormposition of claim 16, wherein said mesoporous

2  composition comprises an oxide,

18, The pharmmacentical composiﬁbn ofclaim 17, wherein said mesoporous

2  composition comprises a silicate.

1 19.  The pharmaceutical composition of claim 18, wherein said mesoporous
. 2 composition is 8 member selected from the group consisting of MCM-41, MCM-48, SBA-15,
3 MCF, MSU and CMK-3, '

20.  The pharmaceutical composition of claim 19, wherein $aid mesoporous
2  composition is SBA-15,
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2 pharmaceutical active ingredient has a solubility of |ess than

about 10g/1, 125, The nmethod of claim 24, wherein said substantially
wat er -i nsol ubl e 2 pharmaceutical active ingredient has a solubility
about Az/l1to about 5gl1. 126. The nmethod of claim 22, wherein said
substantially water-insoluble 2 pharnaceutical active ingredient is

| buprofen, 27.The nethod of claim 22, wherein said nesoporous
conposition has a 2 particle size of about 0.1 mto about 100 m

128. The method of claim 27, wherein said nmesoporons conposition has a
2 particlelsize of aboall. 0. Brepfiicaabon torhfsitbn @i e, WRkhOgidf cl ai m

28, whereip saj .conposi tion s a.2 patticle sjize of
about 0.5 gm ? gﬁgg%ﬁéti’o%g{?%%ﬁsﬁ%%f ﬁ’é‘aﬁ%ﬁcﬂ%ﬁo’%m%ﬁaﬁ%ﬁfﬁ?ﬂﬁ%%éi n said
plurality éf phameccutfcabempogdtimasitiootsaidsieseuopascdmesitiiave a mean

di aneter of about 1 nut to about 100 nm 131. The net hod of cl ai m 30,

wherein saiid pluralityazpf p&m&o@?@@bﬂm%aﬁ‘é‘ﬁg?myﬁuﬁm%ﬂakéugwhave
(0] (0]

a nmean di ageter of, .abou nn to, about 50 nrn. 132. The neth f

1.5
clai m 31, eF@P??S’Qﬁ?*émBWFbﬁle?‘Wrﬁﬂg‘pores of said 2 naesoporous
conposi ti o have a meandmixmgaististafisls@t-idolik floradeutca(Rfdifoedient with

resopor oue " conpompfioll Beabud Bk pRA Rotiodhs h aguisbfisiiagtyr ptee o
about 4.0 &nBsejvents; and
) spray-drying said substantially water-insoluble pharmaceutical active
7 ingredient with said mesoporous composition to entrap said phanmaceutical active ingredient
8  writhin said nanopores as a stable amorphous solid.

1 23,  The method of ¢laim 22, wherein said substantially water-insoluble
2 pharmaceutical active ingredient is a member selected from the group consisling of an

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

4 inflammatory agent, an anfimicrobial, a decongestant and an antihigtamine.

1 24.  The method of claim 23 wherein said substantially water-insoluble
2  pharmaceutical active ingredient has a solubiiity of less than abont 10g/1,

I ' 25,  The method of claim 24, whereln said substantially water-insoluble
.2 pharmaceutical active ingredient has a solubility about 0.1g/1 1o shout Sg/.

1 26.  Themethod of clrim 22, wherein said substantially wétcr-inso luble
2  pharmeceuticsl active ingredient is ibuprofen.

27.  Themethod of claim 22, wherein said mesoporous composition has a

2 particle size of about 0.1 um to about 100 pum.

1 28.  Themethod of claim 27, wherein said mesoporous composition has a

2  particle size of about 0.3 pm to about 50 pm.

1 29.  Themethod of claim 28, wherein said mesoporous composition has a
2 particle size of about 0.5 pm to about 30 pm.
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134. The method of claim 33, wherein said plurality of pores of said 2
mesopor ous conposition have a nmean volume of about 0.8 cnB/g to about
3.0 cnB/g. 135. The nethod of claim 22, wherein said substantially

wat er -i nsol ubl e 2 pharnmaceutical active ingredient is present at

about 0.1%to abott 75% w w. 136. The net hod of claim 35, vvherein
said substantially water-insoluble 2 pharmaceutical active ingredi ent
I's present at about 10%to about 60% w w. 137. The nmet hod of cl aim 36,

wherein saj d substanti e 2 [ lve
|ngred|en?f|s present é& ﬂ%@ éﬁéﬂfgmﬂggdﬁl aﬁ%&ﬁgfﬁgg ﬁﬁ%%od
of claim Z2, mimpebm cempakitivg hsapanay dianewpefabiit O nmits atbusEloeet. ed from
t he group consisting of carbon, carbides, silicides, nitrides and

oxi des. 1.£39. The met hog} of ml:@gcmbééﬂﬁcwmgwﬂareg@gﬁo;{maﬁg Wofsaid .

conposi tion ri ses ‘an, oxi
sai d nesopd rotH%“n%ﬂ‘Hd’Q?:‘P‘?S&WH?Ean%@@Inﬁt*’%?flai’?}’ét‘é HEEFO&HQ“T%I%t hod of
cl aim40, wherein said nesoporous conposition is a 2 nenber sel ected
fromthe droup consistig Ghe MEMUA of MGV 1,8vhefB8B saBplurAliE-of Jly of @iid

CMK-3. 142 Thge Z%@g@%ggﬁésﬁﬁh%@aﬁmmﬁ&‘é}&aﬁ&it?nﬁezé QR R,

conposi tion i's
1 33.  Themethod of claim 22, wherein said plurelity of pores of said
2 mesoporous composition have a mean volume of about 0.2 cm®/g to about 4.0 em’/g.

1 34.  Themethod of claim 33, 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 33.  Themethod of claim 22, wherein said substantially water-insoluble
2  pharmaceutical active ingredient is present at about 0,1% to about 75% wiw.

I 36.  Themethed of claim 35, wherein said substaniially water<insoluble
2 pharmaceutical active ingredient is present at about 10% to about 60% w/w,

1 37. . Themethod of claim 36, wherein said substantially watqr—insnluble
2 phamaceutical active ingredient is present at about 30% to about 50% wiw,

1 38, The method of claim 22, wherein said mesoporous composition is

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

1 39.  The method of ¢laim 38, wherein said mesoporous composition
2 comprises an oxide,

L 40, The method of claim 39, wherein said mesoporous composition

2  comprises a silicate.

1 41, The method of claim 40, wherein said mesoporous composition is a
member selected from the group consisting of MCM-41, MCM-48, SBA-15, MCF, MSU,
3  CMK.3. '
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148. Use of a substantially water-insol uble pharmaceutical active
ingredient 2in a stable anorphous form which is present at about
011% to about 75% w w;, and 3a nmesoporous conposition having a
plurality of nanopores, wherein said 4substantially water-insol uble
pharmaceutical active ingredient is spray-dried together with 5said
mesopor ous conposition to entrap said pharnmaceutical active
ingredient within said 6nanopores, wherein there is no crystal growh
detected after 12 nonth age.at 40.C and 775%.el ative hum%t
of said stdble anor phouiz &hfg‘ﬁml"i%f ﬁé’gﬁm”es%mé CRIEHT EUTRATOR
8oral adm i st¥madisn. 144. Use of a substantially water-insoluble
pharmaceutical active ingredient 2in a stable anmorphous form which

is present jat about 0.1%to 1%991“% mgﬁ%%&xm%at&ﬁ&oﬁﬁlc%m%ﬁ%wﬁw ingredient

conposi tion hayving a plural nanopdr es, wherein said |
4subst ant i & |y B PE Phisk SR P Pot Adth TPEbPR Gr e aErAndj 5

Sﬁray dri ;ed tloget her vmmes‘ég@;bﬁ d@ﬁ§mwﬁu§@§mﬁwa%omwwh&@ﬂsa&@| d
parrraceu I.Ca 1.V r.e nanopaQres, I’el

there is nd cr¥ f%% a%? &Pf @P@‘Bﬂa‘éel’l @? Wg’?‘f’aﬁ OIS "g?fvf‘fh
and 775% r &l at sm&umdmbmpﬁmmﬂt@nmﬁﬂd@hmamaﬂactn‘veixmadremtmm said
manuf act ur g Ofxfﬁ%%‘?éé' SRR e fo W n B AU Rethl B 9P AGROLIRIG: hO-ERY

of the clalms

75% relative humidity of said steble amorphous form in the manufacture of a medicament for
8  oral administration.

44,  Use of 4 substantially veater-insofuble pharmaceuticsl active ingredient
in a stable amorphous form, which is present at about 0.1% to about 75% wiw; and

a aesoporous composition beving a plurality of nanopores, wherein said
substantially wafer-insoluble pharmacentical active ingredient is spray-dried together with
seid mesoporous composition to entrap seid phacmaceutical active ingredient within said
nanopores, wherein there is no crystal growth detected after 12 months storage at 40 °C and
75% relative mmidity of said stable amorphous form in the manufacture of 8 medicament for

_oral administration according to any of the claims 1-20.
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