WO 02/ 13762 PCT/ USOL/ 24949 | MPROVED SOLI D PHARVACEUTI CAL DOSAGE
FORMULATI ON OF HYDROPHOBI C DRUGS Background of the Invention 5 The present
i nventi owoetstzes to i nproved solid pharnaceutical dosagePCT/osom24949n
particular, the present invention is concerned wi th enhancing the

di ssol uti on of hydrophobic drugs. Hydrophobic Drugs 10 As is well known,
many pharnaceutically active conpounds intended for oral adm nistration
are poorly soluble i i general ly dissol ve
easily and rapidly W?ﬁ%ﬁ%g% Ig?ﬁ%%ﬁgg&g% @(l}% hydr ophobi c
property often makes i ITficu o fornmulate a %rug so that it exhibits a
satisfactory bioavailability profile in vivo. Poor bioavailability may

| ead to i ngffectiv aghggxﬁ015 t he need for higher dosing and/or

undesi r abl 2 *ﬁ?“?@@é§t !has been recogni zed that the addition of a

surfactant during t processi ng of a hydrophobi¢c drug may. inprove the

di ssol ution of the gﬁ’fé’é@"’ﬂﬁ’i"fegu‘g%e{#ﬁs P %?{Eo‘%g§?lﬂ‘g9}faﬁf’%’§ﬁ“}é5ﬁll°$ “act .
Furthernore, for some _hydrophobic drugs, the _addition of a surfactant
during prot®¥si yPargUIn{de SUAECR FRY By SecaBed Mt sBn¢R@ 80 product due to
i nproved wetting of the hydrophobic active ingredient, leading to faster

di ssol ut i ofisspheHioned BYdrephoRic dragsr ef ore, in order to conpensate for the poor
solubility of certain hydrophobic drugs, various carrier systenms have been
suggested wherein such drugs are co-formulated in intimte adm xture with
certain surfactants and other ingredients. WO 02/ 13762 PCT/ USOL/ 24949 -2
For exanpl HydigpobieRrugat No. 4, 344, 934 discloses a mixture or solution

10 As is well known, many pharmaceutically active compounds intended
for oral administration are poorly soluble in water. Hydrophobic drugs do not
generally dissolve easily and rapidly in the gastro-intestinal tract. This hydrophobic
property often makes it difficult to formulate a drug so that it exhibits a satisfactory
bioavailability profile in vivo. Poor bioavailability may lead to ineffective therapy,

15  the need for higher dosing and/or undesirable side effects.

It has been recognized that the addition of a surfactant during the
processing of a hydrophobic drug may improve the dissolution of the dosage units
within the gastro-intestinal tract. Furthermore, for some hydrophobic drilgs, the
addition of a surfactant during processing may improve the bioavailability of the

20  product due to improved wetting of the hydrophobic active ingredient, leading to
faster dissolution and absorption.

Therefore, in order to compensate for the poor solubility of certain
hydrophobic drugs, various carrier systems have been suggested wherein such drugs

are co-formulated in intimate admixture with certain surfactants and other ingredients.



of a poorly water-soluble drug with a pharmaceutically acceptable
wat er-sol ubl e polyner, wherein said m xture or solution has been treated
wi th a mweopzammunt of a wetting agent sel ected from ani paT/wsamdomat i oni c
surfactants. Such conpositions are 5 forned as follows: First, a mxture or
solution of the drug with the wat er - s ubl e polymer is forned. The m xture
can be fornmed in a solvent or solvent mxture which is a nutual solvent
for both the drug ang,tdenprl ¥ RepateftiNgE,35416340i4t8sBO0] YD®Bre oFdokitidhe OF
solution has been formed in a solvent, it is dried by spray-drying, flash
evapor at i on,eQr, iy wik¥idighle JHE wRAWGEE e PRE e Wirklidi®id S then
treated wt f8 a}?lwam)unt %g g primari I§ alquggﬁs vvetezti ng sol ution
contalni N9 Rk iR 080 il 8¢ Lo Ty BANcARE Gid AhifiSaRCoralir f act ant s.
The treate xture 1s then again rleé and, | necessary, It is mlled,
screened or_ gf.ou rq f | akl i i | gﬁég roms with
phar maceut i'ca “?%/%g%t%éfﬁ %%Fgmgggog%iagﬁf %gnbgg&a@ﬁt%ﬁsﬁcﬁg. , g§9s %gl di scl oses
a proce for the epar.ation.of an or-al j i rati ng dosage
of 352 htlf; eéipaﬁ gﬁlfogg IjF*‘lrst, a%xgurg Or sohilt?on oé’ g}lr%irnlygsangsﬂg#% \xgiei Bl&g

i
. S .
form dr ug: roCess rmng a suspensi on of

t he hydrophobi c dr in sal vent coptainin harmaceut.i cal l.y acceptabl e
sur f act ant ptog'é%etrﬁsef#’gwdt fﬁg R e §? B’ﬁ‘in%‘i]g‘ra Vte%tpo-r >3 iv%‘%glr"é?l eIvtvahl%:lhar rier
material ; f.orm ng. discret its of the suspensiop; .and rempving sol vent
fromthe di‘%ﬂ%‘f‘gl iﬂlu‘fetngfoﬁﬁﬁtg?hec%%?‘iditgﬁgaw r%rgjerq&%orlﬁn%f the carrier
common' apprBAGHE KiTBHHON HRURes Gred Bag e Foutied s DAL T3 Sprent. of
conmon appr ’ ] ment of
carrier systens wherein the hydrophobic drug nust be intimately adm xed
with the suivRRRIRtDROT éﬁ&%%e‘%he@eﬁﬁ?fﬁgﬁ%tpoi&@éml’%@ lﬂﬁh%ﬁ?ﬁéﬁﬁ‘ﬁ‘éb of this
approach is that it has required the devel opnent, nore or less enpirically,
of a 2510 emRramoEniQfEPrgRriklaguEtHs MEHING SeIHLOR eAEIHBS? Weliipa geenhiesstedadni xi ng

of WD 02/ 13762 PCT/US01/ 24949 -3
from anionic and cationic surfactants. The treated mixture is then again dried and, if

necessary, it is milled, screened or ground prior to formulating into suitable dosage
forms with pharmaceutically acceptable excipients.

U.S. Patent No. 5,827,541 discloses a process for the preparation of an

15  oral, rapidly disintegrating dosage form of a hydrophobic drug. The process
comprises forming a suspension of the hydrophobic drug in a solvent containing a
pharmaceutically acceptable surfactant together with a water-soluble or water-
dispersible carrier material; forming discrete units of the suspension; and removing
solvent from the discrete units under conditions whereby a network of the carrier

20  material carrying a dosage of the hydrophobic drug is formed.

Thus, the common approach known in the art tends to focus on the
development of carrier systems wherein the hydrophobic drug must be intimately
admixed with the surfactant and other components. A serious disadvantage of this
approach is that it has required the development, more or less empirically, of a

25  separate carrier system for each hydrophobic drug. Also, admixing of



wetting/solubilizing agents with the active ingredient can | ead to product
instability due to interaction between the drug and the

wet ti ng/ 00 ubi1d7ezi ng agent. The necessity to devise a separ/ase/Qsyr i er
system for each drug is, of course, tine-consum ng and expensive. There
continues to be a need for a single drsg carrier systemwhich is 5 suitable
for a wide range of different hydrophobic drugs. Deposition of Drugs A

ot a0, O o0 0305 R B ST R SRR "

active pharnac edi"ent” on C e
substrate. 10,Various ans for, de iti ure..active ingredients, such as
wei ghi ng, sdéf 5%/1nneéacg?n g‘%‘ﬁ'?%‘é‘ F fiye aﬁ‘gﬁ’eﬁveea%gsafug%mﬁlg APt gl%t Hees§hsage form
as taught, fqr .exanple, in the follow.,ng.patents and patent blications,
The di ool odt e ehyfe caet Yo Pl 188 i€ B Sk o B e R n ¢ nei
entireties: U S P%gent Nos. 5, 845,463, 5§, 240, 049,. 5,018, 335 and

4,640, 322, XRenRIE| Thare gpytgesse 2 8 neas ion aeinelo drug carriepsysisngvigegh is 15 | n a

pr ef errgd enb%gi g{gnt ..electrostatic deposition nmethodol ogies can be used.
In the el ecPHRRG OF p ¥ideapngs of dyfpret bydiarhoble dsygsud or stream of char ged
particles of the active ingredient is exposed to, or directed towards, a
substrate, at the surface of which substrate a pattern of opposite charges
has been established. In this fashion, a neasured dosage of the active
i ngr edi ent LRepasitien ofPmeed to the substrate. Preferred 20 el ectrostatically
deposited dosage forns are disclosed in published international patent
appl i cation nunber WS uWdjuePr2! salislsiogase dormomahlee ehtainagrhyealepdsitionef pr esent
invention, the disclosure of which is incorporated by reference herein in
i ts entir etap.aciiVetphoumpecwcelbingroditnttona phrmepcelaisaldi accepabdesvbstzdtd. y has certain
benefits, including inproved dose uniformty, certain problens still arise
when t e dr\agionombans f@Slepbsitirty st ative migtediedapmsh teweiplsing) spmgipfobi C.
Specifically, the final dosage formmay WO 02/ 13762 PCT/US01/ 24949 -4

spreading, can be used to generate the dosage form as taught, for example, in the

following patents and patent publications, the disclosures of which are incorporated

by reference herein in their entireties: U.S. Patent Nos. 5,845,463, 5,240,049,

5,018,335 and 4,640,322, as well as WO 00/09249, SU 1803328 and GB 2238768.

15 In a preferred embodiment, electrostatic deposition methodologies can

be used. In the electrostatic deposition process, a cloud or stream of charged particles

of the active ingredient is exposed to, or directed towards, a substrate, at the surface of

which substrate a pattern of opposite charges has been established. In this fashion, a

measured dosage of the active ingredient can be adhered to the substrate. Preferred

20  electrostatically deposited dosage forms are disclosed in published international
patent application number WO 99/63972, assigned to the assignee of the present
invention, the disclosure of which is incorporated by reference herein in its entirety.
Although electrostatic drug deposition generally has certain benefits,

including improved dose uniformity, certain problems still arise when the drug to be

25  electrostatically deposited is hydrophobic. Specifically, the final dosage form may



suffer fromthe same problens of poor dissolution and poor bioavailability
that were discussed above with respect to conventional solid dosage forns
of hydr oph@b2/e376zlr ugs. Mdreover, the prior art approach, POVOBMI2Ig49t he
intimate adm xture of the hydrophobic drug and a surfactant, would be
difficult or inpossible to inplenent i 5 the context of electrostatic
deposition. For exanple, if the drug and surfactant powders are to be

bl ended priQiffer fr&in @le@6khb Bbfidsor ﬁs‘&q%is&h% A0 pb&ieoiSHBFIRY ot WireMRY be
difficult to obtain a suitably onogenous bl end, or to naintain such

honogenei t yq;dutdeahdva §ih18dngkt R caREhtBAISYRE YosadLrobdiEortylidbhdie- Mor eover,

co-deposition of two different powders would require that 10 both powders

behave sim &rﬁ%s![ M&%\jeﬂ Ghd fHor QR E@%géég?@}(ol@iﬂ% tﬁehﬁtﬁn&é a&i&lgi;u'r&w tfle to achieve

since differe powder’s ten ereft opti num deposition paraneters.

I'n an ext r}g{&rﬁog??\fig drug QE% ? wr%aﬁf\ah@ QlontdBY dﬁﬁ&ﬁ?&rtlm?[)‘gsélqegg grg]élg?l%rﬁ ri]l‘?‘r g€

opposite th Ize e actlve I ngredien e solution
| d be t i | i.-par edi ent and the 15 surfactant

2gguentﬁ%lﬂ?g8&%%%§%$§%?ﬁéé%&%%%&%£ difficulty in form ng depositions on

top of pre-existin epositio ue t.o charge dissipatiqn. .Therefore, it
woul 3 be deer rabl o t SORPRTPle et SR P et R s B B viner ei n
e oot TR ahRtF aint b PR e BB e S0 oner e
WO 02/ 13762. PCT/ US01/ 24949 -5- Su ry of .the Inyention In cordance with
the teachi mSSO8PIoER BIopT oL kHPaiRiaHET BIOSERi SERe e shargns ARk SRIERtt | cal

dosage fornul ati ons are provided, characterized by the ephanced
di ssol ut i orfodfe HyHHE NOHFLYeEegysPosioa of B S e mpﬁreqmre that

10 both powders behave similarly during the deposition, but this is difficult to achieve
since different powders often have different optimum deposition parameters. In an
extreme case, the surfactant may deposit only under a charge opposite that utilized for
the active ingredient.

One possible solution would be to deposit the active ingredient and the

15  surfactant sequentially. However, there may be difficulty in forming depositions on
top of pre-existing depositions, due to charge dissipation.

Therefore, it would be desirable to provide; a dosage form of a
hydrophobic drug, wherein the problems of poor solubility and poor bioavailability,
as well as the technical problems identified in the preceding paragraphs, are

20  overcome.



5 a base substrate conprising a first polynmer; a deposit, conprising a

t herapeutic anmount of a hydrophobic drug, deposited on the base substrate;
a cover wderIHE6GE conprising a second polymer, the cover BOb@Se1ZM4e49cOoveri ng
the deposit and joined to the base substrate by a bond that surrounds the
deposit; and 10 a dissol ution-enhanecng anount of a surfactant, disposed
wthin a carrier that is segregated from but in contact with, the

deposit. | i n object of the present invention to provide
solid pha?'}lrn%aq SPHR T ntiol formul ations of hydrophobic drugs having
enhanCEd. di ssol uti Olga@&q alnggwgl:{ﬁl% tebl Vac')ﬂtﬁ‘e reﬁenylnvelpga)&éPp%)g Cr' ption of

the Drawings FIG 1 Sone vie rising a

strip pack cont ai.ni n Or 1B .| o%ganc with the
orior art. SR Raatcdalhs a%?qjewiarﬂopéﬁfspfoafdeé %Pﬁagﬁﬁ%eﬁbﬁﬁeﬁ M5 cage
partially .20.se d fro r at FIG 3 depicts a side view of an
i |l ustrati 985 cﬂ'ﬁtfq% ﬁ?ﬁf’?l??%éfrgcrﬁsdgﬁﬁt HANSCRBPHS or art. FIG 4 depicts a
top view of the jllustrative unit formof FIG 3. FIG 5 depicts conponents
of varighs enbolPHE @?“@Fcﬂmmﬁm%ﬁ IRYMYS the present invention. WO

02/ 13762. PCT/ USQLl/ 24949 -6 FI 6 is a graph of dissolution proflles for

the drug CCNO04d epos‘f:l"@{npfl’sm%a eRPSbe a@P“‘Hl‘éé@V@FPP}&I?lWH PROS1t9dbr t he drug

hydrocort'SOQF 8 is a graph of dissolution profiles for the drug
gl i pi zi de. ont ebase substrate

a cover substrate comprising a second polymer, the cover substrate covering
the deposit and joined to the base substrate By a bond that surrounds the deposit; and
10 a dissolution-enhancing amount of a surfactant, disposed within a carrier that
is segregated from, but in contact with, the deposit.

It is accordingly an object of the present invention to provide solid
pharmaceutical dosage formulations of hydrophobic drugs having enhanced
dissolution and improved bioavailability.

15

Brief Description of the Drawings

FIG. 1 depicts an isometric view of a product comprising a strip
package containing a plurality of unit forms in accordance with the prior art.

FIG. 2 depicts a cover layer of a prior art strip package partially

20  separated from a substrate.

FIG. 3 depicts a side view of an illustrative unit form in accordance ‘
with the prior art.

FIG. 4 depicts a top view of the illustrative unit form of FIG. 3.

FIG. 5 depicts components of various embodiments of unit forms of

25  the present invention.



5 Detailed Description of the Invention FIGS. 1 through 4 depict the
general structure of prior art dosage forns which are to be inproved in
accordanoe0w/13161 he present invention. In FIG 1, produckCl/usammap4sses a
package 2 that is realized as a strip 4 having an array of unit dosage
forms 6. Strip 4 conprises a substraté€-8 and a cover layer 9. 10 Substrate
8 and cover layer 9 each conprise a substantially planar, flexible filmor
sheet. In sone enbodi ts, one of eithe t er layer 9
i ncl udes an array o&t Ig&gﬁils-ds%ﬁ@r?@éﬁS&B%Mrg@,é?i&é%}%ad\??ég (ljgfs\I,()&g)?{i sters or
depressions (herei ter "bubbles” 2 th re agdvan ly arranged in
col ums and rows. Igﬁht ﬁésalgrf‘ cft?izﬁs%l\l}éorb%rgéfae‘agor gpﬁuc%ahjéﬁ%ﬁﬁgﬁﬁy 1, c0\g/er
| ayer 9 conprises a ree-by-five.1l rray.of .such, bubbl.es 12, although
nore or fewer bubbl slgngslf as%f‘?ha?fﬁ)lfsglgg?ﬂ%éﬁ%%&r%heélﬁ'b%@}pé? *8 and cover
| ayer 9 are advantageously formed to have a thickness of about 0.001
i nches (0.0254 mm) and typically conprise a thernoplastic material.
Materials _suitable for use as substrate 8 and/or cover |ayer 9 include,
wi t hout 31 i Aletailed Description.of the Iaxention,,o| yners of pol yvi nyl al cohol, pol yvi nyl
pyrrolidinone, 20 polysaccharide polynmers, acrylate polyners, nethacrylate
pol yners, phthal ate F }yﬁﬁ?%}l%P&%%ﬁﬂPne%éW‘g?Oﬁﬂﬁﬁﬁd@%ﬁg%@g@e, Y
car boxynet hyl cel | ul ose, hydroxyethyl cel | ul ose, hydroxypropyl cel | ul ose,
hydr oxypr opspighersip|be émprgvessia aceordapee with fhepresert inysafionatIn F%n]é oxi de,
pol ypropyl ene, polyester and polyamde films, Eudragits (that is, polyners
and copol yreadsctdoemprisdsiagpankash 2 ciay isirealized ep)a stdp 4 heHnDm BuyOfuiib| yner s,
gelatin and the |ike. Polyvinyl alcohol filns suitable for use as the WO
02/ 13762 PGlsagsirtme 4949ip 4 ompuisestarsabsirataidngra coverdayer 8yer are commercial |y
avai lable from Polyner Filnms, Inc. of Wst Haven, CT; Chris Craft of Gary,
I N, Aquéfil m of W nsSubszBaBend caNg; laya9metlaetmpriSe p sybstanfiallvipianecat i ni Ter me
(PT), Italy; Aicello Chemcal Co., Ltd. of Toyohashi;

flexible film or sheet. In some embodiments, one of either substrate 8 or cover layer 9

includes an array of semi-spherical bubbles, concavities, blisters or depressions
(hereinafter “bubbles™) 12 that are advantageously arranged in columns and rows. In
the illustrative package depicted in FIG. 1, cover layer 9 comprises a three-by-five

15 array of such bubbles 12, although more or fewer bubbles may suitably be provided.
Substrate 8 and cover layer 9 are advantageously formed to have a thickness of about
0.001 inches (0.0254 mm) and typically comprise a thermoplastic material. Materials
suitable for use as substrate 8 and/or cover layer 9 include, without limitation,
polymers and copolymers of polyvinyl alcohol, polyvinyl pyrrolidinone,

20  polysaccharide polymers, acrylate polymers, methacrylate polymers, phthalate
polymers, polyvinyl acetate, methyl cellulose, carboxymethylcellulose,
hydroxyethylcellulose, hydroxypropylcellulose, hydroxypropylmethylcellulose, ethyl
cellulose, polyethylene oxide, polypropylene, polyester and polyamide films,
Eudragits (that is, polymers and copolymers containing methacrylic acid), starch-

25  based polymers, gelatin and the like. Polyvinyl alcohol films suitable for use as the



Japan; and Soltec of Paris, France. 5 As depicted in FIG 2 (show ng cover
| ayer 9 partially "peeled" back fromsubstrate 8 and FIG 3, a deposit of
a dry actwee2iytgz edient 14, in the formof powder(s)/grarPapultiexdeionafter,

"powder ") is disposed between substrate 8 and cover layer 9 within a

bubbl e 12. Active ingredient 14 is deposited on substrate 8. As depicted

via a cross-sectional viewin FIG 3 and plan viewin FIG 4 (each show ng
10 only a si subst r at. ve ttached to

ngl e bubble 12), 8 and.c | ayer.. 9 are
one anot hersu‘???rgte aﬁé@jﬂﬁ%ovgala%% Iaffsw‘f’n?elﬁ%?ehyaarvéﬁl%éea‘?m? %Olﬁﬁ%r %‘HE% ?szr bubbl e 12.
Bondi ng can, be effected, .for anple, via heat. or ultrasonic wel ding or
via suitab Ir{’gesgjdlﬁ%eéli éis&rﬁrggrf‘ﬁf’géﬁ’iy 6 56@%&%@3{”&“@@ glemy NGt ldsoplast e
i ngredient 14 % ble 12, and a region of substrate 8 wthin bonds 7. Unit
form6 is aBstaiMonteegp-TerpeFd) Jify; epicelly Chemical hop Fid- ebFeyopashys whi ch may
be further processed into a_dosage formresenbling a conventional tablet,
capsul e, cathaBtand ltehef Rarigd'rgicepr ocessed into a non-conventional wafer or
stanp-li ke presentation. The preferred dosage forns nay be suitable for
oral, tPansdermal or Asiggpigtgd i @i.%@Ghewm@;ypvqsgwea?paraalbg‘sacelsﬁmaalbl e nmeans of
el ectrostatic deposition of active ingredient 14 are 20 described in, for
exanpl e, Ufgm sohsteate 8)Npd FIG 372 dempoir of £dig s6tivaaeradiantd40mahesiesy of he
di scl osures of which are incorporated by reference herein in their
entir et i es powder(syauinsi(bareinafterioowtletlis dspemed betpesndubsteiedahddeywsi t i on
met hod, active ingredient may be coated onto the substrate in the form of
a sol ut i onlayer &withiopenbblod2 oActiveiefrpdidntddedtposiedion autsirate 8e Ag. , a col | odi al
suspension. The liquid utilized for these operations can 25 be water, an
or gani ¢ soldem@eied vig agrqss-etdiamd viewoin FAGhy airdoddncadvo in FIGS 0 (aselnthowidpe et hod WO
02/ 13762 PCT/ US01/ 24949 of l|oading active ingredient in a liquid formonto
a substlpat enlys singlebubbleria tsalisiratej8eind s pred Jayekep@s bitdched tolone tubvtiser MRt hod, t he
active ingredient containing solution or suspension is netered into an
appar at us bbadshor prelfs §ahas afe P @ indéncircie babhle pt. e énding can be effected, for

example, via heat or ultrasonic welding or via suitable adhesives. Unit form 6
comprises a deposit of active ingredient 14, bubble 12, and a region of substrate 8
within bonds 7. Unit form 6 is a stable "core" (hereinafter, an "AccudepTM Core"),
15  which may be further processed into a dosage form resembling a conventional tablet,
capsule, caplet and the like or processed into a non-conventional wafer or stamp-like
presentation. The preferred dosage forms may be suitable for oral, transdermal or
buccal dosing of appropriate drugs.
Suitable means of electrostatic deposition of active ingredient 14 are
20  described in, for example, U.S. Patent Nos. 5,714,007, 5,846,595 and 6,074,688, the
disclosures of which are incorporated by reference herein in their entireties. In
addition to the electrostatic powder cloud deposition method, active ingredient may be
coated onto the substrate in the form of a solution or a suspension of finely divided
medicament; e.g., a collodial suspension. The liquid utilized for these operations can

25  be water, an organic solvent, e.g., ethanol, or a hydroalcoholic solvent. One method



whi ch are concentrated on a particular area of the substrate through the
use of a 5 defined area electrostatic field. In addition to electrostatic
j et sprawa@eporsiion, certain other coating techniques rPCDgRIZEMI n ot her
arts as being anenable to the coating of a substrate wth a liquid may be
utilized in loading a pharmaceutical F$-acceptabl e substrate with active
i ngredient. For exanple, the substrate may be passed under a roll which is

10 & mmrer sedel e Bat ﬂ%@@gm%ﬁ%@g@%m-a ABsulafis BYBSLIRRE, RAsses the

roller, the excess romthe substrate by another roller,

ajet of air [ fr WM. DI r W I e- . od, . e a Meier rod, or
the |ike. 'f%%y g?l’é’g} §§ 'Irl1 ﬁ@%ﬁ?@gﬁ?‘}%ﬁgﬁ,@%{eﬁlﬁ%ﬁ% léunp%rdslogl(r%logPI{ dosage forns
depicted in_Fl

GS. .1 through 4 b rovi.di ng. a di ssol uti on- ephanci ng anount
of "o 16" suptrer i mei et s ek Ry SRaT T b RIAE P, o bu

in contact wi.th, the active ingredient.. The inventi i s based on the
surpri sing “ﬁ‘%&f%‘é’nf‘ﬁ’érﬁfed(?{}ﬁtp?‘ggk}la{ gea phfhe ?ugé%tﬁ ﬁ@oé“gﬁﬂ’etuﬁ%o ior art, a
surfactant can .inprove the dissolution (and, consequently, the

bi oavai abidF%Ee)‘})a%iﬂ?eéi“mPJ%hibi c drug even though the drug and the

surfactant are not co-fgr,rrul ated in. intinmate adm xture with one another. 20

Certain enbodi ment s ‘@RAdIHEN nelenttaticiGlaRiay SRPOSHIODISHPROMFT FORUBE G 5. In

t he draw ngqsvvi th the I egend "Deposition," active ingredient ("drug") 14 is
shown af t &chngyesgecrepazed ipstheprtssasibeme amgnaple t theoating g spbsigtewi t h cover
| ayer 9. In the first drawing with the | egend "Cover Filnm ("Surfactant in
Pouch"), t Wathaiduidananhe ytidized indepdiggrahaamaseuticplly acsomitble gbaratg witlhyer fi | nt)
9 in a pouch 16, and cover layer 9 is 25 aligned to place the pouch 16 in
contact wi wptivedrgredientfipr sxinamie. thesubstisée poUlePayed gpder 37¢PWidrisUS01/ 24949 -9
material may be any polyner, and preferably the same material as substrate
8 or cd¥er immgsged inQ. bathpefisatariting flsidr Atsithersubdtratdnasys dwgellet.dhogxcessr i ng
di ssol ution of cover |ayer 9

fluid is "wiped" from the substrate by another roller, a jet of air, a rubber wiping bar, a

wire-wound rod, e.g., a Meier rod, or the like.

The present invention improves upon the prior art dosage forms
depicted in FIGS. 1 through 4 by providing a dissolution-enhancing amount of a
15  surfactant, disposed within a carrier that is segregated from, but in contact with, the

active ingredient. The invention is based on the surprising finding that, contrary to

the teachings in the prior art, a surfactant can improve the dissolution (and,

consequently, the bioavailability) of a hydrophobic drug even though the drug and the

surfactant are not co-formulated in intimate admixture with one another.

20 Certain embodiments of the present invention are depicted in FIG. 5.

In the drawing with the legend "Deposition," active ingredient ("drug") 14 is shown

after being deposited on substrate 8, prior to sealing with cover layer 9. In the first

drawing with the legend "Cover Film" ("Surfactant in Pouch"), the surfactant is

incorporated on the cover layer ("cover film") 9 in a pouch 16, and cover layer 9 is

25  aligned to place the pouch 16 in contact with active ingredient 14. The pouch



and/ or substrate 8, pouch 16 simlarly dissolves and rel eases the
surfactant in the imediate vicinity of the drug, thereby inproving drug
di ssol ut ivod02/8760 al t ernati ve enbodi nent of the present |iPOBUBIIRIIS
depicted in the second drawing in FIG 5 with the | egend "Cover Filnt
("Surfactant in Adhesive"). In this-@nrbodinent, the surfactant is

i ncorporated in an ingestible adhesi ve 10 that is appl i ed to cover |ayer

9. After g}% Crlgﬂ?g Veearn l a er 1_a,r %H{C%ﬁli!a ?t {hgtSEmCS I‘na ?glib&lagt&g or C(I)VSCI' in

contact wi segr i'ng red

adm nistratio 10dsa rma sso utlon of. cov yer 9

andl or subePar e s fREAGiee dhed Rt PR R SR B act ant i
t he i medi at i n ain ML ovi u di ssolution. In a
preferred 8?@ ﬁﬁgﬁ RB‘EChslB ‘Hrjlgéillﬁs V?W{‘S‘Q&ﬁ ?aﬁesl'—tP%guréafgnﬁgl}leher a pouch
16 nor a speci adhesive 10 is require Rat her, the surfactant is

i ncor por at (@%teﬁicf%‘é’ quh |dﬁ“gz8’\?ée$’(§]lllai}r8¥1n§dm§dhstsﬁ]ﬁ?°‘t he di ssol vi ng cover

| ayer 9 _releases the surfactant_ ipn the imrediate vicinity of. th

encapsuPat ed hydr ophtbi! eer%nnﬁ@emacrqnawtﬁéthﬁméesermrfvse%%ﬁ denigieq ‘ﬁtﬂéﬁ‘r act with
the drug to help with dissolution. In the context of the present invention,
" hydr ophob POt @F@Wl%é&ﬁgGa?W’&F@@lqgﬁ% %ﬁ‘&@f@%‘ﬁfﬂcﬁlﬁ%lmﬁw"%bl uble" to
"practically insoluble or insoluble,”™ as 20 shown in the follow ng table:
Parts of SHI thisrmbreigant & surfecient isjagorporated i andngestitiia pdhegiye Hbthatis Sparingly
sol uble From 30 to 100 Slightly soluble From 100 to 1000 25 Very slightly
sol ubl e Fr apnliedoocaver lager@o e\ fteppeating eqkt pydrQdo bubisirate 8othe pyrfstanbis n 10, 000 and

over WD 02/ 13762 PCT/ US01/ 24949 -10
contact with, but segregated from, active ingredient 14. Upon administration of the

10 dosage form and dissolution of cover layer 9 and/or substrate 8, the adhesive dissolves
and releases the surfactant in the immediate vicinity of the drug, again improving drug
dissolution.

In a preferred embodiment (not specifically shown in FIG. 5), neither a
pouch 16 nor a special adhesive 10 is required. Rather, the surfactant is incorporated

15  directly in cover layer 9, so that the dissolving cover layer 9 releases the surfactant in
the immediate vicinity of the encapsulated hydrophobic drug, allowing the surfactant
to interact with the drug to help with dissolution.

In the context of the present invention, "hydrophobic drug" means a
drug that ranges from "sparingly soluble" to "practically insoluble or insoluble," as

20  shown in the following table:

Parts of Solvent Required

Descriptive Term For 1 Part of Solute

Sparingly soluble From 30 to 100

Slightly soluble From 100 to 1000
25  Very slightly soluble From 1000 to 10,000

Practically insoluble, or Insoluble 10,000 and over



The hydrophobi c drugs, and their pharmaceutically acceptable salts, which
may be formulated in accordance with the present invention include, wthout
limtati w0 or/iges ol | ow ng: Anal gesi cs and anti -i nfl ammat oPgBGEIT2=949
acet am nophen, al oxiprin, auranofin, 5 azapropazone, benoryl ate,

cel ecoxi b, diflunisal, etodolac, fenbd®en, fenoprofen, flurbiprofen,

i bupr of en, indonethacin, ketoprofen, neclofenam c acid, nmefenam c acid,

nabunet one, napr oxeny, O PAERRULALONRY g@ngﬂ%gé&@g( e tgh%[aﬁem

rof ecoxi b, salicylam |cy

al bendazol e nj htho chl or ophen,

|vernect|n“Hm%HRﬁ§%£§ éﬁxgxh Ulﬁg“%% %ﬁmﬁl%gﬁﬂg?“mhdﬁiy' azole

prazi quant el nt enbonate thlabendazole Anti-arrhyt hm c agents:
Tinjtal lofk !

am odar one, %%@9 flecalnide qui ni dine. Anti-bacterial agents:

benet ham ne, ~efacl CI oxaci n, rof | oxa cl.arithromycin,

cl of azi mi nésnafs fp ??Féamla?igc}%f&?’ﬁ“ﬁ@ 2R omyci n,

et hi onani de, 15 |n1pene al j ni_trof urapto pen|C|II|n

ri fanpi & n 2ZEBAMPEMRFCheROTY %wslﬁ%é%ésfﬁﬁnaél ctodelpm foby PﬂtJG’é’Pr%fEH’phadl azi ne,
sulphadOX|ne sui_ phaf urazo] e phaner azi ne, sul phamet hoxazol e,

sul phapyr i diuFiprofeat puproten; lﬁéom?tkarcﬁ’ef(%ﬂf’f% me%?f??”&‘ﬁéﬁ@rl mgferemiqy; coumar ol |

di pyri danol e, ni coumal one, phenindi one. Anti-depressants: anoxapine,

mapr ot i | i n@cidpRahR@eione naprekens ppphenbytazonsy phyaybpigeone, pirpxicaBy odone,
trimpramne. Anti-diabetics: acetohexam de, chlorpropande, glibenclam de,
gl i cl azi de rofgeaxi, saligmlamideppadicnlid agtd, sulsmdpmit ani de. Anti-epil eptics:

becl am de, carbamazepi ne, cl onazepam ethotoin, metharbital, methoin,
met hsuxi mi dathepnkc: plherdspele diepleanaim by«tr@zwmmlmamca@mmbhadl one, 25

phenacem de, phenobarbitone, phensuxi m de, phenytoin, primdone, sulthiane,
WO 02/ 1197 6 ZidhETénisn ivahedt, mebendazole, oxamniquine, oxantel embonate,

oxfendazole, praziquantel, pyrantel embonate, thiabendazole.

Anti-arrhythmic agents: amiodarone, disopyramide, flecainide, quinidine.

Anti-bacterial agents: benethamine, cefaclor, cinoxacin, ciprofloxacin, clarithromycin,

clofazimine, cloxacillin, demeclocycline, doxycycline, erythromycin, ethionamide,
15  imipenem, nalidixic acid, nitrofurantoin, penicillin, rifampicin, spiramycin,
sulphabenzamide, sulphacetamide, sulphadiazine, sulphadoxine, sulphafurazole,

sulphamerazine, sulphamethoxazole, sulphapyridine, tetracycline, trimethoprim.

Anti-coagujants: dicoumarol, dipyridamole, nicoumalone, phenindione.

Anti-depressants: amoxapine, maprotiline, mianserin, nortriptyline, oxypertine,

20  trazodone, trimipramine.
Anti-diabetics: acetohexamide, chlorpropamide, glibenclamide, gliclazide, glipizide,
tolazamide, tolbutamide.
Anti-epileptics: beclamide, carbamazepine, clonazepam, ethotoin, metharbital,
methoin, methsuximide, methylphenobarbitone, oxcarbazepine, paramethadione,

25  phenacemide, phenobarbitone, phensuximide, phenytoin, primidone, sulthiame,



-11- valproic acid. Anti-fungal agents: anphotericin, butoconazol e,
clotrimazol e, econazole, fluconazole, flucytosine, griseofulvin,

i traconaxod e2/1¥ke1 oconazol e, m conazol e, natanycin, nystaPCUSEW4g49nazol e,
terbi nafine, terconazole, tioconazole, undecenoic acid. 5 Anti-gout agents:
al I opurinol, probenecid, sul phinpyrazbne. Anti-hypertensive agents:

anl odi pi ne, beni di pi ne, darodi pi ne, diazoxide, dilitazem fel odi pine,

guanabenz, ilsradi pj ne, nethyl dopa, m noxidil, nicardipine, nifedipine,
ni nodi pi neY*BWEnt ¥y benzam ne, prazosin, reserpine, terazosin.
Anti-mal arial.s; apodi aqui ne, chl oroqui ne, chlorproguanil, hal ofantrine,

mef | oqui ne Abtisfanga) agentshamphofryicing byteconpsole, clgiiimazle, ecapazplenflvponizale, agent s:
di hydr oer got am ne, ergotam ne, nethysergide, pizotifen, sumatriptan.
Anti - rruscalﬂi”ﬁft%“%é‘ﬁ%egﬁﬂ‘é‘@arlﬁ?ﬁoﬁ@?lebéﬂ%ﬁ’é&?@le; migopggoie 83fametihopr opazi ne,
hyoscyam ne, nmepenzol ate, oxyphencylcimne, tropicamde. 15

Ant i - neopl B¥iatEL, alé%wﬁ%oleaﬁmbmﬁéwn@@amo@s@w@@pleamd«w@pi@taeidhi m de,

anmsacrine, azathioprine, busul phan, chloranbucil, cyclosporin,

dacar ba2i néntiggoptagenist allepyrinod peqbesdcte sulplingysazené.de, | onusti ne, el phal an,
mer capt opuri ne, nethotrexate, mtonycin, mtotane, mtozantrone,

pr ocar bazi Aati-hya¢rtensife agentst amiostipinerhenidgsne darodipine, diazaride,-ddindehnsoni an

agents: bronocriptine, |ysuride. 20 Anti-protazoal agents: benzni dazol e,
cl i oqui nol feletbpine)gummbenz, ischdipibotugitly xyeq uiimaidil eicardipirexaifidine, di ni t ol mi de,
furzolidone, netronidazole, ninorazole, nitrofurazone, om dazol e,
ti ni dazol eninAxdiping, bhenokybeazpatites pragesid) irevazpidecteraposipy | t hi our aci | .
Anxi ol ytics, sedatives, hypnotics _ and neurol eptics: all obarbitone,
al | yl bar bi tntiimal@tile] amo@ibquihe) cldaob@ine, calyirofani lapairitanbildRne,
bent azepam bromazepam bronperidol, :
10 proguanil, pyrimethamine, quinine.

Anti-migraine agents: dihydroergotamine, ergotamine, methysergide, pizotifen,

sumatriptan.

Anti-muscarinic agents: atropine, benzhexol, biperiden, ethopropazine, hyoscyamine,

mepenzolate, oxyphencylcimine, tropicamide.

15 Anti-neoplastic agents and immunosuppressants: aminoglutethimide, amsacrine,
azathioprine, busulphan, chlorambucil, cyclosporin, dacarbazine, estramustine,
etoposide, finasteride, lomustine, melphalan, mercaptopurine, methotrexate,
mitomycin, mitotane, mitozantrone, procarbazine, raloxifene? tamoxifen, testolactone.

Anti-Parkinsonian agents: bromocriptine, lysuride.

20 Anti-protazoal agents: benznidazole, clioquinol, decoquinate,

diiodohydroxyquinoline, diloxanide, dinitolmide, furzolidone, metronidazole,
nimorazole, nitrofurazone, ornidazole, tinidazole.

Anti-thyroid agents: carbimazole, propylthiouracil.

Anxiolytics, sedatives, hypnotics and neuroleptics: allobarbitone, allylbarbituric acid

3

25  alprazolam, amylobarbitone, barbitone, bentazepam, bromazepam, bromperidol,



WO 02/ 13762 PCT/ US01/ 24949 -12 brotizolam butobarbitone, carbromal,

car phenazi ne, chl ordi azepoxi de, chl ornethi azole, chlorpromazi ne, clobazam
cl ot i azepeop2/ed76zapi ne, cycl obarbitone, diazepam droperpPdDUSOIE4biNanat e,
fl unani sone, flunitrazepam fluopromazine, flupenthixol, fluphenazine,

fl urazepam hal operidol, |orazepam t&hnetazepam 5 nedazepam meprobanate,
nmet haqual one, m dazolam nit razepam oxazepam  pentobar bit one,

o (
b or' das! REozplbpEr RhE PR Afhifey eﬁ*@’fma AR or - axpenol of

t | ol, | | ol | ol
Sr gg?agol oICEl% a%ﬁ‘?o(]ﬁ ”E f‘ﬁ%ﬁq?’zgrﬁ ﬁlogﬁglﬁ‘?%lbt azﬁl? g:ir;&éap%clf g‘? (‘Tl&qpmt%dl goxi n,

enoxi none, | anat osi de rredl Cor t st eroi becl.onet hasone,
bet anet has &?éepaﬁh ‘f%eethlﬁ%’? E‘bﬂ@‘lsmﬁé@é‘%?@}aﬁlaggﬁéom%zéx Canet hasone,
flucortol one, fl udr tison flunisolide, . fluticasone drocorti sone,
net hyl pr edrﬂugﬁﬂ e, 8‘}5&@’8%“?0 ‘Hﬁ@parﬂ’rl@g‘meggﬂelorazﬁpﬁmff ?er%ll)‘llt)ne. Di uretics:
acetazol am de, am |l oride, am somnetradine, tfendrofl unet hi azi de, bunet ani de,
chl or ot Ki aZPedazepainy BeRrphamatfo Msth 2HAIRRCr PP HRA TAAFRATG QXD
hydr ochl or ot hi azi de, netol azone, spirongl actone, trianterene.
Gastro-int é’§tltiobﬂib1t%@é?€@wn%ﬁenﬁ§@?id€wr?@l%?r¥m%F@Q&‘gﬁﬁ?r?azéﬁ’%ti di ne,
ci sapride, 20 diphenoxyl ate, donperidone, fanotidine, |operam de,
mesal azi ne thlm‘ltiaamediﬂﬁ@lammloaﬁol e, ondansetron, ranitidine,
sul phasal azi ne. Hi stam ne H -Receptor Antagonists: acrivastine, astem zole,
ci nnar i zi n-Bloykdri: a6ebefolol afprentiepttentilelelabadlofe ntstogrololanadolot exof enadi ne,
flunari zine, |oratadi ne, neclozine, oxatom de.

oxprenolol, pindolol, propranolol.

10  Cardiac Inotropic agents: amrinone, digitoxin, digoxin, enoximone, lanatoside C,

medigoxin.

Corticosteroids: beclomethasone, betamethasone, budesonide, cortisone,

desoxymethasone, dexamethasone, flucortolone, fludrocortisone, flunisolide,

fluticasone, hydrocortisone, methylprednisolone, prednisolone, prednisone,
15 triamcinolone.

Diuretics: acetazolamide, amiloride, amisometradine, bendroflumethiazide,

bumetanide, chlorothiazide, chlorthalidone, ethacrynic acid, furosemide,

hydrochlorothiazide, metolazone, spironolactone, triamterene.

Gastro-intestinal agents: aminosalicylic acid, bisacodyl, cimetidine, cisapride,

20  diphenoxylate, domperidone, famotidine, loperamide, mesalazine, nizatidine,
omeprazole, ondansetron, ranitidine, sulphasalazine.

Histamine H;-Receptor Antagonists: acrivastine, astemizole, cinnarizine, cyclizine,

cyproheptadine, dimenhydrinate, fexofenadine, flunarizine, loratadine, meclozine,
oxatomide.

25 Lipid-regulating agents: atorvastatin, bezafibrate, clofibrate, dextrothyroxine,




25 Lipid-regul ating agents: atorvastatin, bezafibrate, clofibrate,

dextrot hyroxi ne, WD 02/13762 PCT/ US01/ 24949 -13 fenofibrate, genfibrozil,
| ovast at iwQ oprobucol , sinvastatin. Nitrates and ot her antpPemmgéweabs9agent s:
anyl nitrate, glyceryl trinitrate, isosorbide dinitrate, isosorbide
nononitrate, pentaerythritol tetranitihte. Nutritional agents:

bet acarotene, vitamn A vitamn B, vitamin D, vitamn E, vitamn 5 K

Opi oi d anal.gesj cs: codei ne, dextropropyoxyphene, di anorphine,

di hydr ocodé‘%ﬁé!’ra?err%%?{i%’ﬁgik’,va ﬁ%g‘%ﬁ‘g’?{’s Yaﬁﬁ’i‘ﬁ’ﬁe, nal buphi ne, pentazoci ne.
Respi rat ory..agent nont el ukast, pranl ukast CONgOAOl , . zafjrlukast,
zi | eut on. . Ppant-ansy é?m@&ﬁfaﬁeggﬁ'éﬁy %?‘F@éfe%?or'lag‘hazol ,

(1 OLORCL A1E23dy o
estradiol, .10 ethin Eoestradiol, nmedr ggest one, nedr oxypr ogest erone acet at e,
mest r anol , dl%t%ﬁof‘é

s Sronpffate. REBREVHI LY &SRS or gest i mat e, norgestrel ,
pr ogest erone, . stanozol ol sti boestrol, .testosterone, tibolone. Stinulants:
amphet ani n&luiitional agents: helacaraicns, NHIRE, A JEINE . Vil PeVitamahE) UEemd ne,

mazi ndol.. 15 Thyroid agents: |evothyroxine. By "surfactant” is nmeant, for
pur pose§ oSt he present invention, that the nmaterial is a surface active
agent which displays wetting, detergent or soap-like qualities as those
agent s ar e Opidépaplgesigs:ippdeing, dextopropyeliynbeng. dikthorphing, dilydrepodeineThus, the 20
term"surfactant,” as used herein, represents ionic and nonionic

sur f act ant sneptazipel medgdonggmanpbinegithyphipe, (pseidzdcimet he for nul ati on of

pharmaceuticals, such as ethoxylated castor oil, benzal konium chl ori de,
pol ygl ycol Resniratgry egenisd esontchukestypratlekhst (@EANOPHYDezafidiekast, gdedsort. an fatty acid

esters, pol oxaners, polyoxyethylene fatty acid esters, pol yoxyethyl ene
deri vat i veSgex homwgeésy clemipghese, oonjegdiabegiragees] daeazbly edtiadied

10 ethinyloestradiol, medrogestone, medroxyprogesterone acetate, mestranol,
methyltestosterone, norethisterone, norgestimate, norgestrel, progesterone, stanozolol,
stiboestrol, testosterone, tibolone.

Stimulants: amphetamine, cocaine, dexamphetamine, dexfenfluramine, fenfluramine,
mazindol.

15  Thyroid agents: levothyroxine.

By "surfactant" is meant, for purposes of the present invention, that the
material is a surface active agent which displays wetting, detergent or soap-like
qualities as those agents are understood by those of ordinary skill in the art. Thus, the

20  term "surfactant," as used herein, represents ioniq and nonionic surfactants or wetting
agents commonly used in the formulation of pharmaceuticals, such as ethoxylated
castor oil, benzalkonium chloride, polyglycolyzed glycerides, acetylated
monoglycerides, sorbitan fatty acid esters, poloxamers, polyoxyethylene fatty acid
esters, polyoxyethylene derivatives, monoglycerides or ethoxylated derivatives

25 thereof, diglycerides or polyoxyethylene derivatives thereof, sodium docusate, sodium



25 thereof, diglycerides or polyoxyethyl ene derivatives thereof, sodium
docusate, sodium WO 02/13762 PCT/ US01/ 24949 -14 |lauryl sulfate, nagnesium
| auryl swoares7etri et hanol am ne, cetrim de, sucrose | aurareT/vuasid4oioher
sucrose esters, glucose (dextrose) esters, sinethicone, ocoxynol, dioctyl
sodi um sul fosucci nate, pol ygl ycol yzed lftryceri des, sodi um dodecyl benzene

sul fonate, dialkyl sodium sul fosuccinate, fatty al cohols such as lauryl,

cetyl . and i3hef il Tl GRRYL B ERR, ANALIGAR. LAy ACLIALIES, ¢ her ool

| eci t hins, 0S e sur i nventioen ma

classified n.. nupber . " The HLB nunber .provi des eans for ranking
sur fact ant sali)1 gglgﬁsug%r?% ﬁseters’ﬁzchﬁec@e)ﬁré)ts%étﬁ%t %@e%l&? r%ﬁg?)iyll@’ ‘glﬁ%yfi pophilic
portions of s, .t he

h factant.. . That is, hi gh t LB th
o909, Ll B AR B e T b PoR Rt oo
i tion, .h f. ph i cal additi inst ead of, i
e o0, R SRS BB L A0 s st e2d O ot
i t hi i t hat, i [ ted f t i t .with, th
PRI RN 8 R DR A

i nclude, but are not ed to, antioxidants, antimn crobial agents, 15

I m A ) |

conpl exi ng agents, alpeifurirciapis et thainvaptiqnmay b dlassified byandldt i ng agent s,
buffering agents, carrier nolecules, chelating conpounds, preservatives
and the | i Kmberblhe RkBapmberppyidasaimens Brdenking wrizcansbaseden thae additi ve
may be introduced safely into the hunman or aninmal body, for exanple, taken
oral | y and balagesshespeen thahsrepdilisfand Sipemhilicchortiqny o5 the sefagtat. Thejts, diee not
limted to, the follow ng: 20 Acidifying agents: citric acid, naleic acid,
| actic aci dugheathe Hldnumbes, (bewinpiedydophilic thegptfanting: aci d. Al kalinity
buffering agents: cal ci um carbonate, nonoethanol am ne, potassium citrate,
sodi umMi car bonat e, Botbraadee implementationiof thegreskrtrfveation, many other types

of pharmaceutical additives (instead of, or in addition to, the surfactant) may be

included in the dosage form disposed within a carrier that is segregated from, but in

contact with, the deposited active ingredient. Such pharmaceutically acceptable

additives include, but are not limited to, antioxidants, antimicrobial agents,

15  complexing agents, acidity boosting agents, alkalinity boosting agents, buffering

agents, cérrier molecules, chelating compounds, preservatives and the like.

"Pharmaceutically acceptable" here means that the additive may be introduced safely

into the human or animal body, for example, taken orally and digested. Examples of

such additives include, but are not limited to, the following:

20  Acidifying agents: citric acid, maleic acid, lactic acid, malic acid, succinic acid,

tartaric acid.

Alkalinity buffering agents: calcium carbonate, monoethanolamine, potassium

citrate, sodium bicarbonate, sodium citrate, triethanolamine.

Anti-microbial agents: benzethonium chloride, benzoic acid, bronopol, butylparaben,

25  cetrimide, chlorhexidine, chlorobutanol, chlorocresol, cresol, editic acid,



Anti-m crobial agents: benzethonium chl oride, benzoic acid, bronopol,

but yl paraben, 25 cetri m de, chl orhexidi ne, chl orobutanol, chlorocresol,
cresol, addovre37exrid, WO 02/ 13762 PCT/ US01/ 24949 - 15 et hpCpasainasy9
glycerol, imdurea, nethylparaben, phenol, phenolic acid, phenoxyethanol,
phenyl ethyl alcohol, phenylnercuric-$atts (acetate, borate and nitrate),
pot assi um sor bate, propylene glycol, propyl par aben, sodi um benzoat e,

Sodi uMm P ORkRARLBen IR 1ﬁ?dugeaf%£ﬁ1 AR5 shelol Bieko e g o™ P

t ocopher ol acl d,” asco

hydr oxyani i alla sodi um ascor bat e,
sgdi umy rretspﬂ% &3 %tﬁaqoq pﬁ g)ﬁkf?éoa gner%ﬂf Sﬁgﬁeﬁ%ﬁ’ﬁ‘iﬁe&n rate, sodium
citrate. teri S puer e used in the Exanples:
Hydr oxypr oﬁlf/tfa't:_ t%Ot?sélélfnl 38938% prﬁgge?e'ﬁﬁ@p)mpyﬁf@% FLISPEUR OEHEOB8w Cheni cal
Conpany, M chi I g Vﬁ/dr 0X pr opyl cel l ul ose JFP ("HPC"),

avai | abl e fg? Wﬁé?pé?ﬂaées qrﬁ‘ act n?ﬁr?fﬁ Del awar e. Pol yet hyl ene d ycol
400 (" P avail abl e from Uni_on Carbl de Cor poration, Danbury

Conn(ect i cué@e‘ﬁgg&% nha thegphesdly FSgaraic acid aeqrbicipid palmjtgte, hvtalatedbl e from
Spectrum Qual ity Products, New Brunsw ck, New Jersey Pol ysorbate 80 (Tween
88) HLB Qf’ yéroxyapisoles Bymeric aejfh ‘Pﬁhccféhlapmayl(ﬂal}@t@lS@ﬁu@faSCFOdPate sodury | mi ngt on,

Del awar e Pol ysorbate 20 (Tween 20), HLB= 16.7, available from Uni gema
metabisulfate.

Complexing agents: EDTA, potassium citrate, sodium citrate.

10 | EXAMPLES
The following materials were used in the Examples:

Hydroxypropylmethylcellulose E50 ("HPMC"), available from Dow Chemical
Company, Midland, Michigan.

15 Hydroxypropylcellulose JEP ("HPC"), available from Hercules Inc., Wilmington,
Delaware.

Polyethylene Glycol 400 ("PEG"), available from Union Carbide Corporation,
Danbury, Connecticut

20
Sodium lauryl sulfate ("SLS"), HLB = 40, available from Spectrum Quality Products
New Brunswick, New Jersey

3

Polysorbate 80 (Tween 80), HLB = 15, available from Unigema, a division of ICL,
25  Wilmington, Delaware

Polysorbate 20 (Tween 20), HLB= 16.7, available from Unigema
Hydrocortisone, available from Spectrum Quality Products

30
Glipizide, available from Fine Chemicals Corporation, Capetown, South Africa.



Hydrocortisone, available from Spectrum Quality Products 30 Qi pizide,

avai l abl e from Fi ne Chem cal s Corporation, Capetown, South Africa. WO

02/ 13762 WVRCW/UBEL/ 24949 -16- Exanple 1 A nodel conpound, PCONSOA949 was
used to test the effect sodium lauryl sulfate (SLS) has on dissol ution of
an AccudepTM Core. Several types of -AécudepTM Cores were nmade as follows:
5 Control AccudepTM Core: Sealed a 1 ng deposition of CCNZg;OlHPget Ygoe/nP'I[E\(AaD
ol yner sh ith the foll owi ng conposition: 45% HPMC, () ' ()
gLSyi ncor p%ﬁl#—frn filmAccudepTM Core: Sealed a 1 ng deposition of
CCNO0401 between two pol yner sheets with the follow ng conposition: 33.75%
10 HPMC, 33. 75% HPC, A7méddl Rexapoudd e GIL®40 & quiswaddantesothe affentitodluri? ng SLS

i ncorporated in each AccudepTM Core). SLS mixed directly with CCNO0401

AccudepTM Qourg! suBe|(8IS)YTiax baldigsol@fon2f B AGFudEENRA) WeR: whestar e (50150)
bet ween two pol yner sheets with the follow ng conposition: 45% HPMC, 45%

HPC, 10% PE zcud@™DCsrsohite ipilie RS Rflblves for the AccudepTM Cores |isted above
were generated under the follow ng conditions: 50 rpm paddles, pH 8.0
TRIS buffer. In addition, a set of Control AccudepTM Cores were tested in
di ssol utd on nedi a t h&pnidldwcudspit GarercitalPd b\ sug depbsti@0of FEN0461 shows t he
average dissolution profiles for all the CCNOO401 20 dissolution runs
(n=3). As debwechtwépgym6s shedtewith dietfbidowiog cGhfsitiont he%MEMORISY i | m or  mi xed
directly with the drug led to significantly faster dissolution at 15

m nut es (eudrC, 10% PEG.

SLS incorporated in film Accudep™ Core: Sealed a 1 mg deposition of
CCNO00401 between two polymer sheets with the following composition: -33.75%
10 HPMC, 33.75% HPC, 7.5% PEG, 25% SLS (equivalent of about 1.2 mg SLS

incorporated in each Accudep™ Core).

SLS mixed directly with CCN00401 Accudep™ Core: Sealed mixture
of 2 mg of CCN00401/SLS mixture (50/50) between two polymer sheets with the

following composition: 45% HPMC, 45% HPC, 10% PEG.

15 Dissolution profiles for the Accudep™ Cores listed above were
generated under the following conditions: 50 rpm, paddles, pH 8.0 TRIS buffer. In
addition, a set of Control Accudep™ Cores were tested in dissolution media that also
contained Polysorbate 20.

Fig. 6 shows the average dissolution profiles for all the CCN00401

20  dissolution runs (n=3). As seen in Fig. 6, the addition of SLS in the polymer film or
mixed directly wifh the drug led to significantly faster dissolution at 15 minutes (even
faster than the case where Polysorbate 20 is present in the media). At 30 minutes all
experimental sets had average dissolution in the mid-to-high 90% range except for the

case with no surfactant in Accudep™ Core or dissolution media.



faster than the case where Pol ysorbate 20 is present in the nmedia). At 30
m nutes all experinmental sets had average dissolution in the md-to-high
90% r angaverveys2 f or the case with no surfactant in AccuBepUMIQaps or

di ssolution nmedia. WO 02/ 13762 PCT/US01/ 24949 -17- Exanple 2

Hydr ocorti sone, CCN90306A, was used td7test the effect SLS and Pol ysorbate
80 have on dissolution of an AccudepTM Core. AccudepTM Cores were 5 nade
as follows: Control AccudepTM Core: Sealed a 1 ng deposition of CCN90O306A
bet ween two pol yner sheets with the follow ng conposition: 45% HPMC, 45%
HPC, 10% P incorporated in film AccudepTM Core: Sealed a 1 ng
deposi tion = CCN90306A between two pol ynmer sheets with the foll ow ng
conposition: 36% HPMC, 36% HPC, 8% PEG 20% SLS (equi val ent of about 5 ngy
SLS incorporated i n Hedotordamae,deNM306A eYas used tpsest hateee@G1isSngar porated in
filmAccudepTM Core: Sealed a 1 ng deposition of CCN9O306A between two
pol yner sheelysorbht 80 e dnQlidseMtigofldd LRIMYSI c&@.nAcéﬁfé’%M%s wpdo HPC, 8%
PEG 20% Pol ysorbate 80 (equival ent of about 5 ng Pol ysorbate 80

i ncor porat gghdk Bs ehsAccudepTM Core). Dissolution profiles for the
AccudepTM Cores |isted above were generated under the follow ng

conditions: 75 rpm et |l r L Qe 1 m aver age
di ssol ution profil esE&ggh g‘l%fudtg#letdégﬂggﬁ%%%?mfdzga?qsé%%lloﬁt| on 0?§]6§As (n=3). As
seen in Fig.. 7 the addition of SLS.and Pol ysor.bate,_i pol ymer film
Ted o as e Wpdiaheds %‘3%8?‘8?"3‘69% oFtign; ‘%%&Méﬁn“éﬁ VD 02/ 13762
PCT/USOL/ 24342 10% prG.
SLS incorporated in film Accudep™ Core: Sealed a 1 mg deposition of
10 CCN90306A between two polymer sheets with the following composition: 36%

HPMC, 36% HPC, 8% PEG, 20% SLS (equivalent of about 5 mg SLS incorporated in

each Accudep™ Core).

Polysorbate 80 incorporated in film Accudep™ Core: Sealed a 1 mg
deposition of CCN90306A between two polymer sheets with the following
15 composition: 36% HPMC, 36% HPC, 8% PEG, 20% Polysorbate 80 (equivalent of

about 5 mg Polysorbate 80 incorporated in each Accudep™ Core).

Dissolution profiles for the Accudep™ Cores listed above were

generated under the following conditions: 75 rpm, paddles, distilled water.

Fig. 7 shows the average dissolution profiles for all the CCN90306A
20  dissolution runs (n=3). As seen in Fig. 7, the addition of SLS and Polysorbate in the

polymer film led to faster dissolution at 20- and 30-minute sample points.



-18- Exanple 3 dipizide, CCN9O906A, was used to test the effect SLS and
Pol ysorbate 80 have on dissolution of an AccudepTM Core. AccudepTM Cor es
were nadeoay1¥’ell ows: 5 SLS incorporated in film AccudepRtI/Cs01e24980eal ed a
1 ng deposition of CCN90906A between two pol yner sheets with the foll ow ng
conposi tion: 36% HPMC, 36% HPC, 8% PH®&- 20% SLS (equi val ent of about 5 ng
SLS incorporated in each AccudepTM Core). Pol ysorbate 80 incorporated in
fil mAccudﬁ'I;M %ﬁ{e: Sealed a | ng 10 deposition of CCN90906A between two
pol ymer sh h the follow ng conposition: 36% HPMC, 36% HPC, 8% PEG

20% Pol ysorbate 80 (egquival about Pol w.sor e .80 incorporated
in each AccudepTM Cor K (%i gégf)ﬁ(’{%éhwﬁsr%ngfoe”tgﬁfﬂgr&féﬁteﬁia@&depTM Cor es

| i sted above were nerated under _.the fql l owi ng conditions: 50 rpm
baddles o1 SRRets rsset dsotenegen Sade s toR St M e ge

di ssolution profiles for all the CCN90906A dissolution runs (n=6). As seen

in Fig. 8, Weeaafiiorson of SLS and Pol ysorbate in the polymer filmled to
faster dissolution, especially during the first 60 mnutes. Although the

present 4 nvention ha%L?%%ﬁ{%?a?&fih%ﬂA"L‘c%/&aé??g‘f‘dr&%!ﬂ@&:éi%grcﬁs &itfht 1o

certain preferred enbodi nents thereof, rons and nodifications of the

present iny, } i L I .SC of the

following ¢ aléd%%&%m%gl} %%ﬁ@%ﬁ%fﬁ%g&%%Zﬂﬁ’wni%&nﬁjﬁgpﬁrgoﬁ% ns W claim
HPMC, 36% HPC, 8% PEG, 20% SLS (equivalent of about 5 mg SLS incorporated in

each Accudep™ Core).

Polysorbate 80 incorporated in film Accudep™ Core: Sealed a 1 mg
10 deposition of CCN90906A between two polymer sheets with the following

composition: 36% HPMC, 36% HPC, 8% PEG, 20% Polysorbate 80 (equivalent of

about 5 mg Polysorbate 80 incorporated in each Accudep™ Core).

Dissolution profiles for the Accudep™ Cores listed above were
generated under the following conditions: 50 rpm, paddles, simulated intestinal fluid.
15 Fig. 8 shows the average dissolution profiles for all the CCN90906A
dissolution runs (n=6). As seen in Fig. 8, the addition of SLS and Polysorbate in the

polymer film led to faster dissolution, especially during the first 60 minutes.

Although the present invention has been described with particular
20  reference to certain preferred embodiments thereof, variations and modifications of
the present invention can be effected within the spirit and scope of the following

claims.



1. An inproved solid pharmaceutical dosage fornul ation of a hydrophobic
drug, 5 conprising: a base substrate conprising a first polyner; a

deposi t, wonprizei ng a therapeuti c amount of a hydrophobi cparugr/deosit ed
on the base substrate; a cover substrate conprising a second pol yner, the
cover substrate covering 10 the depoKli+ and joined to the base substrate
by a bond that surrounds the deposit; and a dissol ution-enhanci ng anount
of a surffalit@hnetE .di sposed within a carrier that 1is segregated from but in

contact w tT, 1 eposit. 2. The dosage fornulation of claim1l, wherein
t he base substrate conprises a 15 planar film 3. The dosage fornul ation
of claim1l erein the cover substrate conprises a planar film 20 4. The

dosage for MA9# PN of cl ai m 3, wherein the cover substrate filmhas a
shape conprising a sem -spherical bubble, wherein the deposit is disposed
within thel pergm@w%‘fwﬁ&a YEATIEE EpeeaiorBpBrPLof agiydrplobi dige

formul ati on of ¢laim2, wherein the base substrate filmhas a shape 25
conpri sPng “¥REME spheri cal bubbl e, wherein the deposit is di sposed within
the perineter of the sem -spherical bubble. WO 02/13762 PCT/ US01/ 24949

-20 6. The dosatRase shsirnts CoBPrisRec i BAYES; cl ai m 1, wherein the deposit has
a shape that is substantially circular, and the deposit has a dianmeter in
the range of abdderogt, camprisipgs Bempewicaboutt of 2 hydrophabicedryg, dgpagitedthe dosage

formul ati on according to claim1, wherein the first polymer or
on the base substrate;

a cover substrate comprising a second polymer, the cover substrate covering
10 the deposit and joined to the base substrate by a bond that surrounds the deposit; and
a dissolution-enhancing amount of a surfactant, disposed within a carrier that

is segregated from, but in contact with, the deposit.

2. The dosage formulation of claim 1, wherein the base substrate comprises a

15  planar film.

3. The dosage formulation of claim 1, wherein the cover substrate comprises a

planar film.

20 4. The dosage formulation of claim 3, wherein the cover substrate film has a
shape comprising a semi-spherical bubble, wherein the deposit is disposed within the

perimeter of the semi-spherical bubble.

5. The dosage formulation of claim 2, wherein the base substrate film has a shape
25  comprising a semi-spherical bubble, wherein the deposit is disposed within the

perimeter of the semi-spherical bubble.



second polymer conprises a thernoplastic material. 8. The dosage

formul ation according to claim1, wherein the first polyner or 10 second
pol yner iv0emI¥61ed fromthe group consisting of polynerspandScaaeldyners of
pol yvi nyl al cohol, polyvinyl pyrrolidinone, polysaccharide polyners,
acrylate polynmers, methacrylate pol yaBrs, phthal ate pol yners, pol yvinyl
acetate, nethyl cellul ose, carboxynethylcellul ose, hydroxyethylcellul ose,
hydr oxypr opyl cel | ul ose, hydroxypropyl net hyl cel | ul ose, ethyl cellul ose,

pol yet hyl ene oxi de, pol ypropyl ene, 15 pol yester and pol yam de fil s,
Eudragits, stargh- i n. . rul ation
accordi ng f% c|g?ﬁ?%%gaﬁggg¥ﬂ8{%ﬁg@?¥§§L%%+9ﬁ%@”%%§%‘§ﬁ§ﬂ§§%£%ﬁﬂﬁo|yner are
t he sane. 0, .The. dosage formul ation accerdin Q. claim1 erein the
base. oubst rtids Shiiig 28 ar LTt ArbfihRRERR % G bhoby G0 g
formul ation according to claim1l1l, wherein the carrier is the cover
substrate. 1%&%%57%§9§5mB@TF 01/ 24949 -21 12. The dosage fornul ation
accordiqg to claim1, wherein the carrier is an ingestible adhesive that
is applied to the cover substrate. 13. The dosage fornul ation according to
claim1l, rein.,the carrier .is a pouch, . 5 dispqgsed between the deposit
and the covr sﬁﬁggp%%fonelnéﬁ%%ﬂr%w@ﬁwm h@vlgﬁelnﬁﬁﬁ%mmr%ten al . 14.
The dosage fo%gulation according to claim21, wherein the hydrophobic drug
is deposi tS6¢PIEIPRYIEH SYERTISER} thgmoplasiematerial; nyr oved sol i d phar maceut i cal
dosage fornul ati on, conprising:

8. The dosage formulation according to claim 1, wherein the first polymer or

10 second polymer is selected from the group consisting of polymers and copolymers of
polyvinyl alcohol, polyvinyl pyrrolidinone, polysaccharide polymers, acrylate
polymers, methacrylate polymers, phthalate polymers, polyvinyl acetate, methyl
cellulose, carboxymethylcellulose, hydroxyethylcellulose, hydroxypropylcellulose,
hydroxypropylmethylcellulose, ethyl cellulose, polyethylene oxide, polypfopylene,

15  polyester and polyamide films, Eudragits, starch-based polymers and gelatin.

9. The dosage formulation according to claim 1, wherein the first polymer and

the second polymer are the same.

20 10.  The dosage formulation according to claim 1, wherein the base substrate and

the cover substrate are ingestible.

11.  The dosage formulation according to claim 1, wherein the carrier is the cover
substrate.

25



a base substrate conprising a first polymer; a deposit, conprising a

t herapeutic anmount of a drug, deposited on the base substrate; 15 a cover
substrat avaonm7ssi ng a second pol yner, the cover substrateCcToseriipy the
deposit and joined to the base substrate by a bond that surrounds the
deposit; and a pharmaceutically acceptable additive, disposed within a
carrier that is segregated from but in contact with, the deposit. 20 16.

' ' claim 15, wherein the drug is deposited
th C'? (r)gg'tg 2 %.g;mljbeaéclsggne ogn(l:u gt%hggcc}rgmg to cl:ﬁ]m 1, where?n t%e carrier 1s an g P

ingestible adhesive that is applied to the cover substrate.

13.  The dosage formulation according to claim 1, wherein the carrier is a pouch,
5  disposed between the deposit and the cover substrate, the pouch comprising an

ingestible material.

14.  The dosage formulation according to claim 1, wherein the hydrophobic drug is

deposited electrostatically.

10
15. An improved solid pharmaceutical dosage formulation, comprising:
a base substrate comprising a first polymer;
a deposit, comprising a therapeutic amount of a drug, deposited on the base
substrate;
15 a cover substrate comprising a second polymer, the cover substrate covering

the deposit and joined to the base substrate by a bond that surrounds the deposit; and
a pharmaceutically acceptable additive, disposed within a carrier that is
segregated from, but in contact with, the deposit.

20 16.  The dosage formulation according to claim 15, wherein the drug is deposited
electrostatically.



