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covered, e.g., in the Good Manmufacturing Practices (GMPs), the ~
U.8.P.,, as well ag in New Drug Applications (NDag) and
Investigational Nevw Drug Applications {INDs) .-

The *ingredients used in sustained release dosage
tormulations often present special problems with regard to their
physical stability during storage. Por example, waxes which havs
been used in spch formulations are known to underge physical
alterations on prolonged standing, thus praecautions ars taken to

‘ stabilize them at the time of manufaéture or -to prevent the
change from occurring. Fats and waxy materials when us;d in
purified states are Known to crystallize in unstable forms,
caqging unpredictabie variations in availability rétes during
stability testing at the time of manufacturs and during later
storage. . _ .

It ies known that certain strategies can be undertaken to
obtain stabilized controlled release formulations in many cases,
such as insuring that the individual ingredients are in a stable
form before they are incorporated intoc the product, and that
processing does not change this condition, ratarding the
instability by including additional additives, and inducing the

individual ingredients of the dosage form to reach a stabla state



I ndi vi dual i1ngredients of the dosage formto reach a stable state before
the product is finally conpleted. It is also recognized that the noisture
content of the product can also influence the stability of the product.
Changes in the hydration |level of a polyneric film such as the ethyl
cellul oses, can alter the rate of water perneation and drug availability.
Al so, binders such as acacia are kno to becone | ess sol ubl e when exposed
to noisture and heat. However, +noisture content of a product can be
controlled fairly successfully bX controls_in the processing nethod and
proper pack&gitREE o RECPIOUUS S50 518B €596l yners such as certain

cel lul ose derivagiVesai%8i fecni¥ba CeHASikAS, ndidX8Se dongBet oFl kphatic

al cohol s, and polylactic and pol yglycolic acids have been used in the prior
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packaging of the product.

Hydrophobic polymers such as certain cellulose derivatives,
Zeint.écrylic resins, wqxgé, higher aliphatic alcohols, and
polylact}c and polyglycolic acids have been used in the prior art
to develop controlled release-dosage forms. Methods of using
these polymars to develop controlled release dosage forms sucﬁ &s
tablets, capsules, suppositories, spheroids, beads or
microspheres are to overcoat the individual dosage units with
these hydrophobic polymers. It is known in the prior art that
these hydrophobic coatings can be applied aither from a solutien,
suspension or dry. Since most of these polymers have a low -
solubility in water, they are usually applied by dissoclving ths
polymer in an organic solvent and spra&ing the solution onto the
indjvidual drug forms (such as beads or tablets) and evaporating
off the solvent.

Aqueous dispepsions of hydrophobic polymers have been uséd
in the prior art to coat pharmaceutical doszage forms for
aesthetic reasons such as film coating tablets or beade or for ’
taste-masking. However, these dosage forms are used for
immediate release administration of the active drug contained in

the dosage form.
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aest hetic reasons such as filmcoating tablets or beads or for

t ast e- maski ng. However, these dosage forns are used for immedi ate rel ease
adm ni stration of the active drug contained in the dosage form 3
Attenpts to prepare stable controlled rel ease pharnmaceutical formulations
usi ng aqueous di spersions of hydrophgbic polynmers have been unsuccessful
due to stability problens. Therefore, it is desirable to prepare a
control l ed rel ease formul ation-prepared froman aqueous dispersion of a
hydr ophobi ¢ pol ynmer. However, to date, attenpts to prepare stable
controlled reIeasemqﬂﬁxBnaoe&negaab itﬂbngiaanWnihsslngﬂ%ﬁq&eﬁ%ﬁrmmcgp§#9$bns of

hydr ophobi ¢ pol have, been unsuc essfu Lty I nms. In
particul ar, %rf@‘}ﬁllﬁb’a?qsnﬁsfﬁ%saeq“ﬁﬂé? l?trls%aﬁ‘s fGr ﬁ%émsp 8 adued g‘gkgol yneric

di spersions d4ve0bkah NurRudessé R aelaee&%cﬁbaiihep%blm actlve drug(s) over
several hours or longer, it is known in the art that the dissolution

rel ease profile Gharefesreenihghs Hesirvabies tRaBr #RATEN 8| JoREFoBhed (Ralsdshy
Minday, et al; d ﬁﬁéﬁﬁ )
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cel l ul ose wi th Eudragi err L(2:1 ratio. tot coating 5 3% nd
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to isothermal” storage at 28[err], 35[err] and 45[err] with the relative
hunmi dity ( RHpreRliamsai ned bet ween

In particular, when coating these pharmaceutical forms using
. aqueous polymeric dispersions to obtain a desired release profile
of the active drug(s) over several hours or longer, it is Xnown -
"in the art that the dissolution release profile changes on -
ageinq.. This was recently demonstrated by Munday, et al., Drug
Devel. and Indus. Phar., 17 (15) 2135-2143 (1991}, which xeported,
the effect of storing theophylline mini-tablets £ilm coated with
ethyf cellulose with PEG (2:1 ratio; total coating = 3% w/v),
ethyl cellulose with Budragit® L (2:1 ratio; total coating = 3%
w/w); and Budragit® RL (amount of coating = 1.5% w/w) at varying
temperatures and relative humidities upon the rate of drug
release. Samples were subjected to isothermal storage at 28°C,
35°C and 45°C with the relative humidity (RM) maintained betweén
55-60%, under cyclic conditlons of 45°C at 55% RH for 24 hours,
then at 28°C and 20% RH for 24 hours, and then at 5°C and 10% RH
for 24 houre, after which the cycle was repeated, and alta?ngtinq
conditions every 24 hours between 45°C and 55%Y RH and 28°C aﬁd 0%
RH. The aging process brouqht.gbout by storage under the above
strese conditions impeded dissolution, irrxespective of the nature
of the polymeric film. The greatest red&gtion in release rate
was said to occur in the first 21 days (isothermal storage) after

coating.



55-60% under cyclic conditions of 45[err] at 55% RH for 24 hours, then at
28[err] and 20% RH for 24 hours, and then at 5[err] and 10% RH for 24
hours, after which the cycle was repeated, and alternating conditions every
24 hours between 45 [err] and 55% RH and 28[err] and 0% RH. The agi ng
process brought about by storage 'under the above stress conditions inpeded
di ssolution, irrespective of the natye or the polyneric film The greatest
reduction in release rate was said to occur in the first 21 days

(i sothernmal storage) after coating. 4 This instability problemis known
to not exist whemxikeipstasmisy aymbapel 1€ dknbirontomganest solwhent tieol uti on.
The use of organic solvents in the pre aratign ofﬁ&ghx r ¢ Lings ds
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changed upon storage. For exanple, I't has been consi'd le in the
art to preparcanaetwsl Akl edlf etyl easgerfeaamul ati on which utilizes a retardant

coating derived froman aqueous acrylic polyner dispersion such as

Eudragit[err], coRWETS-APFy. AR&PPRYT &9 PERRFSHAP ¢ FRWRARS, to date it
has not been nQ$akblé i3 1085 AlulaBi G uk@hk Bk Jahl 8286 iRGHUAAId Faewhi Ch i's
stabl e under 'various storage conditions.
largely unsuccessful due to stability problems, the rates of drug
release being changed upon storage.
- For example, it has been considered desirable Iin the art to

prepare 4 controlled release formulation which utilizes a

retardané coating derived from an aqueous acrylic polymer
dispersion, -such as Budragit®, commercially avallable from Rohm
Pharma. Howaever, to date it has not been possible to obt;in a
controlled release formulation which is stable under varijous
storage conditions,

More particularly, it is known that a contzolled release

coating comprising Budragit® is not stable when cured according

to recommended curing conditions by the manufacturer of 4S°C for

2 hours.

OBJECTS AND SUMMARY OF THE INVENTION .
It is therefore an object of the present invention to
provide a controlled release dosage form for oral administration
] which has a controlled release coating derived from an aqueocus
acrylic polymer dispersion, such that an essentially stab}le
digaolution profile of medicament is obtaihed under various
. storage conditions.
It is a further object of the present invention to provide a
controlled release dosage form prgpargd wiéh an overcoat derived

from an aquoous dispersion of an agrylic resin which i{s stable



More particularly, it is known that a controlled rel ease coating conprising
Eudragit[err] is not stable when cured according to recommended curing
conditions by the manufacturer of 45[err] for 2 hours. OBJECTS AND SUMVARY
OF THE INVENTION It is therefore an object of the present invention to
provide a controlled rel ease dosage formfor oral admnistration which has-
a controlled release coating derived froman aqueous acrylic polyner

di spersion, such that an essentially stable dissolution profile of

medi canment i s obtained under various storage conditions. It is a further

obj ect of the present invention to provide a controlled rel ease dosage form
prepared withnésr orepevat cdedlvierhsf r dne it lagueihesded sseisiwPlohign acrylic
resin which is_stabhl e er .str.essed conditions, including extended

peri ods of high® %ﬁﬁé?d?ﬁfgga%d“ﬁ?gﬁéﬁhnidity. These objects and ot hers

have been acconplimshedodjedrieaid ettetsi arvenbean acobbglishel aiyesheo a sol i d
dosage formwhich has a control ] ed

i rgleas overgggt derived fr§31€qbaqueous
di spersi on ofPTERCHT AP PREH8si WA FRIBFETITHed P NFoEIHRTe APTR VRIASH W8S
rel ease patt ey goRfrdibBeraRadki SAldabaldCléniveadfiftnl 8) Lfiebaknekpebsiain. The
present invention further relates to the_ surprising discovery that when the
coat ed fornuloft PRPFY IR JRSER YRIQePFariies &y aikataghialdyy ke *RIPRFY i ons

of tenperat urg aBeh HTh Ot b abht B394t BbEL-AITREELL @) EéfBuinda dGIdeel.
endpoi nt may be attained whereat the release rate of the therapeutically

active agent doesThotPréaprt daveatign duahyer medatemdenthasterrisingde range

of discovery that when the coated formulation is exposed to cartain

elevated or “stressed" conditions of temperature and humidity for
a caertain amount of time, a desired endpoint may be attained .
whergat the rslease rate of the therapeutically active agent does}
not substantially change upon ageing under a wide range of
temperature and/or humidity conditions. This surprising
discovery makes it possible to the controliled release coatings ;f
tﬁe present in;ention for a varilety of pharmaceutical dosage
forms to produce stable controlled release pharmaceutical
products.

The present invention is also related to a solid dosage form
comprising a core comprising a therapeutically active agent and
an overcoating derived from an aqueous dispersion of an acrylic
resin in an amount sufficient to obtain a controlled release of .
the therapeutically active agent when the dosage fornm is exposed
to agueous solutions, e.g. gastric fluid. .Thé solid dosage form
is cured after the overcoating is applied such that the release
of the ther#pautically active agent is subztantially unaffected
by exposure to elevated temperature and/or humidity.

The present invention is also related to a stabilized
controlled release solid dosadge form for oral administratien,
comprising a plurality of inert -pharmaceutically acceptable beads
coated with a therapeutlically active agent,-and an ovarcoat of an

acrylic resin having a suitable tﬁickness'io obtain a controlled
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tenperature and/or humdity conditions. This surprising discovery makes it
possible to the controlled rel ease coatings of the present invention for a
vari ety of pharmaceutical dosage fornms to produce stable controlled rel ease
pharmaceuti cal products. The present invention is also related to a solid
dosage formconprising a core conprising a therapeutically active agent and
an overcoating derived from an aqueqfs di spersion of an acrylic resin in an
anount sufficient to obtain a econtrolled rel ease of the therapeutically

active agent en the dos form.i.s osed to aqueous L ut i , €.0.
gastric flui ﬁ\.é@ﬁsee 861 Fa“g%g‘ﬁ(j@pf‘%ﬁ%a? - &red® aﬂeg' ‘f%?‘u 4 3‘3’&%% ing is
appl i ed such gbbaje tdeem €t eaGRs8d dNaghbaisapeuat tatld.y Med idsatadardadss
substantially unaffected by exposure to el evated tenperature and/or

huni dity. Thé&<pre¥est IPRVEhtRoANded RRELCPY Qfafile (3F 3 EPRRATREYEY BENEr ol | ed

rel ease solidydosags RaAR{1QlnOtdlpedd Bl Sirgdit P NuneC BB 1H1968d dadtiyiinial i ty
of inert pharnaceuti cal l,Z accept abl e beads coated with a therapeutically
e

active agent poanmientoopEreime sinahefleprqducssihithnanga sdingelublen t hi ckness
to obrain a GAREIPl liden 1f D8RS Aa110! hlIREERA GRLLSLACKLVEAAER! When

the solid dosage Tormis exposed t0 aqueous soluti e coate gﬁds are
cured for an cextitnteacs pérebavatkdt tapeatturd anpgontimmddatpyve t he gl ass

t_ra_nsition t enper gt ure %Tg_ of the plasti izeq acrvylic _poI ner to attain a
fini shed product Wh & 38 a“"(yfg'éb‘f'ﬁt‘?o%“ c‘?ﬁﬁ Fe %%dcﬁﬂ% %&Bé%g’fﬁ"l ally
unaffected bysAtpossHtrclledisage farndeohiiising £ @erhptul RAREY AU si&eand/ or
hum dity. The present invention is further related to a stabilized
agent overcoated with a plasticized ac¢crylic polymexr, the coated
dosag; form being cured at an effective temperature above the Tg
of the.plasticized acrylic polymer for such a time period that a
_stabilized drug dissolution profile substantially unaffected by
exposure to storage conditions of elevated temperature and/or
elevated relative humidity is obtained.
* The present invention is also related to a method foi.‘
cbtaining a stabilized controlled release formulation comprising
a substrate coated with a plasticized acrylic polymer. The
nethiod includes the steps of preparing.an aquecQs dispersion o£
the acrylic polymer and preferably plasticized, prepaxring a
substrate comprising a therapeutically active agent, overcoating
the substrate with a sufficient amount of the dispersion of
acrylic polymer to obtain a predetermined controlled release of
the therapeutically active agent when the coated particlas are
exposed to aqueous solutions, and curing the coated substrate at
an effective temperature above the Tg of the plasticized acrylic
polymar foxr such a time period that an endpoint fis achieved ate
whicﬁ the coated substrate attains a drug dissolution profile
which %s substantially unaffected by exposure to storage
conditions of elevated or changing temperature and/or humidity..
In a ruréher embodiment, the method further includes the

stecp of determining the endpoint for a particular formulation by
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solid controll ed dosage form conprising a therapeutically active agent
overcoated with a plasticized acrylic polyner, the coated dosage form being
cured at an effective tenperature above the Tg of the plasticized acrylic
pol ymer for such a tinme period that a stabilized drug dissolution profile
substantially unaffected by exposure to storage conditions of elevated
tenperature and/or elevated relative,humdity is obtained. The present
invention is also related to a.nethoa for obtaining a stabilized controlled

rel ease fornul atjon _conprisi.ng.a substra cqQat | a St

acrylic pol yHBPS hd ﬁen?ﬂﬁ“a’liag%?ﬁ es vtaﬁégg? e%%ggg %%gggr?%&ahbggﬁ%t‘}s

di spersi on @Ghrihe AR pbi&ifokyapsssna iphepesaillleg pbmashiectesdilapiempari ng a
substrate conprising a therapeutically actjve a en%htpvercoating t he
substrate witrid W SierehttioRoBRe S Ures Ré '%pfé’%g‘f’ S 3&Fylic polymer to

obtain a pregdetermNad Coeisaliked., r ehRAerRhlidiRnt hereaaUhbLRd ey, att i ve
agent when the coated particles are exposed to aqueous sol utions, and

curing the owaeedasubdr abeailt aafeelfestigsct¥hod aEfid=aBbvdd he Tg of the
pl asti ci zed & cerr\é%%% ‘%%gféc Q. gggu q)atgegeope‘gﬂeogpég@&n@[l endpoint is

achi eved at | Substrate attains a ssolution profile
which is substantially unaffected by exposure to storage conditions of

el evated or changing tenperature_and/or humdity. In a further enbodi nent,

the method further includes the Mg the endpoint for a
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of the above-nentioned curing and obtaining dissolution profiles for the

f or nul apion the acrylic polymer comprising the controlled release coating is .
comprised of one or more ammonio methacrylate copolymers. .
Ammonio methacrylate copolymers are well kncun.%qéthe art, and
.are.desctibed in NF XVII as fully polymerized copolymers of
acrylic and methacrylic acid esters with a low content of
quaternary ammoniuwm groups. .

In ordexr to obtain a controlled release formulation, it is
usually necessary to overcoat the substrate comprising the
therapeutically active agent with a sﬁfticient amount of the
agueous dispersion of acrylic ﬁolymer to ohtain a weight gain
level from about 5 to about 15 percent, although the overcoat may
be lesser or greater depending upon the physical properties of
the therapeutically active agent ;nd the desired release rate,’
the inclusion of plasticizer in the agueous dispersion of acrylir
polymer the wmanner og'incorporation of the same, for exampie.

An exanple of a suitable controlled releﬁse formulation
pursuant ﬁo the present invention will provide a dissolption rate
in vitro of the dosage form, when measured by the USP Paddle
Method at 100 rpm in $00 ml agueous buffer {(pH between 1.6 and
7.2) at 37° ¢, is between 12.5 and 42.5% (by wt) therapeutically
active agent released after 1 hour, between 25 and 55% (by wt)

released after 2 hours, between 45 and.75% (by wt) releasad after

4 hogrs and greater than about $5% {by wt!}) released after 6



until the dissolution profiles of the fornmulation are substantially
stabilized. The formulation is then nodified, if necessary, to obtain a
desired dissolution profile of the therapeutically active agent based on
the end point. DETAILED DESCRIPTION In certain preferred enbodi nents of the
present invention, the acrylic polymer conprising the controlled rel ease
coating is conprised of one.or nore gmmoni o net hacryl ate copol yners.
Ammoni o net hacryl ate copolynmers are well known.in the art, and are
described in NF XVIl as fully polynerized copol yners of acryl,ic and

met hacryl | chawisd eBhiy SXARRFE dsl odf CONEERt AT doserdataty BIOGMYr oups.

I n order toigbggiQagigoq&ggL%g%rreLease formulation, it is usually
necessary to oVer COAt T he substrate conprising the therapeutically active
agent with a sufihi erd®at tanobitinoh déosirabliecissadilepbesipgfdie goaxyRi c -pol yner

to obtain a weight gain level fromabout 5 to_.abou 5 reent, hough
t he over coaf*Wy tﬂég rRedraLY gjﬁ”géi’%rag&é’ﬁé ntHHY aﬁp%?la ﬁ‘g“gﬁﬁ%‘% C%I%LL'
properties of 44£ vehpesnauklcad lincasidit cagestomdrt Namdmsbr ed rel ease

rate, the inclusion of plasticizer in the aqueous dispersion of acrylic-
pol yner t hemebbarerylakei FRRSAPBIER PoMing _Wé%%?"ﬁ’&l"%%?&?t%f‘exanpl e of
asuitabl e Go0tLaldad, Al AUSEadif THAE!hP UnBHE B The! Roldl° rBEESTIH chventi on
will provide a i ssol UtTon rate in vitro of the dosage form when neasured
by the USP Raddégnavyt Amsorsitum]l §Coupsnto ntig) Gentra)usots) exdyilde ¢sfi¢dset ween

1.6 and 7.2) at 37[err].is between 12.5 and 42 5%, (b t herapeutically
active agentthf’e’f’%ﬂ‘ge@&‘gﬁ%rprfpﬁﬁw,s BEt e AegBL taNF %%V\%'@/C\ﬂf)b el eased

after 2 hounggibeiaeen 45 and. 75% (by wt) rel eased after 4 hours and
greater than about 55% (by wt) rel eased after 6
. In .a preferred embodiment of the present invention, the

acrylic coating is derived from a mixture of two acrylic rasin
lacquers used In the form of agueous dispersions, commerclially
available from Rohm Pharma under the Tradename Eudragit® RL 30 D
and Eudragit® RS 30 D, respectively. Eudragit® RL 30 D and
Budragit® RS 30 D are copolymers of acrylic and methacrylié
estars with a low content of guaternary ammonium groups,: the
molar ratio of ammonium groups to the remaining neutral
(meth)acrylic esters being 1:20 in Eudragit® RL 30 D and 1:40 in
Budragit® RS 30 D. The mean molecular weight is about 150,000,
The code designations RL (high permeability) and RS (low
permeability) refer to the permeability properties of these
agents. Eudragit® Rnfis mixtures are inscoluble in water and in
dige;tive fluids., However, coatings formed from the same are
swellable and permeable in agueous solutions and digestive
tluids. .
The Eudragit® RL/RS dispersions of the present invention may
be mixed together in any desired ratio in order to ultimately
obtain a controlled release formulation having a desirable
dissolution profile. Desirable controlled'release formulatlione

may bs obtained, for instance, from =z r&tqrdant coating derived



hours. This exanple is, of course, not intended to be limting in any
manner whatsoever. In order to obtain a desirable dissolution profile for a
given therapeutically active agent, such as that detail ed above, it may be
necessary to incorporate two or nore ammoni o nmet hacryl ate copol ymers havi ng
differing physical properties. For exanple, it is known that by changi ng
the nolar ratio of the quaternary amspni um groups to the neutral
(meth)acrylic esters, the perneability properties of the resultant coating
can be nodified. In a preferred enbodi nent of the present invention, the
acrylic ceabhnpdss ederhyped RLONS @ Mudtsgec0RLt aval a0k yEvdragdst nRR$ acquer s
used in the form of aqueous dispersions, commercially available from Rohm
Phar ma undépdt ¥ Fesganike Badrdgttier PP* @530 D and Eudragit[err] RS 30 D,

respectively. BEadraQistish o RoadbyiaRfle RUMRALE{AT ProRBLSGbyDadtering
copolynmers of acrylic and nethacrylic esters with a | ow content: of” -

quat er nar y themosiathvgr enpents lof #bf tarenst ferBicarefim AT s the t he

i ni tral th [ t ' X ' ' A L 30 D
a1 40" AIERATAATT EFpFE I ofh chE G miL hehuidl ddb TiELAH bciElodt
150, 000. TherCedenstes grathersasihg (&t Gecpeasdrbihe tthickAdsRD A Ithw

perneability) refer to the perneability properties of these agents.
Eudr agi t [ er§qtarReanss sA3fiAFes are insoluble in water and in digestive

fluids. However gcoaliddds hosgmdibhonad Rers i pdl gneiehlall! £ WadepRgaeabl e
I n aqueous solutions and digestive fluids. The Eudragit[err] RL/RS

di sper si onsirmfthehpresaserinventiat mey bmpskd i xoujtwydohewitn tapleliesi red
ratio in Orégﬂérggdgllggnggghg), microspheres, seeds, pellets, ion—exéhanga

" resin beads, and other multi-particulate systems in order to
obtain a desired controlled release of the therapeutically active
égent. Granules, sphéroids, o; pellets, ete., prepared in
accordanée with the present invention can be praesented in a
capsule or in any other suitable_dosage form.

The coating formulations of the praesent invention shouid be
capable of producing a strong, continuous film that is smooth and
elegant, capable of supporting pigments and other coating
additives, non-toxic, inert, and tack-free.

It is preferred that the acrylic coatings uzed in the
present invention include an effective amount of a suitable
plaeticizing agent, as it has been found that the use of a
plasticizer will further improve the physical properties of the
£ilm. For example, the use of a plasticizer may improve the film
elasticity and lower the film-forming temperéture of the
dispersion. The plasticization of the acrylic resin may be
accomplished either by so-called "internal plasticization® and
*gxtarnal plasticization.*®

Internal élasticization usually pertains directly to g
molecular modifications of the polymer gur;nq its manufacture,

e.g., by copolymerization, such as altering and/ox substituting

functional groups, controlling the number of side chains, or



obtain a controlled rel ease formul ati on having a desirabl e dissolution
profile. Desirable controlled release fornmul ati ons may be obtained, for

i nstance, froma retardant coating derived 9 from 100% Eudragit[err] RL
50% Eudragit[err] RL and 50% Eudragite[err] RS, and 10% Eudragit[err]

RL: Eudragit[err] 90% RS. In addition to nodifying the dissolution profile
by altering the relative anounts of different acrylic resin |acquers, the
di ssolution profile of the ultinmate oduct may al so be nodified, for
exanpl e, by increasing or decreasing the thickness of the retardant

coati ng. The, AQUEOLS, din3PeLaans cOtn@Yoflvhex DOISUTET Sodihethad s2aat i ngs i n

the present 1 nvention may be  used in conjunction w tabl ets, spheroids

(or beads), usdangspitepes foseatihy pekl stmpulabor exc hhagwatésy vddasden. and
other multi-particul ate

stens in order to ot ai esired_contro]l ed.
rel ease of the Fﬁé?ﬁ%@u?ﬁ%ﬁ%f??&*ﬁﬂe ’é"_d’éﬂ?? aﬁégﬂ?‘ég",“_ gf)haerj“_c‘# §?’aJ6r
pellets, etgey,a FERAEONHIBNAES HHENER Wd 1ENEa MNARGEE finnYENH | On can be
presented in a capsule or in any other suitable dosage form The coating
f or mul at i onsrefenthes ppeddst drnvEdm 6an sho@cliiserdapabl e of producing a

Strong, continuoys Luldiiatyl e STROLDe AL oS! 8GaHen GRAAR G Plniyblg! Li NG

pi gnents and other coating a non-toxi c, I nert, ck-free. It

i s preferredoldsiinghpow \florcth® gidlygser uoel iks éftacplessiss ativenti on

i nclude an effective anpunt a suitabl e plasticizi ng agent, as it has
Gachp

[ f
been found tREEFIH EsE B pﬁﬁ’f‘%\%‘ﬁ"&i@%ﬁ" ehher SYFHAGEE MY physi cal
propert}es Qhpifis the desired flexibility by relieving molecular rigidity. .

Ganerally, the amount of plasticizer included in a coating
" solution is based on the concentration of the film~-former, e.g.,
most often from about 1 to about 50 percent by weight of the
éﬁlm—former. Concentration of the plasticizer, however, can only
ba properly determined after careful experimentation with the
particular coating solution and method of application.

Most preferably, about 20% plasticizer is included in the
agqueous dispersion of acrylic polymerx.

;n important parameter in the determination of a suitable
plasticizer for a polymer is related to the glass transition
temperature {Tg)} of the polymer. The glass transition -
temperature is related to the temperature or temperature range
where there is a fundamental change in the physical properties of
the polymer. This change does not reflect a change in state, but
rather a change in the macromolecular mobility of the polymer.
BalowWw the Tg, the polymsr chain mobllity is severely restricted.
Thus, for a given polymer, if its Tg is above room temperature,
the palymer will behave as a glass, belng hard, non-pliable and
rathexr brittle, properties which could be somewhat restrictive in
film.coating since the coated dosage form may be subjected to a
certain amount of external stress.

Incorporation of suiltablse plaétiéizets into the polymer

matrix effactively reduces the Tg, so that under ambient
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film For exanple, the use of a plasticizer may inprove the filmelasticity
and lower the filmformng tenperature of the dispersion. The

pl asticization of the acrylic resin nmay be acconplished either by so-called
"internal plasticization" and "external plasticization.” Internal

pl asticization usually pertains directly to nol ecul ar nodifications of the
pol ymer during its manufacture, e.g.,lby copol yneri zation, such as altering
and/ or substituting functional ,groups, controlling the nunber of side

chai ns, or controlling the length of the polyner. Such techniques are
usual ly not pelif;ef grd day Ehﬁné g&avé@wr;oa‘noweuﬁgau NGaSottlr QRrodyd:er nal
pl astici zation involves the addition of a material to a filmsolution so

t hat the rendsithes chatrtgesabye ftiol mepidpeethosicall streesdgry fil m can be

achi eved. The suitabilit f | ast.icizer_gdepends pn.its affini r

sol vati ng power P%Pe'f r?gp%‘&?@r?%r gﬁgga}ﬁes pg??glc%z\%ﬁe{s) Clé’fieiﬁ'feera éﬁ/"ﬁg Wi th
pol yrer - pol yserenat pagddRiater UGBt ags iavigbyai rganhsnd heyetdesi ted thkexi bility
by relieving nol ecul ar rigiditxi..Gbnerqle, t he amount of plasticizer

i ncl uded i n sthydgelhytass, urpd Fhes IpsRIstPIdAtY RS ShAcRIAStAFLeeF d Haker-
filmformer, e.g. fol R I ght of
the filmforner. EéSEgghst (r?’zgt :é‘%'irgag?@][ ﬁie)%igzsk?%g? ?&?ukﬁéo\%eo\%glﬁgcrﬁgﬁ%ﬁ%g be
properly detef rinecgrasérsr ioaefion enpbrdayebbttitamen not t Hintiked ploo taicubar

coating solution and nethod of applicatiQn. I\/byt ref erabl out 20%
pl asticizer PEd fEFEHRI TRt AR 33&&5’6% ‘iﬁ%ﬁ&?s’? oﬁ‘gaf ‘é‘?‘:ﬂ%‘f‘h %33"9‘ f. An
i mportant pag@iRiyAr phnd RRedeifd FoBILHOP 100-Brépyienl! flycolr. other
plasticizers which have proved to be suitable £ér enhancing the
alasticity of the films formed from acrylic films such as
Eudragit® RL/RS lacquer sclutions include polysthylene glycols,.
.propylene glycol, diethyl phthalate, castor oil, and triacetin.
Triethyi citrate is an especially preferrsd plasticizer for the
agueous dispersions of ethyl cellulose of the present iﬁvention.

It has further been found that the addition of a small
amount of talc reduces the tendency of the agueous dispersion to
stick during processing, and acts as a polishing agent.

The stabilized controlled release formulations of the
present invention slowly release the therapeutically active
agent, e.g9., when ingested and exposed to gastric fluids. The
controlled release profile of the formulations of the invention
can be altered, for example, by varying the amount of
overcoating, altering the manner in which the plasticizer is
added, by varyihg the amount of plasticizer relative to acrylic
resin, by the inclusion of additional ingredients or excipiente,
by altering the method of manufacture, etc.

A wide variety of therapeutically active agents can be used
in conjunction with the present invention. The therxapeutically
active agents {e.g. pharmaceutical agents) -uwhich may be used in
the compositions of the present iﬁv?ﬂiion'include both water

soluble and water inscluble drugs. Examples of such

-



pl asticizer for a polynmer is related to the glass transition tenperature
(Tg) of the polyner. The glass transition tenperature is related to the

" tenperature or tenperature range where there is a fundanental change in the
physi cal properties of the polyner. This change does not reflect a change
In state, but rather a change in-the macronol ecular nobility of the
polymer. Below the Tg, the polyner chain mobility is severely restricted.
Thus, for a given polynmer, if its Tg 1s above roomtenperature, the pol yner
wi || behave as a glass, being hard, non-pliable and rather brittle,
properties WhPEIPeaSHFel e 26bResdentestiq edrvantipistpminecodtIfiy since the

coat ed dosage,{ r/RIRY: P HRLARIEHntRe 7 FELLEASARIRL la external stress.

I ncor poration of “suita plasti‘cizers 1nto the polynmer matrix effectively
reduces thedigehsorphRal ramider neddzitent analheséondl4.igensasticing | eadeding,
softer; nore | abl e .and ofteglfstron e

| dt bet t er. ahl i st
mechani cal &f %‘Ié S P ARYIEEIBERY X Yt © &‘Ir:?%aneé 5 §§)[r, %pze{:snaﬁag étgozryes' S

incl ude "t he

ability of tlgengdad.kCi Z@dproRyRftdidlotednnd inavnbinatgnagtuiproten, t he
ethylcellulose, and the insolubility of the plasticizer in water. Exanples
of suitabl e yseharindehers Fapirine wdipipe) pAaFhEPsinfestipalst @88nt i nventi on

i ncl ude, but_are ipted Lot 1 | d L reethyl citrate
NF XVI, tri bal??'ﬁl eigelq{lrcgt g%'gsfi'b&tgtﬁé%ﬁrﬁg a%)e', %3‘%3 %%%%%Ef'? 1‘%2%? opyl ene

gl ycol . O hatheplyesin C meprabandaicehhaih\nd tipe peresn)t, 0 vbgodilliatabs e(ef.gr , enhanci ng
the elasticity of the filns formed, from a%iq filps such ai Eudragit[err]
RL/ RS | acqudtte8iRionE2PhtaTdas . Rt YderFr Al JigaEfirinel , anti-tussive

agents and expectorants {e.g., codeine phosphate),

. anti-asthmatics (e.g. theophylline), snti-spasmodics (e.q.
atropine, scopolamine), hoxrmones (e.g., insulin,:leparin),
‘diuretics (e.g., eltacrymic acid, bendrofluazide},
anti:hyﬁbtensives (e.g., propranoclol, clonidine), bronchodilétors
(e.g., albuterol), anti-inflammatory steroids {e.q.,
hydrocortisone, triamcinolone, prednisone), antibiotics (e.g.,
tetracycline), antihemorrhoidals, h?pnotics, psychotropics, -
antidiarrheals, mugolytics, sedatives, decongestants, laxatives,
antacids, vitamins, stimulants (including appetite suppressants
such as phenylpropanolamine). The above list is not meant to be
exclusive,

In certain preferred embodiments, the therapeutically active
agent comprises hydromorphone, oxycodone, dihydrocodeine,
codeine, hydromorphone, dihydromorphine, morphine, buprenorphine,
salts of any of the foregoing, and mixtures of any of the
foredoing, and the like. IXIn other preferred embodiments, the
therapeutically active agent comprises theophylline.

When the dispersion of acrylic resin is used to coat inert
pharmaceutical beads such as nu pariel 18/20 beads, a plurality
of the resultant stabilized solid controlled release beads may
thereafter be placed in a gelatin'cabsu;e,in an amount sufficient

to provide an effective controlled release dose when ingested and



propyl ene glycol, diethyl phthalate, castor oil, and triacetin. Triethyl
citrate is an especially preferred plasticizer for the aqueous di spersions
of ethyl cellulose of the present invention. It has further been found that
the addition of a small amount of talc reduces the tendency of the aqueous
di spersion to stick during processing, and acts as a polishing agent. The
stabilized controlled rel ease formul g4i ons of the present invention slowy
rel ease the therapeutically active agent, e.g., when ingested and exposed
to gastric fluids. The controlled release profile of the formulations of

t he inventi apneadtdie byl gestade foridexahplhishpnhadipieny, therdsnsantedf
overcoating, altering the manner in - which the pIasticEzer isbadded, by
varyi ng t he “iBunt tReF2BRAEIG3E Y ACHERARIT ARS8t %1%, "By the

| ncl usion ofyaddii R ahe! Mt‘%ﬁé@@i&%l@? £XCivY 89St 1Ry watéerdnagthbe net hod
of manufacture, etc.” A wide variety of therapeutically active agents can be

used in conjsmeyion the BolkEopr estenta spbetrAton. IThexpRRkapdtt PRARPY active
o “The pr eacHt/ PnUEH ol F PR Dovh IREFEr soPUbf i iaa sad S SRIRCR 1y o
drugs. Exanpl@frealestichire alsd bhesdpaubiced |goatdhy vicheateats imoirdde to
anti histamnes (e.qg., dinmenhydrinate,. diphenhydgam ne, | or pheniram ne and
dexchl or phén??sérﬁtngh?rd’lyé‘ﬁf’ﬁ?fph&ﬁal Mawing tR He ;’ﬁﬁ ¥ iaﬁ,gpﬁﬁd‘g‘f ﬁ’é’,&"ﬁm phi ne,
di hydr onor phone, s A¥¥EQ0RRC, Clror) exdifie, | B hAsERREOGNIMICRESUd& U, '
napr oxyn, dicl of enac, indonethacin, 1buprofen, acetam nophen, aspirin,
sul i ndac), gagdraxyprbpsl imeshgleeidulose, etc. with or without colorant nay
be added to the solution and the solution mixed (e.g., for about
1 hour} prior to application of the same onté the beads. The
result;nt coated substrate, in-this example beads, may then be
-optionalgy overcoated with a barrier agent, to separate the
éherapeutically active agent from the acrylic coating. An
example of a suitable barrier agent is one which comprises
hydroxypropyl methylcellulose. However, any film—former known in
the art may be used. It is preferred that the barrier agent does
not affect the dissolution rate of the f£inal product.

The hydromorphone, HPMC protected (optional) beads may then
be overcoated with the acrylic polymer. The dispersion of
acrylic polymer preferably further includes an effecti&e amount”
of plasticizer, e.g. triethyl citrate. Pre-formulated
dispersions of acrylic resins, such as various commercially
available forms of Eudragit®, such as Eudragit® RS300 and

_ Budragit® RL 30D.

The coating solutions of the present invention preferably
contain, in addition to the film-former, plasticizer, and sgolvant
system {(i.e., water}, a colorant to provide elegance and produckt
distinctlon. Color may be added to tha solution of the
therapeutically active agent instead, or in addition to the
overcoat. Suitable ingredients for éroviding color to the

formulation include titanium dioxide and color pigments, such as



anti-enetics (e.g., nmetoclopramde), anti-epileptics (e.g., phenytoin,
mepr obamat e and nitrezepam, vasodilators (e.g., nifedipine, papaverine,
diltiazemand nicardirine), anti-tussive agents and expectorants (e.g.,
codei ne phosphate), anti-asthmatics (e.g. theophylline), anti-spasnodics
(e.g. atropine, scopolamne), horrones (e.g., insulin, [err], diuretics
(e.g., eltacrymc acid, bendrofluazigg), anti-hypotensives (e.g.,
propranol ol, clonidine), bronchodilators (e.g., albuterol),
anti-inflammtory steroids (e.g., hydrocortisone, triantinol one,

predni sone)  BILLAIG! besndifted. nd QHEBENSHIOEh, oNSisheRRY ) BRYdals,

hypnoti cs, psychotrop antidi arrheals, mucol ytics, sedatives,
decongest anhswetaxatihvesssanhacielssrdviet dectn e e $he meaghes- (i ncl udi ng

appetite suppressants_such as phenyl propapol am _ne The aboye lLjst is not
meant to bePeXEFRRNVENYY n“byelsf‘gf‘?‘?’r%er é‘r‘gg?‘ga" eﬁﬁS‘ﬂ%‘?‘?’é‘ﬁt g?ﬁf \é’Q the
therapeut i Calhyuffdions 886kle HREDSAS GRvENELSHTREPhEE GisexyCOdONE,

di hydr ocodei ne, codei ne, hydronor phone, di hydronor phi ne, norphine,

bupr enor phi ne, sBhe¢ Plestinizeadf coapinpodgarrvt icanglynet presbofabRAYedf t he

foregoi ng, and._t | J r qurpgg | S
t her apeuti czﬁﬁ%f/’ glg? ig\?leéggﬁ%%] °%‘6‘E§§?§gg§ft?‘%egg%y I ?gié eﬁc‘%ﬂ% 3?352#’3% on of
acrylic resigpragingeting sontsuineble paryoequinneat rewdsisudis astnu Pari el

18/ 20 beads, a pluraljity of the_resultant abj |l ized solid controll ed
rel ease be:tc?s pﬁ%g’f’ffé{r é‘)ﬁlf"’["é‘?' l?ewﬁfggee"d%lgﬁiiiﬁeé*%% % E':Jg"é.“sﬁﬁ’ gﬁ amount

sufficient tgiRhOXh dBraHe€f f Bflek¥8a COMIM Qhlitheath] eARAadRES ML RoBYESt ed
and contacted by gastric fluid. 1In this enbodinent, beads coated
naterial and effects drying vhile the acrylic polymer coating is

sprayed on. A sufficient amount of the coating to obtain a
predetermined controlled release of the'thééapeutically active
agent whien said coated substrate is exposaed to aquecus solution;,
e.g..gastric fluid, is preferably applied, taKing into account
the physical)y characteristics of the therapeutically active
agent, the manner of incorporation of the plasticizer, etc.

After coating with acrylic resin, a further overcoat of a
film-fqrmer, such as Opadry®, is optionally applied to the beads.
This overcoat is provided, if at all, in order to substantially
reduce agglomeration of the beads.

Next, the coated beads are cﬁred in order.to obtain a
stabilized release rate of the therapeutically active agent.

Traditionally, curing has been carried out for Eudragit®
coated formulatioms, if at all, via a fluild bed at 45°C for 2
houre after applicétion. Such a standard curing {s& recommended
by Rotm Pharma because it is above the glass transition
temperaturse (Tg) of BEudragit® RS 30 D plasticized with
triet&xlq}trats at a 20% level of solide. This recommended
curing does not stapiiize the dissolution profile of the
formulation upon storage, as will be.demoﬁbtrated by the examples

sat forth harein.



with a therapeutically active agent are prepared, e.g. by dissolving the
therapeutically active agent in water and then spraying the solution onto a
substrate, for exanple, nu pariel 18/ 20 beads, using a Wirster insert.
Optionally, additional ingredients are also added prior to coating the
beads in order to assist the hydronorphone binding to the beads, and/or to
color the solution, etc. For exanpl ejga product which includes

hydr oxypr opyl nmethyl cellul ose, retc. with or without col orant nmay be added
to the solution and the solution m xed (e.g., for about 1 hour) prior _to

application of e 53Ry Utep fll@uRRBS, thREpE&sdHtt antertaaherk substrate, in
this exanpl e beads, may then be ‘optiionally overcoated with a barrier agent,

t 0 separ at ectheb) irvedpbytsubdpeyingc the ecanfedt shvmathe 2oyl P %Eoat? ng. An
exanpl e of a_suitahle barri Nty L, C G Dy Oxner opyl-
met hyl cel | §| 58&PeX “\fﬁvaﬁatg%yé%ﬁ %‘%gir‘%? %%wénhaﬁgn?hfe art ma;pbé used. It
i s preferrednthaiidchenbasudiag agant adoesximdhtal$ ectachad ati wsddhutthen rat e of
the final product. The hydronorphone,  HPMC protect (otg i onal ) beads may
then be ov&eabas ctPTRHUERtIPR 25E21NS @ PoFYIELoRnRA L periBn Bt " acrylic

pol ymer prefgr : fyt ' | ¥ €0 ATRUBLnEY d4é ci zer,
e.g. triet h{ﬂ%sgig{‘érljﬁﬁlg& Dgégeg g%ér‘lm at §§°§‘|;’ts°§§tf’5|¥o%s of a'(‘:‘fiﬁiigéér efsi ns, such
as vari ous €avreeditEniperataid abd o bundd ity .Fudragraller r$he sucinitine

Eudragit[ery] RS30D  and Eudragit[err] . RL 30D. The coating solutiqns of the
present i nveEhfPSR® pte8REBISF E‘gﬁ?‘aiaﬁ‘f“' Fﬁe aﬁﬁ!gf‘?oge‘fpt?r?ﬁ'érgimﬂh‘f%r %@F,
pl astici zerexs4pdes CABLAY 48YE! €Mt (has furtRéLHeendd RIReREd frOtREOVI de
el egance and product distinction. Color may be added to the solution of the

t her apeut i cR¥4SPN&CIINANTAGRNEIAtNSE ki oS NeFPSEREN t TR FUPdeEh SNy RPRIPR: .
Sui tabl e 'r@ﬁééﬁrgﬂéscé‘ﬂhmﬁﬁ£éy-QEOSHéNQbQLetéhéﬂaﬁt conditions during the

cyrinq %tep in order to achieve a stabilizéé end product.

one Possible mechanism for the change in the dissolution
proffle of prior art products cured by the stahdard methods is
that these products continue to cure during storage, and may
never reach a stabilized end-point at which the product provides
a substantially constant dissolution profile. In contrast, the
cured products of the present invention provide a release rate of
the therapeutically active agent which is substantially
unafrfected during storage by elevationg in temperature and v
humidity.

In preferred ambodiments of the present invention, the
stabilized product is obtained by subjecting the coated substrate
to oven curing at a temperature above the Tg of the plasticized
acrylic polymexr for the required time period, the optimum values
for temperature and time for the particular formulation being
determined experiwmentally.

In certain ambodiments of the present invention, the L
stabilized prodd&t.is obtained via an oven curing conducted at a
temperature of about 45°C for a time period from abcut 24 to
about 48 hours. Thus, in certain embodiments, it way be

preferable to cure the product for,'e.g., 36 hours. In certain



formul ation include titanium di oxi de and col or pignents, such as 14 iron
oxi de pignents. The incorporation of pignents, may, however, increase the
retard effect of the coating. Alternatively, any suitable nethod of
providing color to the formulations of the present invention may be used.
The plasticized coating of acrylic polyner nmay be applied onto the
substrate conprising the therapeutically active agent by spraying using any
sui tabl e spray equipment known i-n thejart. In a preferred nethod, a Wirster
- fluidized-bed systemis used in which an air jet, injected from underneath,

fluidizes the core materj.al and eff 3 My | g t acky|dduROl yner
coating is %rperfaeﬁé‘-adoer’]“}bo *3‘6 f'citgﬁt Sg%r%uu%t’ ngg‘f{]% éggtﬂn’%& to obt z’i:i n a
predet er m ned izoateol dadtkamph eese ekeihettidte capeadn pabdyctac cpyeedhgdbh when

sai d coated substrate is exposed to,agu?eﬁ(z sol uti ni e.%ﬁ gastric fluid,

i s prefer abFy® &FBFEFatteq A AFT MG a8 ot~ FhB" Vg’l fyen Rar8t eri stics of
the therapep{dfiglel ¥ 86t { % t3H€MondeRCtRBNNG n8hrd N@EPOSAHARs O t he

pl asticizer, etc. After coating with acrylic resin, a further overcoat of a

filmformerposach as Qpadry[err], is optionally applied to the beads. This
C ded. . L f : b .
overcoat 1s pro:ﬁht%ﬁet %aﬁg{tr%ﬂea' %Qggr?‘é"‘%"ggaﬁé ! BLddedte It on

aggl oneration o Next, t coa are cured in order to
obtain a stabitd zedappl et eco abpratfs,t hRet trlapevdrs el y . attd vabsigsitie) ’
Traditionally, curi Q. has been carried out fqr_ Eudragit[err] coated

f or nul at i on82Y | FoRpT gFI thejastive| 3githaleny UsPerhy PRarmacHifirally ¢ o

appl i cati ong Susted 15200 AnabbbOikd1S e EEQMREYEChE) material,

including but not limited to sucrose, dextrose, lactoss,

’microcrystalline.cellulose, xylitol, fructose, sorbitol, mixtures
;pereof.and the like. Also, an effective'amsﬁnt of any generally
accepted pharmaceutical lubricant, including the calcium or
magnesium soaps may be added to the above~mentidned ingredients
of the exciplent prior to compression of tha tablet core
ingredients. Most preferred is magnesium stearate ih an ampount
of akout 0.5-3% by weight of the solid dosage form.

Tablets overcoated with a sufficient amouﬁt of the coating
of acrylic resin to achieve a controlled release formulation
pursuant to the present may be prepared and curaed in similar - v
fashion as explalned above wWith regard to the preparation of
beads. One skilled in the art will recognize that nec@ssary
curing conditions with regard to the particular elevated
temperature, elevated humidity and time ranges necessary to

obtain a stabilized product, will depend upon the particular

formulation.

ETA DESCRIPTION OF R] E ME
“The following examples ifllustrate various aspects of the
present invention. <They are ant fo b¢ construed te timkt the
¢laims. in any manner whabtsoaveruy



by Rohm Pharma because it is above the glass transition tenperature (Tg) of
Eudragit[err] RS 30 D plasticized with triethylcitrate at a 20% | evel of
solids. This recomended curing does not stabilize the dissolution profile
of the fornulation upon storage, as will be denonstrated by the exanples
set forth herein. "15 The curing step pursuant to the present invention
is acconplished by subjecting the coated substpate, e.g., beads, to a
tenperature greater than the Tg-of the coating fornulation and conti nui ng
the curing until an endpoint is reached at which the coated fornulation
attains a dissolution profile which iggsgupstantially unaffected by exposure

to storage conditions of gkeyvatsadoheapai@iroherptithe0Beddyri dity. Generally,
the curing tinme is about 24 hours or nore, and the curi t enper at ure nmay

be, for exanpl e, FY5GHPrEBING PPadFYeRes PREPITRET PBetP B EtBlered in the
present | ”V%Pkk%béﬁa%e' ficl SN0k cDECEIIARY SfudiyP] €010 h8, Qqahedpeubstrat e
to humdity level s above anbient conditions during the curing step in order
to achi eve daspudriudty gdmeextipldtuayail@bdepboon Sodonwnhdpssaidt, .t he change
in the dissqglutio rofile. qf prior art products.cu t andard
met hods is 3ﬁ%Ts¥ %éé%apro téh:5%88%%??uﬁXdESQ%%#égyéu?%é$ 1?%%%%%%??‘and may
never reach wagbrPhtdpzadcermhyarient tbtanitinchibokiieyr peleithplend doycal
substantially constant dissolutign profile._In contrast, the curggagéoducts
y
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active agent; Wabhel i TRt A BRGY o e phefedull 59 vab@k agf A3y a€l evati ons
in tenperature and
Wurster insert. The resultant preparation had the formula sgt

. forth in Table 1 below:

TABLE 1 - .
Ingredients Percent (by wk) amt/unit {(mg)
Hydromorphone HCl 5.0% 4.0 mg
Nu Pariel 18/20 92.5% 74.0 mg
Opadry® -
Lt. Pink Y-S-1442 2.5% 2.0 mg
100.0% 80.0 mg
EXAMPLE 2
atardant Coating ~ No Cu te:

In Example 2, hydromorphone beads prepared in accordance
with Example 1 were overcoated with Eudragit® RS 30D to a 5%
weight gain as set forth in Table 2 below. HNo texminal drying

was conducted.

TABLE_ 2

Inaredients Percent (by wt) amt/Unit (mg)
Hydromoxrphone beads 92.59 80 )
Eudragit® RS30D . 4.63 4
Citroflex 2
{txriethyl citrate) 0.93 0.8
Talc 1.85 1.6
Parifried water ds

100 86,4

The hydromorphone beads were tested for initial dissolution,
and then stored for one month under accelerated codaitiona.of
37°C/80%RH (RH = relative humidity). After one month, the beads

were found to have agglomerated.



humdity. In preferred enbodi nrents of the present invention, the stabilized
product is obtained by subjecting the coated substrate to oven curing at a
t enperature above the Tg of the plasticized acrylic polymer for the
required time period, the optinmumvalues for tenperature and tine for the
particul ar formul ati on being determ ned experinentally. In certain

enbodi ments of the present invention,yghe stabilized product is obtained
via an oven curing conducted at -a tenperature of about 45[err] for a tine

. period fromabout 24 to about 48 hours. Thus, in certain enbodinents, it
may be preferabl eidspletiienttestprockicicakoied eng. vi8B:NeoUSB Bagkektertai n 16

preferred enbodi nents, the product irs cured for about, 48 hours. |t is also
cont enpl at ed" 8P 1T t Fat 2L AP Hr nt HrSuBets tHafddodf i<t ﬁb“’(%ﬁ?’rﬂ'} 1%ed-

rel ease coatiyyg Ofarddi@ BbESENhLI BV &5l ONTRR Y iIsBBYLE forP we sl ddMdutt&® Hyonger
than 48 hours, e.g. 60 hours or nore. Wen the controlled rel ease coating

of the preseracinyeant cprni sersylpecpplinday tan tapprepsiateheeidiyl ef keds (e. g.-
t he substrat Y ri se.t | ve._a t n | .
phar maceut i cﬁtlpgga‘(’:%%éﬁéd ﬁlee:}t%s%ﬁ%é? ﬁggegggc%%t?‘i ??\gf;atb?aia?ﬁbeer}ﬂ“ mat efi al ,
including but not limted to sucrose, mgrErpse, |actose, mcrocrystalline
cel | ul ose, XiMdreppreiangcHitel2 Wr&g;‘%ﬂ°illﬁ'_ﬁx%ﬂeé§etig?@@ﬁeand the Iike.
Al so, an effective' anount of & phar maceut i cal
| ubri cant, includingyfi3e- cal ci um or magnesi um soaps may be added to the
above- nmenti oned i ngr adrentarerage

rhone Fill Wt

Time HC1 {mg} 1 bhr 2 hr 4 hr 8 bxr 12 hr 18 hx 24 hr
Initial 12.34 259,2 1.5 S.1 15.6 53.5 76.9 93.6 100.0

" 37°C/B0O%RH .
1 mo. | 12.42 262.6 2.} 6.1 12.6 35.%.-56.2 75.1 86.1

The above results demonstrate that there was a profound
slowing of the dissolution of hydromorphone HCl from the coated

beads wvhen the beads were subjected to accelerated storage

conditions.

EXAMPLE 3
Protecting the Retardant Coating

In order to determine if the slowing of £ha dissolution ot
the hydromorp@one beads of Bxample 2 was due to a stability-
preblem between the hydromorphong and the retardant, in Example 3
Nu pariel hydromorphone beads were prepared according to Example
1, then ovarcoated with 5% HPMC, and taested without the retardant
layer. Dissolution tests were conducted initially, and after
storage at accelerated conditions of 37°C dry and 317°C/80%RH.

The results of the dissolution tests for Example 3 are seat

forth in Table 4 below:



of the excipient prior to conpression of the tablet core ingredients.
preferred i s nmagnesi um stearate in an anount of about O0.5-3% by wei ght of
the solid dosage form Tablets overcoated with a sufficient anount of the
coating of acrylic resin to achieve a controlled rel ease fornul ation

pursuant to the present may be prepared and cured in simlar fashion as
expl ai ned above with regard.to the prepgaration of beads.

art wil

formul ati on.

following exanples illustrate vatdbiddtnspetat Sumlagyhe present invention

| recognize that necessary curing conditions with regard to the
particul ar el evated tenperature, elevated hum dity and tinme ranges

necessary to obtain a stabilized prod%wg | 1 depend upon the particular

DETAl &Ry RoRE | 8 GFm kERRER 1 EMBORIaPEMTS: The

They are not to be cgnstruced to limt the clains in any manner what

over.

17 Exanple E? Qﬁ; &
beads were pr&R3ngd

I ng hydronorphone HO in water, adding

Most

One skilled in the

SO

of Hydronor phone Beads Hydr onor phone

Qpadry[err] !ﬂ&g1442lﬁulghtnmnnky;nQNZMMmt comercial ly avail abl e from
WesEnitdiadt , 8PéRinsytSfani 490 vthiteh Tont ai ns hydr oxypr opyl

d droxypropyl cel lul ose, titanium dioxide, polyethylene
N@., 430 Aldvm nubgy lakep.o 20%wW w, and m xi ng for about 1

Col or on,

nethylcellm
and ]
hour, and then wprayisngsontsmu peaoie@hod8 20 beads using a Wirster

gl ycol

The resul tant preparation had the fornulg.set
: B <o

a

Hydroworphone HC1 8 mg Controllad Release Capsules

abili Da Suim
37°C/80% RH
1 no. 8.49 167 100.0 100.0
2

MO, 8.49 170.3 100.0 100.0
The results of Example 3 show that the coated beade which
did not include a retardant coating weére stable. '

In order to determine the relative humidity under “dry
conditions™ in the oven, the relative humidity in & water-filled
desiccator in a 60°C oven was determined as follows. First,
about 500 grams of purified water is pouxed into a plastic
desiccator and the metal guard inserted. A
hygrometer/temperature indicator is placed on top of the guard ‘
and the desiccator covered and placed in the 60°C oven for 24
hours. After 24 hours the relative humidity in the desiccator
was 85% while the temperature was still 60°C. On placing the
hygrometer alone in the 60°C oven for 24 hours, the relative

humidity was 9% at 60°C.

EXAMPLE 4
o t curi According to Lite ure om iong

- In Example 4, hydromorphone beads prepared according to
Example 3 were coated with the Eudragit® RS to a 5% weight gain.
After application of the coatinq,ithe ﬁeaée were dried (cured) at
45°C in a fluldized bed dryer for 2 hours. This temperature i€

above the Tg of Eudragit® RS 300D, plasticized with

i nsert.



forth in Table 1 below TABLE 1 Ingredients Percent (by w)

Ant/Unit (nmg) Hydronorphone HC 5 .0% 4.0 mg Nu
Pariel 18/20 92. 5% 74.0 ng Opadry[err] Lt. Pink
Y-5-1442 2. 5% 2.0 ng 100. 0% 80.0 ng
EXAMPLE 2 Retardant Coating - No Curing Step In Exanple 2, hydronorphone
beads prepared in accordance with Ex le 1 were overcoated with

Eudragit[err] RS 30D to a 5% weight gain as set forth in Table 2 bel ow. No
term nal drying was conducted. TABLE 2 Ingredients Per cent
(by wt) Triethyl ARt Fdidn tae( oy 1Hydraﬂnaphnne besggolution tests wgpe 59
80 Eudragit[err] RS30D 4.63 ' 4
Gitroflex 2c¢rdisseryfniiiatdye)and after storage 3tg37°C dry and

Tal c 37°C/80%RH. The results %réEEet forth in Table 5 below:l. 6 Purified
wat er 100 4 The hydronor phone beads were tested
for initial dissolution, and then stored for one nonth under accel erated

0.8

conditions of 37[err]/80%H (RH = r;hg&&x&ihunidity). After one nonth, t he
beads were found tgyhawe -BRGL HRE 34 controlied Release Capsaules :
Stability Data Summary
Rydro-

moxr- Averaga
Testing phone Weight

Iime HEl {mg), 1L hx 3_h§ ﬁ_h! §~hx zz_n; 18 hr' 24 hr

2 _hours* 8.50 178.5 8.0 21.8 45.7 ]
11 dissolution after curing

37°C dry :
1mo, 8.50 177 16.8 25.8 44.2 67.8 80.8 )
2 mo. 8.39 174 24.6 40.8 61.8 83.4 94.0 100.0 :

37°C/B80%RH

1 mo. 8,50 174 48.8 60.) B0.7 94.0 100.0

.2 mo. 8.88 178 53.6 76.3 90.7 98,2 100.0

From the results provided above, it can be seen that the-
hydrowmorphone dissolution from the beads underwent significant
changes upon storage, and that the short curing step recommended

in the literature and utilized in Exawmple 4 did not to help the
stabllity/curing problem.

EXAMPLES S5-6 .
O G_TH o] G

JIn Example 5, Budragit®-coated beads prepared according to
Example 4 were overcoated with 5% HPMC to protect the retardant
coating from the environment. ODissolution tests were conducted
initially, after storage at room temperature (RT} for 3 months,-

and after storage at 37°C dry and 37°C/80%RH. The results are
set forth in Table § below:



18 Dissolution tests were carried out via the USP Basket Method, 37 [err],
100 RPM first hour 700 ml gastric fluid at pH 1.2, then changed to 900 m
at 7.5. The dissolution was conducted by placing an open capsul e contai ni ng
an appropriate weight of beads into a vessel. The results are set forth in
Tabl e 3 bel ow. TABLE 3 Hydronorphone HO 12 ng controll ed Rel eased Capsul es
Stability Perfornmance Data Hydro- ”‘)El Average phone Fill W Tine HC
(my) - 1 hr 2 hr 4 hr- 8 hr 12 hr 18 hr 24 hr Initial
12.34 259.2 1.5 5.1 15.6 53.576.9 93.6 100.0 37[err]/80%H 1 no.
12. 42 262.6 2.1 6.1 12.6 35.14 2¢ /5.1 86.1 The above results
denonstrate that tyarenvgshameprol U sbotmoljedfrdlleasdi Gapsudes on of
hydr onor phone HE from the coafkabBdidsDakRSUPMRIheads were subjected to
accel erated storag8Y @_‘Efdime%% EXAMPLE 3 Protecting the Retardant
Coating | nygedfig t @ ergegnt f the slow ng of the dissolution of the
hydr onor phongmaeads gt Exa 2.ues zue t4 e S8 ghd | 12 hpr Dhlvem hetween t he
hydr onor pholEitdadl t Be2? et a¥%Paft, Fnd EXAnd| @735 N§Sphri 8-y aPBndr phone beads
wer e prepar according to Exanple 1, then overcoated with 5% HPMC, and
tested With%ﬁto.t he eyar dapig lsayes.« Di559! Wbl 0N ghest Sy € gpnducted
initially, and after storage at accel erated conditions of 37[err] dry and
37[err]/80%EHE B results_of the dissolutign tests for Exanple 3 are set

1 mo. - 8.29 182 6.4 12.5 28.6 63.9 85.7 100,0 .

2 mo. 8.56 175 8.1 15.4 31.3 61.9 78.5 B89.4
3 mo. 8.30 177 6.8 14.2 30.3 61.4 77.8. 89.8
37°C/80%RH

1 mo. 8.29 186.7 7.9 15.7 34.8 68.4 88.0 100.0
. 2 mo. 8.41 182 9.7 17»6 5.2 6600 83.2 94!7
3 wo. 8.78 181.7 6.4 12.2 28.2 59,7 77.3 88.4

- In Exanple 6, Eudraqiﬁ°~boated beads prepared according to
Example 4°which were not cured were overcoated with 5% HPMC to

protect the retardant coating from the environment. Dissolution

e,

tests were conducted initially, and after storage at 37°C dry and
37°C/80%RH. The results are set forth in Table 7 below:

»

TABLE 7
Hydromorphone HCl 8 ng Controlled Release Capsules

Stability Data Summary

Hydro-
mor~ Average
) phone Fill wt
Tine HC) {mg) 1hr 2 hr 4hx 8hr 12 hr 18 hxr 24 hx

s al 8.28 178.3 0.7 10.5 34.0 68,3 85.1

[y

RT

3 mo. 8,32 177 5.5 10.5 2.5 57.3 77.9 92.5
al:cdry

1 mo. 8.28 178 1.4 2.4 6.2 27.3 61.8

2 mo. 8.39 177 2.0 6.3 12,6 38.5 70.2 84.6

3 mo. 8.20 172 1.1 4.1 8.8 30.3 61.2 84.6

7:C RH .

1 mo. 8.28 176.7 2.3 4.0 9.3 32.7 61.4

2 mo. 8.70 179 2.6 6.5 1l.1 35.2 66.6 90.1

3 mo. B.26 177 1.3 4.1 2.3

30.4 62.3 87.7

As can be seen from the results brovlded in Tablag 6 and 7,

other than preventing the spheroids‘(particulnrly the Budragit?



forth in Table 4 bel ow 19 TABLE 4 Hydronorphone HC 8 ng Controlled
Rel ease Capsules Stability Data Summary Hydro- nor- Average Testing phone
Wi ght Time HCl (mg) 1 hr 2 hr Initial 8.49 166 100.0 100.0
37[err] dry 1 no. 8. 49 167 100.0 100.0 2 no. 8. 49 167 100. 0
100. 0 TABLE 4, cont'd Hydronorphone HC 8 ng controll ed Rel ease Capsul es
Stability Data Summary 37[er.r]/80%RH53 no. 8.49 167 100.0 100.0 2 no.
8. 49 170.3 100.0 100.0 The results of Exanple 3 show that the coated

beads which did not inclu reta dant .coatin bLEnaddiofider to
det er ni ne tf 58] 3??“"‘??5&1 6rey aﬁ’ﬁ &re 4 chon%“t | %g‘gﬁe%nkt?\%i oven' the
rel ative hughdlide¥minan Hbm‘cebvéﬁd&aadad@&dl:cateﬁilirteatﬁé)[mﬁ]mm/eﬁ was

determ ned as follows. First, about 500 ans of purlfled wat er goured
into a pl asEXAmRdesi &ctbrs-anth tHe kit ‘g‘héﬁ‘&s? RESPLEgy hRVever, i

hygronet er/ he sl YES ér{l@,ca&_é’él teS tRL AERE @Rat OfheOfis 4151 uBYBH Cehanged

under accelerated conditions, the cured endpoint could be reached

at either dry or moist conditions at 37°C.

Examples 7~9 .
opti ing curi and edi s o a ogti

The results obtained from Examples 2-7 indicated that the
dissolution of the beads overcoated with a retardant coating
seemed to slow down to a poxnt and no further. Rowever, the
endpoint dzssolutlons achleved were too slow.

Since the hydromorphone in the formulations had been
protécted from the environment, it was hypothesized that exposure
to accelsrated conditions (e.g., 37°C/80%RH} had the effect of
further *curing" the retardant layer. Additional tests were
ther;fore conducted to determine processing conditions required
during manufacture to cure the product to its endpoint
dissolution.

In order to obtain a formulatfon having a more suitable
dissolution curve, and, r&hhet than reduca the coating to less
than S% weight gain, the more soluble Budragit® RL (methacrylic
ester 1:20 quatarnary ammonium groups) was included in the
retardant coat.

In Examples 7-9, the hydromorphone beads prepared pursuant
to Example 5. In Example 7, the retardant coating consisted of
100% Eudragit® RL. In Example 8, the retardant coating consisted
of 55% Budragit® RL and 50% Eudragit® RS. Finally, In Example 9,
the retardant coating consisted of 10% Eudragit® RL: Eudragit®

90% RS. Each of Examples 7-9 were coated to total weight gain of
5%.



and the desiccator covered and placed in the 60[err]oven for 24 hours.

After 24 hours the relative humdity in the desiccator was 85% whil e the

tenperature was still 60[err]. On placing the hygroneter alone in the
60[err] oven for 24 hours, the relative humidity was 9% at 60 [err].

EXAMPLE 4 Prior Art Curing (According to Literature Reconmendati ons)

In

Exanpl e 4, hydronor phone beads prepaagd according to Exanple 3 were coated
with the Eudragit RS to a 5% wei ght “gain. After application of the

coating, the beads were dried (cured) at 45[err]

for 2 hours.

This tenperature is above the Tg of Eudragit[err] RS 30D,

in a fluidized bed dryer

pl asticized withEach28r Ttieetibryd-girbkateediic28dpge el Esfnmieisi #s9 Webessol ut i on

tests were conducted_initially,..and er. . storage. red
37[ err]/ 809 th&°r dsuit s‘"a% lszeta“flgﬁ‘ hc{al"'nS %%b?% ? Sggb\[ﬁr.% R}%’g{)}r%?% one

HCO 8 ng contisddivdiBel oamm8 a8 Weks tStabiin Exakisia 2Sustadpnitlyelted. nor -

Average Testing phone Wi ght Tinme HC (ng%o ]
hr 8 hr 12 hr Onig Rramelpsd shqjfedyapgefivabdespeleappgbiotilg, Ay g 45 7

79.3  94. 2 [ ehtlndliuagolihpidreds F&dr %H&{én&aéﬁaqr.r]opksm&gm studied or 177
16.8 25.8 44.2° 67.8 80.8 2 no. 8.39 174

94.0 100.0

1 hr 2 hr

24.6 40.8 61.8 83.4
the products of Examples 7 and 8 showed the same to be immediate

release products, the amount/tyﬁe of retardant used not being
sufficient to prevent immediate releass of the drug (l.e., about
100% of the drug being released after one hour}, even after the
formulations weQu cured. gxample'Q was further tested by storing

under accelerated c¢onditions as follows. After curing for 21

.days, the samples of Examplé 9 were placed in a 37°C/BO%RH oven,

and disgolution tests as set forth in Example 2 werse conducted -
after 7 and 30 days. Representative dissolution profiles for -

Example 9 {mean results for three samples) are set forth in Table

8 below:
TABLE 8

Hydromorphone HCl 8 mg MD CR Budragit® 5% Beads
curing Percent Hydromorphone HCl Dissolved
Time ¥t (ma) 1 hr 2 hr 4 hr 8 hx 12 hr 18 hr 24hx
Initial .
Mean 191 16.6 53.} 69,3 86.7 95.6 99.3 100.0
A _day )
Mean 190.7 7.1 33.1 66.6 87.3 99.5 97.9 99.9
2 davs

Maan 180.7 7.4 35.0 67.0 87.4 95.1 98.4 89.2

4



37 C/80%%H 1 nmob. 8.50 174 48.8 60.1 80.7 94.0 100.0 2 no. 8.55
178 53.6 76.3 90.7 98.2 100.0 Fromthe results provided above, it can
be seen that the hydronorphone dissolution fromthe beads underwent
significant changes upon storage, and that the short curing step
recommended in the literature and utilized in Exanple 4 did not to help the
stability/curing problem EXAMPLES 536 PROTECTI NG THE RETARDANT COATING In
Exanpl e 5, Eudragit[err]-coated beads prepared according to.Exanple 4 were
overcoated wth-5% HPMC to protect the retardant coating fromthe
environment. Dissolution tests wereagenduectsdd nitiall y, after storage at
room t enperat ure (Rfrydtfqyror%hmtfffd Sapd *éﬁtC@rEBfé n9d§d X BBpPerr] dry and 37
C/ 80%RH.  ThEUFssuIt g setPe &Ff‘ B heng é‘Fb plesolye ‘%L 6
Hydrormrphoaémﬁ@ -ﬁ@'-‘%ont ot R ¥51 Srabrti ara Sthmar y
Hydr o- nor- yedWer agesdesti ngs. @hcmsaa V‘évg:ht Beoe  93. 3HCI 96.8 (ruﬁ 41 hr

2 hr 4 hr 8 hr 12 hr 18 hr 24 hr Initial 8.29 180 5 6.9 17 2

37.5 65.8 180da¥s 100,03 no, 8.3. 9. .3,. 81,
91.8 97.2 ié?a'rerr]qgéry 1 mo:? %% 58 % ds.5 A% %2 5958 6’?3’ 85. 7
100.0 21 days

Mean 1Sl 6.9 136.1 86,9 86.2 92.7 99.8 99.0
30 days
Mean 190.3 5.83 31.9 65.2 82.7 80.4 96.3 96.7
-8 e 4
30°‘C/8Q%RH
2 _davys

’ ) Mean 190.7 5.9 25.1 62.7 84.68 92.6 87.6 99.5
30 days -
Mean 190.3 5.8 3X.9- 65.2 82.7 90.4 96.3 96.9

The results set forth in Table 8 demonstrata that the 1
month dissolution profile showed no slowdown as compared to the
initial cured sample, even for the samples tested undar
accelerated conditions. Thus, after curing for 24 hours at

45° C, the methacrylate controlled releass f£ilm coating was

essentially stabilized.

EXAMPLES
Opti etardant C knegs

In Examples 10 - 12, additional experinentation was
conddbted to determine the optimum weight of methacrylate polymer
to use for a desirable release profile and to determine
reproducibility and effectiveness of the 48 hour cufiné steé at}
45°* ¢ dry. Three batches were manufactured at different levels
of methacrylate load and cured in a 45 C dry oven.

In Example 10, hydromorphone beads were prepared in

accordance with those of Example 3, as set forth in Table 9

below:



2 no. 8. 56 175 8.115.4 31.3 61.9 78.5 89.4 3 no. 8. 30 177
6.8 14.2 30.3 61.4 77.8 89.8 37[err]/80 %H 1 no. 8. 29 186. 7 7.9
15.7 34.8 68.4 88.0 100.0 2 no. 8.41 182 9.7 17.6 35.2 66.0

83.2 94.7 3 no. 8.78 181.7 6.4 12.2 28.2 59.7 77.3 [Jerr] In
Exanpl e 6, Eudragit[err] -coated-:beads prepared according to Exanple 4

whi ch were not cured were overcoated wth 5% HPMC to protect the retardant
coating fromthe environnent. Dissoltfion tests were conducted initially,
and after storage at 37[err] dry and 37[err]/80%H The results are set
forth in Table 7 bel ow TABLE 7 Hydrgmarphone HCO 8 ng Coritrol I ed Rel ease
Capsul es Stability Data SUNMMRS - o kY meBEr upleesdge phone Fill W Tine

HCl (Meyredientk hr 2 hr pedgedtr (Bylwt)12 hr Dhtitnid Hmginitial °8.28
178. 3 10. 7 Ry@@ohory®4n@ S 3 85.1 RE-35¥0. 8.3 177 5.5 10.5 21.5

57.3 77.9 ‘gpanigs @rti‘i’ﬁ nﬂ” 9% 28 178 1.4 2.4 6.2 27.3
6182mo"”~"*";§9‘gt ky_s_ 6.233932.6 38.54 7.2 84.6 3 m.  8.20

172 1.1°%%%71 78730.3 61 o084, 6 37 [er84/B0%RH 1 no. 8.28 176.7
2.3 4.0 9.3 32. 7 61 4 2 nn 8 70 179 2.6 6.5 11.1 35.2 66.6

90.1 3 no. 8. 26 177 0 can be seen
fromthe resul t%‘n% rhd( ar?ho aB ads dghie% fértk@gr %rogzsged’aﬁn

accordance thh Exanmple S. In Exampla 10, the rataxrdant coating,
was Eudragit® RS, Eudragit® RL 90:10 (5% w/w coating). The

formula for Example 10 is set forth in Table 10 below:

TABLE 10
Hydromorphone RCJ MD CR Eudragit® 5% Beads

Ingredients ercent (by w ni
Hydromorphone beads 87.96% 84.2 mg
Eudragit® RS 310D (30%) 3.97% 3.8 mg
Eudragit® RL 30D (10%) 0.42% - 0.4.mg ,
TEC (20% of RS & RL) 0.88% 0.84mg
Talc {40% of RS & RL} 1.75% 1.68ng
Purified water gs
Opadry Lt Pink Y~5-1442 5.01% 4.8

100% 95.72mg

Examples 11 and 12 are prepared in.similar fashion to
Example 10. In Example 11, the retardant coating was BEudragit® ’
RS, Eudragit® RL 90:10 (8% w/w coating). In Example 12, the
retardant coating was Eudragit® RS, Eudragit® RL 90:10 {(12% w/vw
coating). The formulas for Examples 1l and 12 are set forth in

Tables 11 and 12, respectively, below:

TABLE 11
Hydromorphone HC)L MD CR Eudragit® 8% Spheres

Inqredients Percent {by wkt) Amt/Unit (mea) .
Hydromorphone beads 84.2% 84.2

Eudraglt® RS 30D {90%) 6.07% 6.07

Eudragit® RL 300 {(10%) 0.67% 0.67

TEC {20% of RS & RL) 1.35% 1.35

Talc (40% of RS & RL) 2.70% 2.70

Purifisd water qs

opadry Lt Pink Y-5-1442 5.,0% 5.9

99.99% 99.99



ot her than preventing the spheroids (particularly the Eudragit[err] 22
coated spheroids) from agglonerating at accel erated conditions, the

term nal HPMC overcoat did not stabilize the products of Exanples 5 and 6.
On the basis of these results, however, it was hypothesized that, despite
the fact that the dissolution changed under accel erated conditions, the
cured endpoint could be reached at eifgher dry or moist conditions at 37 C.
Exanples 7-9 Optim zing Curing and I ngredients of Retardant Coating The
results obtained from Exanples 2-7 indicated that the dissolution of the

beads overcoated with a retardant copisrpgigeened to sl ow down to a point
and no further. Fbmﬂﬁﬁnoidwnénﬁtpblw cellssmaatxtbrvs!%aém@\ﬁéd were too sl ow.
Since the RApdEeais ne|nt d fromthe

w#
[

envi r onnent 379% ed 1 g*exposurg ﬁo accel erated conditions
(e.g., 37 [Eg;drrg d gd; fd{g Eff@Cdngf furtRep "curing" the retardant

| ayer. Additgconabs texsks wenm theref ane conductzed2t o det ermi ne procéssing
condi ti ons aeeIEM%U ofuRBng Rnuf aclA2¥ to curé-Phe product to its endpoint

di ssol uti on" 16%@%“@ %)tﬁl g a foyywlation ffving a nore suitable
di ssol ut i orPREdF her' 2t ha uce t ating to less than 5%

wei ght gai n, the m)re soI uble Eudragit[err] RL (rret hacrylic ester 1: 20
guat ernary annoﬁa@mqﬂ SupuPlesmdoi ncludkade Auxetk oncpapatahinebdraysniExanpl es

7-9, the hydfgm{:phye e f%‘?,-a@éo Ra5RaLk ?Eie:p %%ug&glicatxon of the Eudtagit’

Controlled Release Coating and the HPMQ $% overcoating.
Dissolution stuéies were then conducted on Examples 10 -~ 12,.

. Initial dissolution prolees (after curing) of Example 10
showed lt to resemble’ Example 8 {the products of both Examples
were overcoated with a 5% w/w: Eudragit® coating). After curing
for 2 days, samples of Example 10 were subjected to further tests
at room temperature, and under accelerated conditions of .
37°C/80%RK, 37°C dry and S0°C dry. Representative dissolution

profiles for Example 10 (mean results for three samples) are set

forth in Table 13 below:

TABLE_ 313

Hydromorphone HCL CR 8 mg Budragit® 5% cCapsules

Percant Hydromorphohe RCl Dissolved -
um_ SHt(mg) L hr 2 br 4 hr & hr 12 hr 18 hr 24hr

2_days*

Mean 191.3 6.3 36.2 69.3 87.8 97.3 100.0

*initial dissolution after curing
RT ] .
1 mo,
Mean 191.1 6.0 30.8 63.1 83.4 91.8 96.3 97.9
37°C/80%RH

Mean 1%1.6 6.9 28.5 63.2 84.%5 91.5 95.6 97.8

-

1

Mean 194.3 11.4 35.6 70.7 90.5 96.8 100
°c

:

Mean 192.0 11.4 35.1 68.6 87.9 94.5 98.9 100
50°C Dry

1 mo.

Mean ' 191.4 11.1 41l.4 70.6 90.4 96.5 100

is £ xa e 1 2 da B
1 _day .
Mean 190.7 7.1 33,1 66.6 87.3 99.8% 97.9 99.¢
2 _pDavs .
Mean 180.7 7.4 35.0 67.0 87.4 9S.1 98.4 99.2



to Exanple 5. In Exanple 7, the retardant coating consisted of 100%
Eudragit[err] RL. In Exanple 8, the retardant coating consisted of 50%
Eudragit[err] RL and 50% Eudragit[err] RS. Finally, In Exanple 9, the
retardant coating consisted of 10% Eudragit[err] RL: Eudragit[err] 90% RS.
Each of Exanples 7-9 were coated to total weight gain of 5% 23 Each of
the HPMC-protected coatings -of Exanplgs 7-9 were cured to 1, 2, 6, 8, 12
and 21 days at 45[err] dry, at -which tinmes dissolution studies as set forth
in Exanple 2 were conducted. only Exanple 9 showed a desirable rel ease
profile, and cuidymh ms;mﬂmkeme;mfﬂmsmtyooneeamys Brasdidedt fOn St udi es of

the products of Exanples and e tfud Ll ease

product s, Et"l‘?é‘l’é?m’tﬂ'rt Ft“y"b‘é"%‘f tf‘%t%{‘r‘*&&xetﬁ’é‘e@rﬁgﬁ%e“?nghsu?%g%%n‘%x{o prevent

i medi at e 'L €aRk6n Wfrckher daydok i afring DO resaledlobthendll wgtbei nglayel eased
ou

after one ry, even after the fornulations were.cured. Exan‘gle 9 was
further testddgbyretawshantinddy SUaREr R dbec SR 155 ABEANALEPEVER® Aft er

e Yana yabgad iy RE MR B flo 81D b oIBLE, DI hybeRedtied (] BOYRH

oven, and N tests as s fih in Exanpl e 2 were conducted after
7 and 30 Jenex tBeppesmrtabt \mcadpssoloutwaﬁnalpwcofslthase famteEXzarq)klayg (mean
results for three sanples) are set forth in Table 8 bel ow. TABLE 8

Hydr onor ph®&"8c 8 ng MD CR Eudragit[err] 5% Beads curing

Per cent "'ydromircﬂgi?”&xﬂiqi £old SN YL athl®s of BVhELPID 11 wdre Hestéahr 4 hr
8 hr 12 Lﬁr dxiiol&tio;i'ggd then sanples of Example }1 were exposed to
accelerated ccndiﬁions of 37'C/80%RH for one month.
.Representative iﬁitial dissolutién profiles {(mean raesults for

three samples) for BEXample 11 are set forth in Table 14 below:

. TABLE 14
Hydromorphone HCl CR'8 mg Eudragit® 8% Capsules “
Percent Rydromorphone HCl Dissolved
Time WL h hr 8 8

2_days?*
1 Mean 201.3 0.8 3.3 40.0 78.4 90.7 97-.5 899.9
*initial dissolution after curing
37°C/80%RH
l n!o -
Mean 7.3 8.6 34.1 72.8 85.5 93.2 -97.2

As can be seen from the dissolution results provided above
’ for Exanple 11, khe results obtained after 2 day curing are
substantially similar to the results obtained under accélerated
storé%e conditions of 37°C/80%RH, thus indicating the stability
of Example 11 after ; 2 day curing. Furthermore, the dissolution
results obtained with Example 11 showed slower releage rates of

;

hydromorphone, as would bs expected given the thicker retardant
coating.

After curing for 2 days, samples of Example 12 were tested
for dissolution, and then samples of Example 12 were subjected to
further tests after storing for one month at room temperature,

and under acceleratad conditions of 37°C/80%RH, 37°C dry and 50°C



Initial

Mean 191 16.6 53.1 69.3
day Mean 190. 7 7.1 33.1 66.6 87.
Mean 190. 7 7.4 35.0 67.0 87.4

8 cont'd Hydronor phone HC

86.7 95.6 99. 3 100.0 1
3 99.5 97.9 99.0 2 days
95.1 98.4 99. 2 24 TABLE

.8 nmg MD CR Eudragit[err] 5% Beads curing

Per cent Hydronor phone HC Dissol ved Tine W (ng) 1 hr 2 hr 4 hr 8
hr 12 hr 18 hr 24hr 7 -days Mears 190. 7 8.0 36.3 67.7 86.6
93.3 96.8 98.4 10 days Meah 191.3 7.2 36.5 68.9 88.5

94. 8 98.0 99.5 21 days Mean 191 6.9 .36.1 66.9 86.2

92.7 9948y. S9BhRedontityiveMebdsolutidf®files (Me88 BdswOtsGEoR thi82. 7

90. 4 96. 3 96.7 Storage Ti me/ Conditions gO[eQ15/§g%RH 7 days Mean

190. 7 sgmplesis fpx Byample 13axe sg5 §orthgyn dlabligly PALofa, o™ \ean

190. 3 5.8 31.9 65.2 82.7 90.4 96.3 96.9 The results set

forth in Table 8 denonstrate that theagiemmgt h di ssol ution profile showed no
sl owdown as conpar 8ydtamoriphone HCl CR 8 mg Eudragit® 12% Capsules
Percent Hydromorphone HC)l Dissolved

i mo.
Mean 213.8

Time _Wti{mg) 1 hr 2 hr 4 hr 8 hr

12 hr 318 hr 24hxr

2 _days*

Mean 215.3 0.8 3.1 9.3 70.9
#initia)l dissoclution after curing

RT

i mo.

Mean 210.8

371°Cc/803RH

n

o 62.9

2.2 50.8
37:¢C Dry
lne. -
Mean 210.4

50°C _Dry .
1l mo.
Mean 207.3 -

0.8 2.2 $9.7

1.6 1.5 ‘3“3 * 51:5

As cah be seen from'the dissoluti

for Example 12, the dissolution result

90.4 100.8 104.8

84.3 96.1 99.8

74.3 87.3 93.3

82.2 96.3 100

76.2 50.9 97.4

on results provided above

s obtained with Example 12

showed slower release rates of hydromorphone as compared to the

thinner retardant coatings of Examples

10 and 11, as expected.

F

The overall results obtained after 2 day ocuring are substantially

similar to the results obtained under accelerated storage

conditions of 37°C/BO%RH, with the exception of the percent drug

dissolved at the 8 hour and 12 hour po

ints. Thase results might

indicate that at high loads of retardant coating, it way be

necessary to cure the coating for a longer period of time to

attain a stabilized formulation.

EXAMPLE 13

Mox ne sulft

In Exampls- 13, the curing step of

ed

the presant Ilnventlon was

applied to a formulation in which morphine sulfate was

substituted as the drug.



initial cured sanple, even for the sanples tested under accel erated
conditions. Thus, after curing for 24 hours at 45 C, the nethacryl ate
controlled release filmcoating was essentially stabilized. EXAMPLES 10 -
12 Optim zing Retardant Coating Thickness In Exanples 10 - 12, additional
experinmentation was conducted to determ ne the opti mum wei ght of

nmet hacryl ate pol ynmer to use for a deshrable release profile and to
determ ne reproducibility and effectiveness of the 48 hour curing step at
45[err] dry. Three batches were nmanufactured at different |evels of

nmet hacryl at e | 0ad sa8fef4H &1 ot merphihersdr@iy Mwempxtn(dpsanpt ecldrr
hydr onor phone beads were prepared in accordance with those of anple 3, as
set forth i H-TaiAas)ovpe| anplied omtoTARY 0 embdPRTTEAOPRAISCE™ VD Bétds

I ngredi ent s c t at an Th{dNicknpd MY S ichone
HC beq dryer wIER g%rébﬁfj\éﬂa’?sf el s Pa 18/20 TPUTTU87. 80% 74

padry Lt Piankopadey?442vended. 3894~4729 HPHC BaBe(Chhldnopating PugRensdam 1442
4.99% 4

Chen fur t her B BEUS SR A ARSSFQSFiSe 10PE HERanD) BB el T BRANETS 40% the
retardant coatbhg.qgasds Eudragit[err] RS, Eudragit[err] RL 90:10 (5% w w
coating). The ‘after the overcoating process was completed, the morphine
sulfate beads were then overcoated with a retardant coating

nixture of Budragit® RS 30D and Eudragit® RL 360D aé a ratio of

90:10, RS to RL, at a 5% weight gain level. The application og'

this mixture of Budragit® RS 30D and Budragit® RL 300 along with

?alc (ihcluded as an-auti~tacking agent) and triethyl citrate
{plasticizer) was done at an, inlet tempe;ature of 35°C in a

Wurster Insert. .

Oonce the retardant overcoating was completea, the morphine
sulfate beads were given a final overcoating of Opadry® lavender
¥YS~1-4729 at a 5% weight gain lavel.

MAfter completion of the final filmecoating process, the
norphine sulfat; beads were cured on paper lined trays in a 45°C
dry oven for 2 days. After curing, the beads were filled into ‘
.gelatin capsules at a 30 wg morphine sulfate stfength. The fiqal'

formula is provided in Table 16 below:

ble 16
ocess te Ingredient Mg/Capsula
Drug Load Moxrphine Sulfate 30 mg
Nupariel PG 18/20 255 mg
Opadry® Clear Y-S5-709S 1S mg
First Overcoat Opadry? Lavender ¥YS—1-472% 15.8 mg
Retardant Overcoat Eudragit® R3S 30D 14.2 mg
Budragit® RL 30D 1.6 mng
Triethylcitrate 3.2 mg
Talc 6.3 mg
Final Ovarcoat Opadry® Lavender ¥S-1-4729 18.0 mg

Total: 359.1 mg



formula for
Hydr onor phone
Percent (by wt)

Exanple 10 is set forth in Table 10 bel ow. TABLE 10
HCO MD CR Eudragit[err]

5% Beads | ngredients

Ant/ Unit (ng) Hydronorphone beads

87.96%

84.2 ng Eudragit[err] RS 300 (90% 3.97% 3.8 ng Eudragitferr]
RL 30D (10% 0.42% + 0.4.ng TEC (20% of RS & RL) .

0. 88% 0.84ny Talc (40% of R RL) 1.75% 1. 68ny
Purified water . gs Opadry Lt Pink Y-5-1442 .
5.01% 4.8 100% 95. 72nmg Exanples 11 and 12 are prepared in

similar fashion bos&taRbe Q11 lty Btaapke Jeke then ohdictadt ogomid Nnd was

Eudragit[err] RS, Eudragit[err]

Rt 90:10 (8% w w coating). |In Exanple 12,

t he retar daneredtygti af E\N&B‘PEudriiagF't“fTertrh]e F@BDVEE‘@GPﬁb‘?'I@PeF‘I"T“ﬁLsgﬁP B (12% w w

The f or rruI

coating).
res pec?ra\?el Yy,

r
and 12, itQOn

eI OW.

TBLER deheied’s 208 SA0LA L Enalablurs 11

CR Eudragit[err]

8% Spher es | pgredrgnister one montReaixﬁrEratftébytw montieit / The tres@iys are

Hydr onmor phone beads

84.2 Eudragit[err] RS 300 (90%

6.07% sep ferthuih &@Pi‘fe‘r’ Pekt"3oo (10% 0. 67%. 0.67 TEC
(20% of RS & RL) 1. 35% T alc (40% of RS & RL)
2. 70% 2. 70 Puéighied seiifate CR 30 mg Eudragit® 5% Capsulesqs Opadry Lt
Pi nk Y-5-1442 5. 0% Percent Hosp@ir% 59dfpte 919991'@9
j 1 hr 2hr 4N X x
2 days*
Mean 0.0 43,5 74.9 -~ 91,8 85,3 99.8 100
*initial dissolution after curing
m .
1l mo. .
Mean 0.0 36.9 73.8 86.9 92.2 96.5 9$9.% 100
2 Mo,
Mean 2.0 17 72 . 82 88 92 36 99
“31:C H 2
A me. .
Hean 0.0 28.4 70.3 84.8 92.1 97,7 100
2. mo, * .
Mean 1.9 30.) 68.4 79.9 87.0 93,5 95.6 97.8
37°C Pry
l EOI
Mean 0.0 32.0 72.5 86.0 93.2 97.3 100
2 mo.
Mean 0.9 26.4 67.5 78.8 8B.6 94.0 98.0 99.5
50°C Dry
1 mo.
Mean 0.0 37.7 74.1 89.3 93.7 98.5 100
2 mo. . -
Mean 2,0 33.0 74 85 94 98 100

The results set forth in Table 17 demonstrate that the

curing process stabilized the dissolution profile of the morphine

sulfate to an endpoint dissolution rate which substantially

remained constant, even for the samples stored undar accelerated

conditions.,

The examples provided above are not meant to be exclusiva.

Many other variations of

the present invention would be obvious

to those skilled in the art, and are cbntemplated to bae within

the scope of the apponded claims. |



26 Hydromor phone HO MD CR Eudragit[err] 12% spheres Ingredients .- .-
Percent (by wt) Ant/Unit (ng). Hydronorphone beads 79. 69%

84.2 Eudragit RS 30D (90% 8.61% 9.1 Eu m“““m_“\mD
(10% 0. 95% 1.0 TEC (20% of RS & RL) mmm K. 02
Tal ¢ (40% of RS & RL) 3.82% - 4.04 Purified*watert * °

gs Opadry 'Lt Pink Y-5-1442 -5 02% 5.3 100% 105. 66 Each of
Exanpl es 10 ZEATRI8eCLAINEDA8an paper 14 ned trays in a 45[err] oven for two
days after the application of the Eudragit[err] Controll ed Rel ease Coating
and the HPMC 5% overcoating. Dissolution studies were then conducted on
Exanpl es 10 - 12a.l ni &imdehdids sof wWhtainprngfd |seabibfiet controiledote @l e 10
showed it to resenbl e Exanple 9 (the products of both Exanples were

over coat ed \FmRuEabiely SPRREIELRGId [SAPFFrate AoRhES. VAt @B 3BIRNg for 2

days, sanpl eéisro?jc?r%gg}r)&gc%gla\g?g?jé%L{%}&gg&gg éé}npf,:?jg%%er tests at room

tenperature, a Itions o err]/80%H, 37[err] dry

and 50[err] dry. Reprpsepdsiingyen digifeahst dbspgrsibnl 8 & plabkieided 10 (nean
results for three sag&l{es) are set forth in Table 13 bel ow. TABLE 13,
Hydr onor phonee¥¥dic peRy®e¥y Eudragit[err] 5% Capsul es Percent

ydromor phone Ol DF s3olueds.l] WPsotd Mberbe copblasdy if 877 12 hr 18
therapeutically active agent,

ovarcoating said substrate with a sufficient amount ;f
said aqueous dispersion of plasticized acrylic polymer to obtain
a predetermined c.t;ntrclled release of said therapeutically active .
agent when sald coated substrate is exposed to aqueous solutions,
and °

-

curing said coated substrate by subjecting said coated
subs;rate to a temperature greater than the glaas transigion
temperature of the aqueous dispersion of plasticized acrylic
palymer and continuing the curing until an endpoint is reached at
which said substrate attains a dissolution profile which is
substantially unaffected by exposure to storage conditionsg of

elevated temperature and/or humidity.

2. The method of claim 1, further comprising determining
the endpoint for the formulation by exposing the formulation
which is uncured or substantfally uncured to stressed storage
conditions and obtaining dissolution profiles for the formulation
until the dissolution profiles of the formulation are

substantially stabilized.

3. The method of claim 2, further conprising modifying the
formulation to obtain a desired .diss.oiutic'm profile of said

therapeutically active agent based on said end point.

This Sheet Has Been Reilaced
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Mean 191.3 6.3 36.2 69.3 87.8 97.3 100.0 *initial |

after curing RT 1 no. Mean 191.1 6.0 30.8 63.1 Bmﬂ “ 1iﬂﬂ

97.9 37[err]/80%H Mean 191.6 6.9 28.5 63.2 84.

97.8 2 no. Mean 194.3 11.4 35.6 70.7 90.5 96.8 [err] EXy
Mean 192.0 11.4 35.1 68.6 87.9 94.5 98.9 100 50[err] Dry 1 no.
Mean 191.4 11.1 41.4 70.6 90.4 3, 96.5 100 conparison to Exanple 9 (1
day and 2 day dissolrbeieaticdlodayraiban; ©&hér cahpkis38g lpreGB@réng 87. 3

99.5 97.9 35.0, 67.0 87.4 95.1
98. 4 99 s3id S%t@t‘c’:D%X’T)é’rgée?\d“l']iu"dﬁffﬁ‘é“d’i ?%of?ﬂﬁié‘ﬁ Fakdi ts provided for

Exanpl e 10 the%émb;aw hssal u.%ém oREST il krhbe TABRA SR cMRES ARy t aken
after 1 day of curing, he results obtained after 2 day curing are

subst ant i alalcyegtarﬁlleabeBGSI rrendr pgepasingbani orad Bosageformaby] Bagdpdcari ngs

of Exanpl Therefore s h t he d that the product of Exanple.lo
was al so stséilSIféch?’lteﬂ“Bﬂgi‘éyaffcﬁP%/%g o33ted Feddintd% dapsufe.

5. The method of claim 1, further comprising preparing said
substrate for oral administration by incorporating said

therapeutically active agent into a tablet.

6. The method of claim 1, wherein said acrylic polymer
compprises one oismpre copolymers of acrylic and methacrylic
esters having a desired_content of quaternary ammonium groups.

7. The method .of claim 6, wherein said acrylic polymer is
prepared by mixing a first copolymer of acrylic and methacrylic
esters having a molar ratio of ammonium groups to (meth)acrylic
asters of about 1:20 with a second copolymer of acrylic and
wethacrylic esters having a molar ratio of ammonium groups to
(metl)acrylic esters of about 1:40, with a suitable plasticizing

agent.

8. The method of claim 1, wherein said coated substrate 15

cured for at least about 24 hours, until the endpoint is reached.

9. The method of claim 1, wherein said coated subztrate is

cured for a time period from about 24 to about 48 hours.

10. The method of claim 1 whearein salid coated substrate is

cured for about 48 hours.
mﬁﬁ
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After curing for 2 days, sanples of Exanple 11 were-tested-for—dissol ution,

and then sanples of Exanple 11 were exposed to acce 44 Qg1 of
37[err]/80%R for one nonth. Representative initia iﬁgﬂmﬁmm&' | es
(mean results for three sanples) for Exanple 11 are c le 14
bel ow. TABLE 14 Hydronorphone HCO CR 83yg Eudragit[err] 8% Capsules

Per cent Hydr onor phone HCO Di ssol ve W -1hr 2 hr h 8 hr

12 hr 18 hr 24H* 2 Ty PeHedn® "20’% WL @e(gfqé spld &beﬁa?%i&ah% 7
97.5  99.9 Zididd %l;eq{'.s§é)|§étlle999@fftr%& Eﬂélm@?c&m&&ﬁe% 1 mo. Mean 7.3

8.6 34.2 72.8 85.5 93.2 97.2 As can be seen fromthe dissolution
resul ts provadethisferanésr a@aé@mﬁ;lantthmﬂ@@mht@rmbsanmd after 2 day
curing are substantl | 1y, ar. to the results o ed under el erat ed
ctor age condPEFUE ok esV 1 EHTR, Bhbisenatics. | IMHiCaPE P IR TaARaseFost.

Exanpl e 11 akhef- @s%idayawdsngexp&wrtaa&gpr;ﬁmit-hstma%s.ehption results
obtai ned with Exanple 11 showed sl ower rel ease rates of hydronorphone, as

woul d be expedtitFRASFERLIERe *t‘m“e%e?: rdé-t’afﬁﬁa?ﬁ: @@&ﬂ-ﬁh‘.@°tﬂﬂ§§‘f5%rl ng for 2
days, sanple 2 el t| nd, t hen sanpl es
of Exanple 1§r§%ﬁg§§g%#§§& Ef%sgt°9 38% Q?Pﬁ'gkiﬁ'one nont h

at roogw terrpghatmﬁarrmddum,emy@ﬁeeiﬁ abeglcﬁmptmep%x&fmsﬂ-ﬁiéﬂs%ow 37
err ry and 50[err
[ ] y nuco ytiJs, sedatives, decongestants, laxatives, antacids,

vitamins, and stimulants.,
- -

12. The  method of claim 1, wherein said therapeutically
active agent is selected from the group consisting of
hydromorphone, oxycddone, dihydrocodeine, codeine, P
dinydromorphine, morphine, buprenorphine, salts of any of the

foregoing, and mixtures of any of the foregoing.

13. The method of claim 1, wherein said therapeutically

active agent is theophylline.

- 14. The stabilized product prepared according toc the method
of claim 1. '

15. The stabilized product prepared according to the method

of claim 4.

16. The stabilized product prepared according to the method
of claim 5.

17. A stabilized controlled release solid dosage form
comprising a substrate comprising a ‘tﬁerabeutically active agent,

sald substrate overcoated with an aquecus dispersion of a

This Sheet Has Been R
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28 dry. Representative dissolution profiles (nean re Its for tﬁree

sanples) for Exanple 12 are set forth in Table 15 bel
Hydr omor phone HCI CR 8 ng Eudragit[err] 12% Capsul es M hone
HO Dissolved Time W(mg) 1 hr 2 hr 4 hr 8hr 12 hr 18 hr 52

days* Mean 215.3 0.8 3.1 9.3 340.9 90.4 100.8 104.8 *|n|t|al
di ssolution after curing 1 no. Mean 2108 0 - 1.8 4.6 62. 9
84.3 96. 1sﬂ2991814?4n§°rwﬁéﬁ1H§13m8r argl puredatg & tegpgraturggggeateys 3

50 3 100 saver the gither RRandlitytodideraled of e aquedls’ atepdilsbn 222

90.9  97.4 As thdnphessivGr el sipyiie FbHEMUtboNat Qedkt Sayduryv kdesbwimgve for
Exanpl e 12, the dissolution results obtained with Exangle 12 showed slower
rel ease rat s tholr S oRsAd sbstsabaradaisst hestabihnged degpisio

coati ngs of MI es Q,Q; q_a}% "ﬂﬁf‘%w@g& I%gr gg %egzglg (;Ie@gl ts obtai ned

after 2 day ‘curing are sta y sim resu t s "obt ai ned under
accel er at ed csdmna.genswlﬂ|dne038e®fta&§beat4n‘e8&9@}‘brvnItehatbe mwiaepteon of the
percent drug dissolved at the 8 hour and 12 hour points. These result.s

mi ght indi calt@&d&¥-at high | oads of retardant coating, it may be necessary
to cure the coating for a |onger period of tinme to

18. The stabilized controlled release solid dosage form of
claim 17, wherein said therapeutically active agent is overcoated
with said agqueous disperslon of plasticized acrylic polymer to a

weight gain level from about 5 to about 15 percent.

19. The stabilfzed controlled release solid dosage form of
claim. 17, wherein sald acrylic polymer coating is derived from at
least one copolymer of acrylic and methacrylic esters having a
desired content of quaternary ammonium groups. .

20. The stabilized controlled release solid dosage form of
claim 17, wherein sald acrylic polymer coating is derived from a
mixture of a first copolymer of acrylic and methacrylic esters
having S molar'raiio of ammonium groups to (metﬁ)acrylic estexrs
of about.1:20 and a second copolymer of acrylic and metﬁacrylic
esters having a molar ratio of ammonium groups to (meth)acrylic
eaters of about 1:40, the ratio of sald first copolymer to said

second copolymer being from about 10:90 to about 90:10.

21. The stabilized controlled release solld dosage form of

claim 17, wherein said substrate comprises an inert

pharmaceutically acceptable bead onto which said therapeutically
active agent is coated. )

This Sheet Has Been Rer
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attain a stabilized fornul ati on. EXAMPLE 13 Mor phi ne—-StH-ate Coated— Beads

In Exanple 13, the curing step of the present inventi
formul ati on in which norphine sulfate was substltute mﬂl@mm*nj !l
suspensi on of norphine sulfate and HPMC (Opadry[err] was

applied onto 18/ 20 nesh nupari el beads |n'a fluid bed dryer wwth a Wirster
i nsert at an inl et terrperature of 60[e . An Qpadry[err] Lavender

¥S 1-4729 HONG Basefl| Deaalingasiane 9@ VB ERC 0o PP do8dg 8T £8m dug
| oading as a pro ectlve coat at a H% weight gain. After the overcoating

process Was1GeAp:e! ederthe ampipkanetyswiff saadd bcaadsdmeceradw@naéweqmat ed with
a retardant coating m xture of Eudra it[err draglt[err] RL

30
30D at a rd@2Ge8f DG FOPSES tif AR 2 “a'f 5*’}’5%\)@‘? §8l ﬂr‘Tv &l 2% The
appl i cation, Qle L8 d@n&EUife@fregggéégiJs[eeﬁﬁLn %%r&@t@@%ﬁlﬁr gabklasr] RL

300 along with talc (included as an anti-tacking agent) and triethyl
citrate (plastiieteerdnadagidide at an inlet tenperature of 35 err] in a
Wirster Insert. once the retardant overcoating was conpl ete, the norphine
sul fate beads were given a final overcoating of Opadry[err] |avender

YS-1-4729 at a 3% Weh@hisrdBifidedd ebnt Al 1ia coP@dSY 1181 addiRyel ieBRh of
filncoating process, the norphine sulfate beads were cured on paper |ined

trays in a d5{iayay whichohas Pepn zugedsfomf: sine ponipd Lreom nbeds @éreofill ed

into gel ati nbce%pggl gurat. a 30 ng norphine sulfate strength The fi nal

24. The stabilized controlled release solid dosage form of

-

claim 17 which has been cured for about 48 hours.

25. The stabilized controlled release solid dosage form of
claim 17, wherein said substrate is compressed with or -without

additional inert ingredients into a tablet.

26. The stabilized controlled release solid dosage form of
clain 17, wherein said therapeutically active agent is selected
from the group consisting of antihistamines, analgesics,
anti~inf1ammato;y agents, gastro-intestinals, anti-emetics,
anti-epileptics, vasodilators, anti-tussive agents, eXpectaorants,
anti~asthmatics, anti-spasmodics, hormones, diuretics,
anti-hypotensives, bronchodilators, anti-inflammatory steroids,
antibiotics, antihemorrhoidals, hypnotiqs, psycheotropics,
antidiarrheals, mncolytics, sedatives, decongestants, laxatives,

antacids, vitamins, and stimulants.

27. The stabilized controlled release s0lid dosage form of

claim 17, vherein said therapeutically active agent is selected

from the group consisting of hydromorﬁhone, oxycodone,

dihydrocodeine, codeine, dihydromorphine, morphine, =~~~ = 7
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formula is provided in Table 16 bel ow. Table 16 Pr oces Step—-. )

I ngr edi ent My/ Capsul e Drug Load Iﬂi} w i ne

Sul fate 30 ng Nupariel PG 18/20 I’Bﬁfﬁ
Qpadry[err] Cear Y-5-7095 15 ng First Overcoat

Qpadry[err] Lavender YS-1-4729 15. Ret ar dant Over coat

Eudragrt[err] RS 30D ' 14.2 ng-Eudragit RL 30D

1.6 ny Tr,éwmypep;pggq;, salts of any of gpqgfﬁgeqqﬂng, and mixtures of any

6.3 ny Fln %%ergog% Opadry[err] Lavender YS-1-4729 18.0 ngy
Tot al : Oreq3 sl ution stabil i ty- studi es were then conducted on

t he product of Exarrpl e 13 after the above-nentioned curing step at storage
conditions of roomtenperature 37[err]/80%H, 37[err] dry, and 50[err] dry
after one rmnthzand B¢ ertabildizehidestrdhied gslitise sodidedodaget flofm dfabl e 17

bel ow. TABL hi ne, Sulfate CR 30 udr agj t err 5% Capsul es
Percent Mor ggl?'é?’ée’lﬂ §8% 'gtfr?Pﬁ’édgﬁylaﬁ%ve[zaﬂ? %r 6 hr 8 hr
12 hr 18 hehemlzndays* Mean 0.0 43.5 74.9 -- 91.8 95.3

99.8 100 *initial dissolution after curing RT Mean 0.0 36.9 73.8
86.9 92.2 96.S 99.9 100 '

29. A stabilized controlled release solid dosage form
comprising

a substrate comprising an inert pharmaceutically acceptablae
.bead onto which a therapeutically active agent is coated,

saiﬁ.éﬁbstrate overcoated with an aqueous dispersion of a
plasticized ammonio methacrylate copolymer derived from a mixture
of a first copolymer of aérylic and methacrylic esters having a
molar ratio of ammonium groups to (meth)acrylic esters of about »
1:20 and a second copolymer of acrylic and methacrylic esters
having a molar ratio of ammonium groups to (meth)acrylic egters
of about 1:40, the ratio of said first copolymer to said second
copolymer being from about 10:90 to about 90:10, said substrate
being coated to a weilght gain level from about 5 to about 15
percent and the coated substrate cured at a temperature greater
than the glass transition temperature of the agueous dispersion
of tﬁ? plasticized acrylic polymer for at least about 24 hours,
such that the coated substrate attains a stabilized dissolution
profile substantially unaffected by exposure to storage
conditions of elevated temperature and/or elavated relative

v

humidity.

30. The stabilized controlled release solid dosage form of

claim 29 which has been cured for a time period from about 24 to

about 48 hours.
This Sheet Has
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2 mo. Mean 2.0 37 72 82 88 g6 —99-37-ferr]

/80%H 1 no. Mean 00 28.4 703 848 921 Mean
1.9 30.1 68.4 79.9 87.0 93.5 956  97.8 37{”’@”@&? @ﬂgm an

0.0 32.0 72.5 86.0 93.2 97.3 100 2 no. Mean

78.8 88.6 94.0 98.0 99.5 50[err] Dry 1 no. Mean 37 7 74 1
89.3 93.7 98.5 100 2 no. Mean gp 33.0 74 98
100 The results 3%t HMEthtawﬁImabBecdﬁtnfé dst¢kﬁa@ethe&1d:hescq#|QQJMpP§cess

stabilized the, dissoluytio rofile of the ne.sulfate to an endpoi nt
di ssol uti on PR %Whi% ck‘ gg%) amerafiyed SR8 %g?i&'coﬁsf‘gﬂ’f even for the

sanpl es stored under accel erated conditions. The exanples provi ded above
are not neant to ‘e exclusive. Many other variations of the present

i nvention woul d B2. oRheogabbl idedsconkidiled reledae aplld &ogage cform of
cont errpl at Ed tQ b§9WIﬁghherrélgxhseafdc%Bgstratteh%saggegge%%e 9{{];5 or wiéxout

additional inert ingredients into a tablet.

33. The stabilized controlled release solid dosage form of
claim 29, wherein said therapeutically active agent i{s selected
from the group consisting of hydromorphone, oxycodone,

. dihydrocodeine, codeine, dihydromorphine, morphine,

buprenbrpﬁlne} and salts of any of the foregoing.

34. The stabilized controlled release solid dosage form of
clai£ 29, wherein a plurality of said coated, cured beads are
placed in a capsule in an amount sufficient to provide an
effective controlled releagse dose when contacted by an aqﬁeous

» .l
solution. }

35. The stabilized controlled release solid dosage form of
claim 29, wherein said therapeutically active agent is selected
from the group c&nsistinq of antihistamines, analgesics,
anti-inflammatory agents, gastro-intestinals, anti-emetics,
anti-epileptics, vasodilators, anti-tussive agents, expectorants,
anti-asthmatics, anti-spasmodics, hormones, diuretics,
anti~-hypotensives, bronchodilators, anti-inflammatory steroids,
antibiotics, antihemorrhoidals, hypnotics, psychotropics,
antidiaxrheals, mucolytics, sedativeé, decongestants, laxatives,

antacids, vitamins, and stimulants.
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THE CLAIM DEFINING THE | NVENTI ON ARE AS FOLLOWS: 1. 7A-—nethad for
obtaining a stabilized controlled rel ease fornulatl ising a =
substrate coated with an aqueous di spersion of a pl ’@W #W

pol ymer for 5 rel ease of a dose of therapeutit Lﬂﬂnt in
the gastrointesinal tract, conprisihg: @reparlng a SO|Id sfibstrat e
conpri si ng a therapeutlcally active agent; overcoating said substrate
with a sufflC|en?ﬁandWWtSI@bilxﬂﬁdpFasﬁTQﬂkaédfahﬁﬁﬁ090du§pﬂ93ﬂ96nfEﬁ%s?%t|ng
essentially ate el are

copol yneri za?ol?’“ ?9 acr yelménan%l1 WSE\ tlcaé(i?eagt Vs, Fﬁg a srow cont ent

of quat er namkopRPIDIHdIM groups, sald copolynerlzates of acrylic and

met hacrylic aC|d esters 15 having a perneability which is unaffected by
the pH conditions prevalllng in the gastrointestinal tract, in an amount °

ffi t to obt term troll d f
sai d herapeut | cdity BAYREThERR SaLie; RerGERAES, F SLERRe abbed dhuione of
curing sai d ¢6Rati8dng SaIksins8t8te RomptuBiRgtd %ex&ﬁe&matwda&m Eé&ﬁtt 0 a

tenperature greater than the glass transition enperature
aqueous d|s*ﬁ#&n&yhstzﬁtqﬂqxsrpeﬁt&ﬁjwz&bryl¢Qﬂﬁ§9ﬂ}ﬁérr¢lﬁasatcbiﬁ&ng about 24

h d cont th dppi_nt d at 25 which
ot CuperPate Bobh at oSt Ml 2Rt SARE W ya i R etnt e ol

bei ng deter %m&»lsegp@@dis}mw%mﬁeguséém d%em,@ed ¥y wﬂéffa@hﬁt ion

i mredi ately after curing to "the disslution profile of thé for ation
after exposutmﬂera&uceldv@taaaheouthss amsnsitinre teppbbatiire30f thetenperature
of 37[err] and at, g rglatlv |t of 80%
plastxcxze ammon leate copolymer for a time period
necessary to obtain a final product which exhibits an in vitro
release of said therapeutically active agent which is
substantially unaffected by exposure to storage conditions of

slevated temperature and/or elevated relative humidity.

i} This Sheet Has Been Re)
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2. The nmethod of <claim 1, further conprisihd:ﬁééii¥tﬁg:Lhe:::;

formulation to obtain a deS|red di ssolution profile of said - _
therapeutically active agent based on 32 3 The method!‘,;of “Elaim 1,
further conprising preparing said substrate for oral “admi ni stration
by coating said therapeutically actlvgeg agent onto the surface of
pharnaceutical |y aSTABTANIZED KONIROLLEY RELEASH 1R Oral  dosage
form by placing a sufficiEaNIMEAtRYNIO! PELYRER COGAF: ea S into a capsule.
4. The nethod of <claim 1 further _conprisin reparing said
substrate for oral adm ni s@%—%&#ﬁ&%ﬁg sai d

therapeutical l'y ﬂcgié&ﬁlﬁg@@t s&lrltdocgn'LPolletdaQLfLaaes dogaJ@%o@ﬁ\t ﬂ%nd)f claim
1, wherein said acrylic polyner is prepared by mixing a first

copol yner  ofoagéng| dexivadd fm hawcquneowestdaussehawmgafaamqrymat pol yofer

anmoni um gr QuUps acr esters of a ou Q 15 wth a second
copol ymer of* a@P&f‘f‘én%%’(Q CVI"lgc cEInstEa ﬁv ey %"Hﬁl%lr rati o of '
ammoni um gr qy.@&abeuémt h}Faaeylw VAthehs RuedlBBUiispatBiolidd thesui table
plasticizing agent. he met hod of claim 1, wherein said coated

substrate i spl(amtééluﬁ acryil e melmmd an®mtulnoaur2db tthe26categbeubstatizour s.
7. The nethod, of claim wherein. said ied substrate is cured for

about 48 hout's? §emPeFREuTe by thaoglasﬁtﬁamsxt on tegparatyre of the

plasticized acrylic polymer, until the coated dosage form attains

a stabilized dissolution profile substantially unaffected by
exposure to storage conditions of elevated temperature and/or

elevated-relative humidity.



SELOP RN IVARAR L WA ARaia AN

_ &e5| cs,% non-steroidal
agents gas 0- |nte tinals, hntl- enetics,

vasodi lFat or s, anti -

4
aged ..... 4.7
therapeuti aI I y acti v§ agent S $el ected fromthe ?)SLY Ip?%n p?fgidsals:rgl ﬁéed 294

L

€

ubsi ve agepts,  expector cmgsAb“mCént rlf?‘é"s‘ghmal’t0 paged

hornmmg- - ahtl hypot £nsi ves, _bronchodi | ators,
antibioti cswrgﬁtgﬁ% h0| dal s, thpnot i (?§ psyqh@AT IGE RMEIP@' aﬂpl}?dq‘g

'
i

mucol yti s, rueeais |Tlnzx=‘¥i~ﬁ%ioaaﬁ‘ﬁﬁ%ﬁmxeﬁ>éﬁ$ RS A TG TidMs And

stinmul ants. aim wher el n sai d

t herapeutical |y adti vg; pgerhad Ser cebtainism thespbibizehsreptaglled

hydr onor phOﬂQel@é)ééo u 1 HRsH m&%mng:qﬁesmstﬂa@adéeaeéahmeh an

nor phi ne, grenor cﬂgﬂsalt 54 of anx cel forﬁﬂq_m ng and m tures
of any of t hBIFEPEGoi FLRPIHPLORNEE FeP 66““’6?3 ClYQRE,

said [er8] |tfel&heest id i dedepo dmempepamnqcquhmga tagézhe ig Iﬁatehod
of claim 1. %ﬁstr@@ﬁt E%li'xﬂalzf)ﬂ# todté_gm @{ d according to the nethod of

claim4. 15 A sta
for release of aP§6§ Eaga t her hp&odiighl | ysuestyatagentcamp IRy aa

substrate CogRekrabBRGL h@.&ﬂ%ﬁ Ialgyén%c.tlve agent, said . substrate

overcoated with an ag epus "di s consi stin essentijal | of a
overcoating a:. substrate with a sufficient amount

pl asti ci zed
.10 of plastici# zed aqueous dispersion consxstlng essentially

of ammonlo met jacrylate copolymers which are
copolymerlzgtes of acrylic and methacrylic esters having

a low co tent ofi quaternary ammonium groups, said

copolymerlz?tes of !acryllc and methacrylic acid esters

15 having a; éermeabzl&ty which is wunaffected by the pH
conditions Prevalllng in the gastrointestinal tract, in
an amountstff1c1ent to obtain a predetermined controlled
release oOf Sald dose of gaid therapeutically active agent
in the gact 01ntest1nal tract, and

20 curlng' said coated substrate by subjecting said
coated subs;rate to ja temperature greater than the glass
transition 'temperatiire of the aqueous dispersion of
plastici?éd‘acrylicgpolymer for at least about 24 hours
and conti%uing the during until an endpoint is reached at

25 which sald substrate provides a stable dissolution
proflle,-saLd_endpoint being determined by comparing the,
dissoluticn profile;of the formulation immediately after‘
curing to j:he dlssplutlon profile of the formulation
after expos re to accelerated conditions of one month at

30 a temperabu e of 37°C and at a relative humidity of 80%.

2, ThLé methoc of claim 1, further comprising
modifying tk!xe formulat:.on to obtain a desired dissolution
profile _of. rsald thérapeutlcally active agent baged on

said end p,o:z!nt

|
]
| .!
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20

copol ynmer of acriylic and nethacrylic acid esters havin efcont ent
of, quaternary amrgrlum groups and aperneahhgﬁgmmm@?%waeskuﬁgffected
by the. pH conditiond prevailing, in the dlgestlve tract, in an
armount sufficient tdjprovide a @ontrolled rel ease of 1. do of
t herapeutical |y actiivie ‘agent in,the gast@eintesﬂﬂﬁhl 3 B? d coated
substrate being curqd at a tenp rature greater than the glass transition
tenperature of th aqu@us:zé& r sbon ciairhe R astfkﬁclth%% AL POy e

for at | east _about

i medi ately
formul ation

-

SE

4 Bnabligcedt 338 ObcREgibee Ofhed

oint is at 30 whi.c

doat ed subst e«?iﬁ’dﬁ de%a%dstﬁiﬂ#’ﬁtﬁggggl g?Fon°5F‘61[ ?I%ém‘in%gltd'% 134

the

one HDAF% at

bei ng determqqatﬂgir059adlnghBMQpeusaahmﬁyonaqhmﬁaIeagéntheohubmnﬁheon
f

tler exposure t

a tenper &t ur @r@rpm[mrr]an aPrrht dpsegeat fermhipyt dplacdngsms suEficient

scabilized
t her apeuti cal actlv
divsper si on of plastlc
| evel from about 3~tb
rel ease sol

coating is 1 r@i%e“
met hacryl i ¢ iREP&P
(et h) agoyl i eablleer.

5.
polymer

fbf LEASE il dd winsane iy B o

agert 1s overcoated\MtiégaJd aqueous
zed annqnlo acrylic polynmer to a weight gain
iheutmEih@éwuﬁﬁ dkaimhel st aburthesd cawotipalilsdchg

onl slgbibdd. RSEel 8 el dadRiNLLERRLYIET

nd fron1 ure of a firs acr

The methob
is prepardd by mixing a first copolymer of

of claim 1, wherein said acrylic

acrylic End methacqyllc esters having a molaxr ratio of

ammonium
15 with a

having Zr

esters o?
|

6.
subsgtrate

groupa tOu {(meth}acrylic esters of about 1:20
cdnd copolYmer of acrylic and wethacrylic esters
molax ratlg of ammonium groupe to {meth)acrylic
about 1: 4q with a suitable plasticizing agent.

H :l

The method of claim 1, wherein said coated

ms cured.ior a time period from about 24 to
]

20

7.
_supstrate

8.

about 48  hours, )

:a
rhe method
is cured for about 48 hours.

;l
A

methed

of claim 1 wherein said coated

The of claim 1, wherein  said

therapeutlically actlwe agent is selected from the group

25

anti-inflhmmatory

emeticy,
agents,

diuretin,:

30

antldlarrkeaus,

laxatives,
¥

consistingl’

antlblotlca;

non-gteroidal
gastro-intestinals,

of antlhhstamlnes, analgesics,

dgents, anti-
vagodilators, anti-tussive

anti-agthmakics,

anti-epiléptics,
ampectoraﬁts, hormones,
ant14pypotenslves, bronchodilators,

antlhemorrh01dals, hypnotics, psychotropics,

muc?lytxcs, sedatives, decongestants,

vitamins ﬂhd stimulants.

>
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a__second copol yner @f acrylic and methacrylic esters having a nolar
rati o of ammoni um grq) ps to (meth)acrylic 15 es‘\‘ﬁfssis%& ré@auéméﬂmﬁ}eeﬁhe
rati,o of .said first ¢gpolynmer to said second copolyner Being from about
10: 90 t'o about 90:10:!17. The stabilized controlled rel2ase solid dosage
formof claim14, wherein said substrate npri sePae: 8

phar maceutical |y accqept abl e bead onto whi Said therapeutically active
agent is coated. ta c r ol el ease sQlki sage m of
claim17, wherei n]% pliur a ﬁsl t)t}hét%ﬁcg%l d Jéq(f)at e%ifg%ﬁr ed™*beads® rae%l‘g‘1 pl a;czé in

lpsactdyef jagenh ie splevted Lyom ef:hectgveup
: e dmenya%haebasnay CY ddrfe AN@ i ddidintd Ui d.
19. The stabiljzed T

r.ol dr Ie.ase solid ag formo Ialm 4 ‘whi ch
has been cur &F % ’abﬁﬂfphﬁﬁeto éo“

20. The5st abifl | ey C@lft rbhbedfas:eégra:kmgscdnd:i dﬁmgeeborafofanYalmf 14héhi ch
has been curgg)&jg ut 48 hours. -35- 21. The stabilized controll ed
age’

a capsule ithexapey
control |l ed ch;lr@ﬁ@—,

rel ease soli ormof clajm 14 wherein said substrate is conmpressed
with or wthout additional inert ingredients into a tablet 5

22. The stabilizgdideRer ol ks easge sol L, fdgsaoe, forqhg}elgll ai galdy

wherein said herkp lTltlca|| active ageent I S seléected from the group
consi sting wlapeulilall w.LJ.v:z adentl iy Lheuphylllae.

11.‘ The stabllhzed product prepared according to the
10 method o?E clalm 1.

12.: iThe stabili:-ized product prepared according to the
! v .
method of}claim 3.

13.@ The stabillized product prepared according to the

method o:f claim 4.

15 14.! ’A;' stabilized controlled release sgolid dosage
Eorm fori r%alease of a dose of a therapeutically active
agent co%nprfising a sf'ubstrate comprising a therapeutically
active a{gant, said !substrate overcoated with an agueous
dispersir}mf consisting egsentially of a plasticized

20 copolymeir oif acrylzd and methacrylic acid esters having a
low cor;tér'it of quat:ernary ammonium groups and a
pez:meablllty which iis wunaffected by the. pH conditions
prevallz.pg i in thel digestive tractk, in an amount
suff:nc:.expt to prova.de a controlled release of said dose

25 of therapeutlcally actlve agent in the gastrointestinal

tract, Sald coated subst:rate being cured at a temperature

greater tihan the glass transition temperature of the
aqueous ch'spers:.on of the plasticized acrylic polymer for
at least:lébout 24 hours until an endpoint is reached at

30 which thé doated substrate provides a sgtable dissolution
profile, ,sa:Ld endpoﬂlnt being determined by comparing the
dlssolutllon profile jof the formulation immediately after
curing t‘o ‘the dlssolutlon profile of the formulation

i .
L]
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ant| hi st am nes, anal ge5| Cs, : non-steroidal anti- inflanmatory
agents,. gastro-int es.tl nals, anti-enetics, 10 ThRii- tﬁ@lrbﬂ%?l §nt sheet -

vasodi | at ors, anti -tgu55| ve .agents, expectorants, ant iz ast hmat i cs,
hor'nones,” diuretics, .anti- hypotensives, br oncnodi | at oS,  anti bi ot | cs,
ant i hermr r hoi dal s, . hypnoti cs, psych% r opi cBataint ﬂmqgggs

mucol ytics, sedat | vefs decongest ant s, 115 | axatives, vitam ns and

stimul ants e n eIe e.solid dosa efor

claim 14, whergté sau ‘%#%pg‘at P 8%???}%@? ogééﬁtlons §(¥O 2Pl fra(tfm
the group canteBpPrEgtigte IRfdBONS.plagde at aoxyedadtd.we humidi iyt rafc BR% ne,
codei ne, 20 dihydrdanphlne mor phi ne, buprenorphlne salts of any of the

foregoi ng, and m xj uriels aof. the foregoin 24. The stabi|ized
control l ed rel easeig i ﬁgﬁ_o céé’ %t c° %? H('Ji‘i ToAEREEn St dosaye
t her apeut i cal f9racte @geam l§nt“h§§h9‘h| i preid 2$herapeut2’&a3Ayst abthiiveed

control | el reagaae iQ' ' dvedesagdl OLALHOMRRI I ngquaoussuairsbéigion of
conpri sing g rnaceutlcall acceptab beads onto, which

t her apeuti cal¥ ”5&??‘ g ag%ﬁ?“’f’%"coﬁ BYtigp Pelymer g gy §ub§’f’r‘§f’§ gain
overcoat ed wléveh ﬂ:t moabodits pe Esi abomans.sstplemgentessent ially of a

pl astici zed anmoni q jmet hacryl ate copol yner derived froma mxture of a
first copolymer of lic and,methacrylic esters. having a nolar ratio
of anmmoni um gr oupst§ d g?%%hﬁ&@b}llui@eést@rstmlled release solid dosage

form of .clalm 14, wperein said acrylic polymer coating is
10 derived 1'rom a mleure of a first copeolymer of acrylic
and met ccryllc ac1d esters having a molar ratio of
ammon ium gi‘oups to ,,(meLh) acrylic esters of about 1:20 and
a second ;copolymer of acrylic and wethacrylic esters
having é molar ratn,o of ammonium groups to {(meth)acrylic
15 esters c'>ﬁ -about 1: 40, the ratio of wsaid first copolymer
to said éecond copdlymer being from about 10;90 to about
% :
)

90:10. |
l .

17.! | The stabié.ized controlled release solid dosage

form of ch.aim 14, ' wherein said substrate comprises an

20 inert pharmaceutically acceptable bead onto which said

t '

therapeutic¢ally active agent is coated.
18.’ The stabiiized controlled release solid dosage
form of' cla:.m 17, :wherein a plurality of said coated,
cured beadis are placed in a capsule in an amount
25 eufficient; to provide an effective controlled release

dose when] contacted:by a gastric and intestinal fluid.
19.| | The stabilized controlled release solid dosage
form ofi clalm 14 which has been cured for a time period

from abouzt 24 to about 48 hours,

30 ;The stabllzzed controlled release solid dosage
form of lc;l.aa.rn 14 wh:.ch has been cured for about 48 hours.

P
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- 36- about 20 and; a second 'copolyner of acrylic and nethacrylic
esters having a nmolar ratio 'of anmmonium grou ¥hi Sheet
esters of about 1:40,. sald first and second copoﬁ@ﬁﬁgégggé§%g&ha
pernmeability which |§ 5 unaffected by the pH condi ti ons prevalllng

in the gastrointestinal. tract, the ratio gf said fj qngggy to said
second copol yner beingifron1about 10: 907t 3 a50ut 90 10 substrate
bei ng coated to a o] ai el 5.t0 about 15 nt _an

the amount of sa|d¥§ h£ %Lﬁ%} &ﬁfﬁﬁ%d$y9 %%pﬁ??ﬁﬁ?e G gﬁ?ﬁ?@lent
to provide afopredsi emllan-sd 1¢onttreptd gy saekieastdasmtatsalm t btemppesasvedal | y
active agentwsiR &pe wgeabLel Nhgglt88hal! Aghert ! Nengfoat e oS ubALLA! §
cured at a tepperature greater than the glass tFansition tenperature
of the 15 %@REBhs dj spersion of the plasticized acrylic polymer for at

| east about 24 hours, wntil an endpoint is reached at which said coated
substrat e. provi de St e,l rel eas al.d.therap active
agent vvhgsh ex ose}“[;i a'glgéel ert:%}:\igﬁrzgg ac%#;{%(lfo%glggssn 0#’oin hdo age
37[err] 20 8@%r@|1@t1|m/e1numw¢19e1126 safie thebapeutliceddyr oatbive

rel ease sol | bgiasage FO ML ol 25r Yl CelES BRRR U Bnbebtanl Mo

period from about ,624 it Q about 48 ,hours. hé stabilized contfolled
rel ease soh(PQE%%b§t251HQQﬂwn(ﬁaQﬁ¥S%$253mh|chnﬁﬁssﬁé§ﬂkﬁﬂ%xjfcﬂn550ut

48 hours. 28.ir#Earwhs fyzeag@w&tgrol |g%£éﬂz@i-§&ﬂ.fé§;qddisi038&9ti0éﬁé@ics?|alm

25, wherein s iq_su te Is cong 8 wth or thg"“” additional Inert

i ngr edi S i EFQ%. % ics, Lo} a ors, anti-tussive agents,
expectorph;s, anti-asthmatics, hormones, -diuretics, anti-
hypotensgives, broncnodilacors, anciblocics,
anfihemgrmhoidalé, hypnotics, psychotropics,

antidiarrhdals, m@?olytics, sedatives, decongestants,
15 laxativesi vitamins‘and stimulants.

23.: i{The stabilized controlled release solid dosage
form of: jclaim 14, i wherein said therapeutically active
agent is selected from ‘the group consisting of
hydromorphone, onycodone, dihydrocodeine, codeine,

20 dzhydromorphlne, morphlne, buprenorphine, salts of any of
the foreg%lng, and Tlxtures of any of the foregoing.

24 . 5The stabiiized controlled release solid dosage
form of, {claim 14, wherein said therapeutically active
agent isj?heophylli$e.

l .

| .
- 25 25., /A stabilized controlled release solid dosage

form com%Lﬂsing- ;

a : substrate f,comprlslng inert pharmaceutically
acceptablL beads onto which a therapeutically active
agent is coated;

30 sai@fsubstrate,qvercoated with an aqueous dispersion
consistih%_ essentially of a plasticized ammonio
methacryﬁéte copolymer derived from a mixture of a first
copqume?i;of acrylﬁc and methacrylic esters having a
molar erFo of ammoﬁ%um groups to, (meth)acrylic egters of

|
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30 29. The stabl |ized controlled rel ease solid dosage formof claim

25, V\/nerel n said therdpeut ically: active agent 1S selec from he
group consisting idf hydronorphone, oxycoddhis, is th%ll BF%%MW@Q
codei ne, di hydr onor phitne, norphi he bupr enophi ne, and safts of any - 37-

of” the f or egoi ng. 3% The stabl lized co:pgrol I eg gi}ﬁm dosage form
Gt e

of claim25, wherein pl urallty of sai d Toated, are placed in

a capsule in fiLiephcodRa prg?%gggmgg g&f egid J'(fongggl | ed
rel ease dose en conhacte y ap aqueous soO 31. he St
control | ed retdRacxylia deehges| o?ﬂYb‘Fgcl%u MOLAT ks e sa‘”l”&'“onl“'“

t1 gerapeut Ih caldnolss i ¥ a(@{@tm)a@qdm:t sbtedd OBE éb@}ltgﬂQQD e¥d sfinge  of
anti hi stanj nes, . iapa S} rqQ-intestinals

ant - opi | opt IV SRR | SRR ens, BRIy 8 abrpeabi Lk FREGR; oto

anti - ast smat n.maffec nmobys, uhiaur ggH csconditbons hypreendiitey, in the

b hodi | at h
pgsgﬁo?rgp?cgﬁ%ﬁﬁ%l arr?‘lea StE?EE' Fﬂglr%geaga aa‘\}é{| (?:Cgcon e%%ﬁﬁrper

| axati ves, vﬁt%n?%%d §OBG rﬁﬂaﬁmers?e% g;%, aboul d8n800] Qadab@wéase

sol i d dosage ges10; of gl @i BhBEtr%éerﬂggﬁbdaSEQr gpewl wedlght' gotn vg?aa:ent
Ll1ze el e

S satneoPIng .éﬁqtassurb%mtg AL R of Lot
10 ammonio methacrylalte copolymer being sufficient to
prov_:.de% . predetermined controlled release of said
therapeukically actéive agent in the gastrointestipal
tract, ‘t e coated’; substrate cured at a tewperature
greater§ han the glass trangition temperature of the

1s agueous H spersion of the plasticized acrylic polymer for
at 1east 3about 24 hburs, until an endpoint is reached at
which salid coated subatrate provides a stable in-vitro
release o% said therapeutlcally active agent when exposed

to accelejrated stor!age conditions of one month at 37°C

20 and 80% relative humidity.

-~

e

gThe stabn.lil:.zed ‘controlled release solid dosage
form of |cha1m 25 wh[xch has been cured for a time period
from abogt; 24 to abqut 48 hourag.
3 _-
J‘I‘he stab:LlL&zed controlled release solid dosage
25 form of ccialm 258 wh:.‘bh has been cured for about 48 hours,.
3
28, , The stabilfized controlled release solid dosage
form of éciaim 25, where:.n said substrate is compressed
with orf without addltlonal inert ingredients into a

tablet. i

30 29. E,I'he stabilized controlled release solid dosage
form of c::laim 25, 'wherein said therapeutically active
agent 15, selected from the group «consisting of
hydromorphfone , oxylcodone , dihydrocodeine, codeine,
dlhydromq phine, morﬁshine. buprenophine, and salts of any

1]
i
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eous di spersion consisting essentially of a
met hdcryl at e copol yner, ,sai d anmoni o
which is a copol yrrmg ff' acryl ic and
méthacrylic esters h V|ng a | ow content o4 quaterna 9 emanisg&ﬁups
being included in sa coatln% I n an anount sufficient to provide a
it h

control | ed relbeasge Okdsaizdind erapeuti cal | Dateac igv in the
gastrointestinal trac ,"gsélg armoni o et hacryl at 3 gﬁﬁ?@gﬁe havi ng .

perneability which | unaffected by the pH condition prevailing in
the gastrointesti ) §rites, staamdizeaamﬂxc&t&srerdatﬁebea@e ew1ad adosage

t t et t t
et ohge OO LOVGER s ekt bt RIS e nnbl
for a time pauwﬂne’e?séaryarc oplaiceda finnalka pmmxlammh @TOVi aweunk

stable sin-gigfPeien
when exposed i accel érat ed sto&age condi tions one nDnt at

80% rel ative dripgt qgntacte
formfor release of &ajdose of a ;herapeutlcally active 10 agent,
her.apeuti ca tive

ror ‘o
SR NG RS &1 s‘%hCerssPéﬁc’%?f‘h Rroitd Fiie) B2edt (Hontde
an aqueous diogprer Qf(b clagfo 251., whersinci sedd thpeutimlhxcra}d:ai'ee

derived from an
plast|C|zed anmoni D;
mef hacryl ate copol yne

active agent said subttrate overicoated with a controlled rel ease coating

err

agent ? ; select'g from the group <consisting of
10 antihistamines, analgesics, gastro-intestinals, anti-
emeticsi 'anti—epiieptics, vagodilators, anti-tussive
agents, f,expe.ct:organts , anti-agthmatics, hormones,
diuretiks( anti hypotensives, bronchodilators,
antibie ics, anchlhemorrh01dals, hypnotics,

15 psychotrp lCS, anqularrheals, mucolytlcs, sedatives,
decongestants, 1axatlves, vitamins, and stimulants.

: :

32.! iThe stabilized controlled release solid dosage
form of| ciaim 25, } wherein saild therapeutically active
agent 1sl.Heophylliée.

20 33.2 A stabili%ed solid controlled release dosage
form comprilsing a ubstrate comprising a therapeutically
active agc,n“t gaid substrate overcoated with a controlled
release antlng derlvad from an agqueous dispersion
conslstxh essentially of a plasticized ammonio

25 methacrylate copolymer, said ammonio methacrylate
copolymeél which 14 a copolymerizate of acrylic and
methacryl c egters hhav1ng a low content of quaternary
ammonium ;oups being included in said coating in an
amount sufficient td provide a controlled release of said

30 therapeutlcélly acqﬁve agent in the gastrointestinal
tract, said ammonﬂb methacrylate copolymer having a
permeability which 1s unaffected by the pH condition
prevailing in the gastro:.ntestinal tract, said coated
substrate jbeing curgd at a temperature above the glass

ﬁ‘ AMENDED SHEET

a

£e|l?<§-seprm‘ﬁfde a?:a' gf?ectibgra@&%hg ] &4 af%l&ﬁfégent
YI?Qeﬂqﬁﬁﬂ??oﬁ?éﬂt19ﬁrease sol i d dosage

of

-



e: copolynerizates of acrylic and 15 met hacrylic
ntent of quaternary ammonium groups in an anount
e_re! ease of '.said gjose of tbﬂh&ﬁ’f; f@l;ddénmlswget
testinal tract, said amonio nethacrylate
rmeabi l ity which is unaffected by 20 the pH
in the gastrotni®stinal trpate: §§ FE8CIBic
a tenperature greater _than _the, glass transjtion
ueo"tEn;‘p % on t hBepl aléjﬁ%‘l'-’z%g“%@r y13RAS ner

copol yners whi ch ar
esters having a | ow ¢g
sufficient to provid
agént in the gastroir
copol yner having a pée
conditions prevailind
pol ymer being cured at
t enper at ur e angitd

for at |east metiizag e ucspol merafoendroildasts Aienathepsshenras fod hat a
final produgts, 1s._._¢ ! A oyi reprodquci bl e, t.abiJ i zed
di ssol ution %tlﬁnréof Ple%t"toﬁ slglgﬁeggé%gi n $ é%’?%%ndgﬁ e ﬁf’ﬁgd %f/‘g(g%ﬁ%af‘f}hlgc}f he

tiee fopkabaei on inmwidizn el yrefieasecuriof to gkl

i d4EL OBBYL Fbi Yyt QP SedOro lR:ANE A e
h'gt a tenperatdre of 37[err] and at a relative
endations ofong Aanth gt (Y T edarfe BO%s Felaftite

to Caiml4, Caim25, Caim33 or Caim34
n-described with reference to the Exanples.

di ssol ution ErsMideshf
di ssol ut ison RIS
condi tions of one nont
hum dity of &8%rage g
dosage form dmeddiitg.
substantially as herei

34.:
form fdf
agent,
therapeﬂt

with

A stabilifzed controlled release solid dosage
release o% a dose of a therapeutically active
éomprisin% a subsgtrate compriging a
%éalry actliive agent, said substrate overcoated
controlled . of :
dispersion of ammonio
copolymeir which are copolymerizates of
methacryllic esters 'having a 1low content of quaternary
groups i% an amount sufficient to provide
'of . said do$e of therapeutically active agent in
the gaskrdintestinél tract, said ammonio methacrylate
copolyme;'r i}aving a! permeability which is unaffected by
the pH gconditionsi prevailing in the gastrointestinal
tract, dalid acrylic: polymer being cured at a temperature
greater (than the glass transition temperature of the
aqueous bﬁépetsion éf the plasticized acrylic polymer for
at leasﬁ about 24 héurs until an endpoint is reached such
that I is obtained which provides a

10

an
methacrylate

coating agueous

release
plasticized

a:

o) a’

acrylic and

15
ammonium

release g

20

25 a j [final pro?nct

reproduclible, dissolution profile, gaid

endpoint? being detérmined: by comparing the dissolution

staﬁilized

profile fdg- the forbulation immediately after curing to
the disspndtion profile of the formulation after exposure
rated con@itions of one month at a temperature
1&_at a reﬁativa humidity of 80%.

30 to accelid

of 37°C 2
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A stabll:.zed controlled release solid dogage
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form aqcord:.ng to lClalm 14, Claim 25, Claim 33 or Claim
34 subs antially | as herein described. with reference to
the Bxam?les. f

b




