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AQUEQUS bl SPERSI ON OF HYDROPHOBI C POLYMER BACKGROUND OF THE INVENTICN It is’
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rel ease of the drug.. An |rrportant aspect of all forms of controlled rel ease
dosage forms is related to the stghelbiy S SR e stability of a
pharmaceutical dosage formis rel Jo i mmtarning 1ts physical,
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administration of the dosage form than is ordinarily experienced

after the administration of an immediate release dosage form.
such extended periods of response provides for many inherent
therapeutic benefits that are not achieved with short acting,
immediate release products.

Controlled release formulations known in the art include
specially coated beads or pellets, coated tablets and ion
exchange resins, wherein the slow release of the active drug is
breaght about through selective breakdown of, or permeation
through, the coating of the preparation or through formulation
with a special matrix to affect the release of the drug.

An important aspect of all forms of controlled release
dosage forms is related to the stability of the same. The
stability of a pharmaceutical dosage form is related to
maintaining its physical, chemical, microkiological, therapeutic, -
pharmaceutical, and toxicological properties when stored, i.e.,
in a particular container and environment. 8Stability study .
requiremente are covered, e.g., in the Good Manufacturing
Practices (GMPs),. the U.S.P., as well as in New Drug Applications
(NDAs) and Investigational New Drug applications (INDs).
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Practices (Gws), the U.S.P., as well as in;New Drug. Applications (NDAs).
and | nvesti-gational New Drug Applications (INDs). 2 -.The 4. ngredi ents used
in sustained rel ease dosage fornul ati ons often present special problenms
with regard to their physical stability during storage. For exanple, waxes
whi ch have been used in such formul ations are known to undergo physi cal
alterations on prolonged standing, thus precautions are taken to stabilize
themat the time of manufacture or to @event the change from occurring.

Fats and waxy materi al yhen ed in pupifie tgtes are known to
crystallize in unst ab@emﬁﬁ’é‘?ﬁ@gﬁs‘f% th[fl"gg?%}egbfée\%?i aCTohs in
avai l ability rategoilafibns! 8idn biedent! spe@ial proslrddsToied redurdl 66 tonesr and

during later storage. It is known that certain strategies can be undertaken
to obtain stabil i PRFicahtataPLbityr dnpingesteraga atFio5nexamplem ¥pXes ¥hich bavh as

insuring that theyiddiuigya) a%&g&s%\ﬁgttﬁﬁﬂ %r&ﬂuﬁwﬁ?&bhgaéﬁb%ﬂ}%ic?he they

are incorporated inte the product, at processing does not change this
condi ti on, retar dakeprahionan oh ginidlphged ptamtingdi thagsapichicanbivmls awkdtékanc$o and

I nducing the stabilize them at the time of manufacture or to prevent the
change from occurriqq. Fats and waxy materials when used in |
purified states are Xnown to crystallize in unétable forns,
causing unpredictable variations in availability rates during
stability testing at the time of manufacture and during later
storage.

It is known that certain strategies can be undertaken to
obtain stabillzed controlled release formulations in many cases,
such as insuring that the individual ingredients are in a stable
form before they are incorporated into the product, and that
pro;essinq does nat change this condition, retarding the
instability by including.aaditional additives, and inducing the
individual) ingredients of the doszage form to reach a stable state
before the product is finally completed. ’

It is also recognized that the moisture content of the
product can also influence the stability of the product. Changes
in the porosity and/or hydration level of a polymeric film, such
as the ethyl celluloses, can alter the rate of water permeation
and drug availability. Also, binders such as acacia are known to
becoﬁe less soluble when exposed to moisture and heat. S8Such
problens have beeh handled by controls in the processing method
and proper packaging of the product.

Hydrophobic polymers such as certain cellulose derivatives,
zein, acrylic resins, waxes, higher aliphatic alcohols, and
polylactic and polyglycolic acids have been used in the prior art

to develop controlled release dosage forms. Methods of using

these polymers to deveiop controlled release dosage forms such as



I ndi vidual ingredients 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 porosity and/or. hydration |level of a polyneric film such as
the ethyl celluloses, can alter the.rate of water perneation and drug
availability. Al so, binders such as acacia are known to beconme |ess soluble
when exposed to noisture and heat. "Suchgd probl ens have been handl ed by

controls in the pEpiees) rmpm&odsmamma RRskAsliaRy wahaak e product.
Hydr ophobi c pol yners such as certain cell yl ose derivatives, zein, acrylic
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m crospheres are to oveycoat the §kV|duaI dosage units wth these

hydr ophobi ¢ pol ynElsPengion Q"k‘ﬁﬁm PIngenmosf Ph thePe RAYXReRs BRY® By U phobi ¢
coatings can be applubeti®y KRewatier) tifeyS ake/lus@ly applied by dissolving the

polymer in an organic solvent and spraying the solution onto the
individual drug forms (such as beads or tablets) and evaporating
off the solvent. |

Aqueous dispersions of hydrophobic polymers have bean used
in the prior art to coat pharmaceutical dosage formé for
aesthetic reasons such as f£ilm coating iablets or beads or for
taste~masking. However, these dogage forms are used for
immediate release administration of the active drug contained in
the.dosage fornm.

The use of organic solvents in the preparation of polymsr
coatings is considered problematic as the formulations have
inherent problems with regard to flammability, carcinegenicity,
and safety in general. 1In addition, the use of organic solvents
is disfavored due to environmental concerns.

Therafore, it is desirable to prepare a controlled release
formulation prepared from an aqueous dispersion of a hydrophoﬁic i
polymer. However, to date, attempts to prepare stable controllgd
release pharmaceutical formulations using aqueous dispersions of
hydrophobic polymers have been unsuccessful due to stability
problems. In particular, when coating these pharmaceutical forms
us;ng aqueous polymeric dispersions to obtain a ‘desired release
profile of the active drug(s) over several hours or longer, it is
'khdﬁ; in the art that the dissolution release profile changes_on
againg. It is also known that this instability problem does not
exist when the polymers are applied from organic solvent

solution.



suspension or dry. since nost of these polyners have a |l ow solubility in
wat er, they are usually applied by dissolving the polyner in.an organic

sol vent and spraying the solution onto the individual drug forms (such as
beads or tablets) and evaporating off the solvent. Aqueous dispersions of
hydr ophobi ¢ pal yners have been used in the prior art to coat pharnmaceuti cal
dosage forns for aesthetic reasons such as filmcoating tablets or beads or
for taste-masking. However, these dosagk fornms are used for inmediate

rel ease adm nistratiog of the active drug,_cqntajned in _the dogsage form The
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pol ymers have been unsuccess 0 sta |I|Fy 9 fn particular,
when coati ng t hesghepyiprapanolandaé HCdrvas oveerigiacore @ugaP Gewd® ioCa iexper si ons

to obtain a desi rféjadri.gcl;F aa%ﬁ coated with 10% ethyl cellulose applied from an
agqueous dispersion. A sacond sanple consisted of
) phenylpropanolamine spheronized with microcrystalliﬂe cellulose
in a 70:30 ratio, then coated with 15% ethyl calluloéé applied
from an aqﬁeous dispersion. Samples from each batch were stored
for up to four weeks under conditions of room temperature/ambient
humgdity: room temperature/high humidity (75% RH): 3;°C/amhient
humidity; and 37°C/high humidity. The data for the dissolution
profiles indicated that the lag time and percent drug released at
8 hours were unstable at all conditions other than room '

temperature/anbient humidity conditions.

®

Althouqﬁ the authors considered the pellets to be unaffected
by storage conditions, they concluded that the release mechanism
fronm the phenylpropanclamine HCl pellets overcoated with ethyl
cellulose-based £ilms appear to depend upon the pellet .
composition, and that under high relative humidity storage, the
rate of release may be effected, especially if the samples weré
stored at elevated tenmperature.

il Munday, et al., Drug Devel. and Indus. Phar., 17 (15)
2135~3143 (1991) report that £ilm coated theophylline
mini-tablets £ilm coated with ethyl cellulose with PEG (2:1), and
ethyl cellulose with Budragit L (2:1) proved to have impeded ’
dissolution upon storage under stress conditions, the degree of

slowdown of release being said to be directly proportional_to



profile of the active drug(s) over several hours or longer, it is known in
the art that the dissolution release profile changes on ageing. It is also
known that this instability problem does not exist when the polyners are
applied from otganic sol vent sol ution. 4 For exanple, Dressman, et al.,
Proceed. Intern. Synp. Control. Rel..Bioact. Mater., 18 (1991), pp.

654- 655, Controlled Rel ease Society, Inc. reported on tests conducted which
showed t hat phenyl propanol ani ne HC1L pel3ets coated with an et hyl

cel | ul ose-based tLhBALELNLYLPS ARL Cobct WLLAMSL A SLUNRE) AHRLEN,

hum dity conditions. In these ex erlnents, phenyl propanol’am ne
overlaid on sugamogaedssunuaiafﬂbl oadlng and coated with 10@6ethy|

cel lul ose applied from an ueous si on. A second sa consi sted of
pheny! pr opanol ani ne _sTrgﬁe?‘b f@a‘%"g‘r‘ff P?)'E?:lf}s%tl Fhe d@&Frq)ﬁ gs’éatien“é 70: 30
ratio, then coat edidddehwdd @t € ltne el as Snd i irate o0 Bb Bdbud it @3 ¥Busion

di spersion. Sanples fromeach batch were stored for up to four weeks ynder

condi tions of ro&h MMPENGAFFEFRHHPRRIYREFA T CPItingoratardnbe Rad LA OB ERS
hum dity (75% RHhat Qnlel £fdHYe s due to significant alterations in the

permeability of the polymer which cccurred duriné the
experinmental storage.

Aqueous polymeric dispersions have been used to produce
stable controlled release dosage forms, but this has only been
possible by other methods such as incorporation of the same into
the nmatrix of the &osage form, rather than via the use of a
coating of the aqueous polymeric dispersion to obtain retardant
properties.

It is therefore an object of the present inventien t§
provide a controlled release dosage form for oral administration
which comprises a coating of an aqueous dispersion of a
hydrophobic polymer which is substantially stable despite
exposure o elevated temperatures and/or elevated humidity levels
during storage. _

It is a further object of the present invention to providg a
controlled release dosage form prepared with an overcoat of an
aqueous dispersion of a hydrophobic polymer which is
substantially stable under stress conditions, including even
extended ﬁeriods of high temperature and high humidity.

These objects and others have been accomblished by the
present invention, which relates to a solid dosage form which has
a controlled release overcoat derived from an agueous dispersion

of a hydrophobic polymer which provides a substantially stable



hum dity; and [err]/high humdity. The data for the dissolution profiles
indicated that the lag tine and percent drug rel eased at 8 hours were
unstable at all conditions other than room tenperature/anbient humdity
condi tions. Although the authors considered tthe pellets to be unaffected by
storage conditions, they concluded that the rel ease nechanismfromthe
phanyl propanol am ne HCl pellets overcoated with ethyl cellul ose-based filns
appear to depend upon the-pellet conposétion, and that under high relative

huni dity storage,rdidgsé Paltn be! £AnRrigoatRea Al £64RH, 2GRS Yoh¥aideat NE
sanples were stored &t el evated tenperature. Minday, et  al., Drug Devel
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rel ease being said to _be difectl roportional to 5 tenperature, while
the effect of rel %’ﬁvﬁée‘ﬁl?ﬁi g?‘i’fsg?% CORIRIPRY QfoteRParAtuRm ARG humddity for

a certain amount of time, a desired endpoint may be attained
whereat the release rate of the therapeutically.active agent does
not substantially change upon ageing under a wide range of
temperature and/or humidity coﬁaitions. This surprising
discovery makes it possible to use aqueous dispersions of
hydrophobic polymers for coatiné pharmaceﬁtieal dosage forms to
produce stable controlled release pharmaceutical products.

- The present invention is algo related to a solid dosage form
comprising a core comprising a therapeutically active agent and
an overcoating derived from an agueous dispersion of
ethylcellulose in an amount sufficient to obtain a controlled:
release of the therapeutically active agent when the dosége form
ies exposed to aqueous solutions, e.g. gastric fluid. The solid
dosage form is cured after the overcoating is applied such that.
the release of the therapeutically active agent is subatantially
unaffected by exposure to elevated temperature and/or humidity.

The present invention is also related to a stabilizea =~ °
controlled release solid dosage form for oral administration,
conprising a plurality of inert pharmaceutically acceptable be;ds
coated with a'therapeutically active agent, and an ethylcellulose
overcoat of a suitable thickness to cbtain a controlled release
of said therapeutically active agent when the solid dosage form
is exposed to aqueous solutions, the ethylcellulose overcoat .
being derived from an aqueous dispersion of ethylcellulose with
an effective amount of a suitable plasticizing agent. The

| ethylcellglose coated beads are cured un§gr stress conditions,

i.e. at a temperature and relative humidity elevated to a



The aut hors concluded therein that the decreased rate of rel ease was due to
the slowng in the rate of nolecular diffusion of the drug across the

pol ymeric coating nmaterial, and suggested that the change was due to
significant alterations in the perneability-of the polymer which occurred
during the experinental storage. Aqueous pol yneric dispersions have been
used to produce stable controlled rel ea%e dosage fornms, but this has only
been possi bl e by other nmethods such as incorporation of the sane into the

matrix of the dogpaskOi&ey 3bHRS abhbi@ie Vidhali DarlaS 8o Getaid QakimManed t he
aqueous polyneric dispersion to obtain refardant properties. OBJECTS AND
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I S substanti al | xegpaddtardasaybe mopatuy.e to el evated tenperatures and/ or

el evated hum dity levels during storage. It is a further object ,of the -
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substantially stable under stress conditions, including even

agent overcoated with an aqueous dispersion of ethylcellulose and
cured at conditions of temperature and relative humidity greater
than ambient conditions until a stablligzed dissolution profile
substantially unaffected by exposuras to storage conditions of
elevated temperature and/or elevated relative humidity is
obtained. '

* The present invention is also related to a method for
obtaining a stabilized controlled release formulation comprising
a substrate coated with an aqueous dispersion of a hydrophobic
polymer, comprising preparing an aqueous dispersion of ’
ethylcellulose, preparing a substrate comprising a
therapeutically active agent, overcoating the substrate with a
sufficient amount of the aqueous dispersion of ethylcellulcse to
obtain a predetermined controlled release of the therapeutically °
active agent when the coated particles are exposed to aqueous
solutions, and curing the coated substrate under stressed : ’
conditions by subjecting said coated particles to greater than
amhient temperature and humidity and continuing the curing untii
an endpoint is reached at which the coated substrate attaine a
dissolution profile which is substantially unaffected by exposure
to storage conditions of elevated temperathre and/or humidity:

In a further embodiment, the method further includes the
step of determining the endpoint for a particular formulation by
exposing the formulation to various stages of the above-mentioned
curing and obtaining dissolution profiles for the formu}ation

until the dissolution profiles of the formulation are



ext ended periods of high tenperature and high humdity. These objects and
ot hers have been acconplished by the present invention, which réelates to a
solid dosage form which has a controlled rel ease overcoat derived from an
aqueous di spersion of a hydrophobic polymer which provides a substantially
stabl e 6 rel ease pattern of a therapeutically active agent(s) contained
therein. The present invention .further rgelates to the surprising discovery
that when the coated forrmulation is exposed to certain el evated or
"stressed" conditions of tenperature and humidity for a certain anount of

time, a desired SHBERENF2MY Bbébja"tiﬁa?neahm%“tiﬁé JecFhars @odifiedeofis he
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under a wi de range of tenperature and/or humdity conditions. N s

sur prisi ng di scorepyanpakéenlly pefiviebhgentobased omtdeuenddpeydrsi ons of

hydr ophobi ¢ pol yners for coating pharnmaceutical dosage forns to produce

stabl e controlled rel ease pharmaceutical products. The present inventron is

also related to a solid dosage for mpREAEADS DEACRIPTIONE CONpPri sing a

t herapeutically actl%g 398 q
thylce

lugose, which is a cellulose ether that is formed by
the reaction of ethyl chloride with alkaline cellulose, is
completely insoluble in water and gastrointestinal Juices, and
therefore to date has been considered not to be suitable by
itself for tablet coating. It has, however, been commonly used
in combination with hydroxypropyl methylcellulose and other
film-formers.to toughen or i{nfluence the diﬁsolution rate of the
1113. Due to the solubility characteristics of ethylocellulose,
this polymer has been mainly applied to the above-menticned
formulations from organic solutions.

Many polymers have been investigated for use in
film-coating. Most film-coats are prepared by deposition.of one
or more film-forming polymers resulting in coats that usually
represent no more than about 2-5% by weight of the final coated
product. The film-coating has been used in conjunction with the’
preparation of tablets, pills, capsules, granules, and powders.
The characteristics of the polymer used in the film-coating is
goverﬁed by the structure, size and properties of its .
matromolecules. Comnon film~-formers used in pharmaceuticals as
nonenteric materials include hydroxypropyl methylcellulese,
methyl hydroxyethylcellulose, hydroxypropylcellulose, sodium
ca:boxymethylcellulbse, ethylcellulose, and others. ’

“In order to cbtain a controlle&'félease formulation, it is
usually necessary to overcoat the substrate comprising the
therapeutically actiQe agent with a sufficient amount of the
aqueous dispersion of ethylcellulose to obtain a weight gain

lave) from about 5 to about 15 percent, although the overcoat may



an overcoating derived froman aqueous di spersion of ethylcellulose in an
anmount sufficient to obtain a controlled release of the therapeutically
active agent when the dosage formis exposed to aqueous sol utions, e.qg.
gastric fluid. The solid dosage formis cured after the overcoating is
applied such that the release of the therapeutically active agent is
substantially unaffected by exposure to el evated tenperature and/or

humi dity. The present invention is also9elated to a stabilized controlled

rel ease sol i d dogagesbor ef OrasREa!a RoHd MeShicH LAD preBBN SE-R1 Rl Weal ity
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of inert pharmaceutically acceptaﬁ‘e beads coat ed mntﬁag ?herapeutlcally
active agent, anthartheripsutit¢dldlyomtive ayeohtandf the sigpirddl geldasekrrt®s t o

obtain a control Led release o ai her apeutically active ent. when the
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over coat being dethpiedliulese adndathe dbnngld Bpeimioppoxatioh el € lsdheseowi th an
effective anount of a suitable plasticizing agent. The ethyl cell ul ose
coat ed beads are®¥¥8-under stress conditions, i.e. at a t enperature and
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conditions to attain a finished :
pursuant to the present invention will provide a disgolution rate
in vitro of the dosage form, when measured by the USP Paddle
Method at 100 rpm in 900 md aquecus buffer (pH between 1.6 and
' 7.2) at 37° ¢, is between 12.5 and 43.5% (by wt) therapeutically
active agent xeleased after 1 hour, between 25 and 55% (by wt)
released after 2 hours, between 45 and 75% (by wt) released after
4 h;urs and between 55 and 85% (by wt) released after 6 hours.
This example is, of course, not intended to be limiting in any
manner whatsoever.

The aqueous dispersions of hydrophobic polymers used as
coatings in the present invention may be used in conjuhction with
tablets, spheroids (or beads), microspheres, seeds, pellets,
jon-~exchange reesin beads, and other multi-particulate systems in

' order to obtain a desired controlled release of the
therapeutically active agent. Granules, spheroids, or pellets,
etc,, prepared in accordance with the present invention can bé
presented in a capsule or in any other suitable dosage form.

Because ethyloellulose has a relatively high glass
transition temperature and does not form flexible f£ilms under
normal coating conditions, it is necessary to plasticize the
ethylcellulose before using the same as a coating material.

One commercially-available aqueous dispersion of
ethylcellulose is Aquacoat® (FMC Corp., Philadelphia,

) Pennsylvania, U.S.A.). Aquacoat® is prepared by dissolving the
ethylcellulose in a water-immiscible organic solvent and then

emulsifying the same in water in the presence of a surfactant and



product which has a dissolution profile which is substantially unaffected &
by exposure to storage conditions of elevated tenperature and/or humdity. -
The present invention is further related to a stabilized solid controlled
dosage form conprising a therapeutically active agent overcoated w th san
aqueous di spersion of ethylcellulose and cured at conditions of tenperature
and relative hum dity greater than anbient conditions until a stabilized

di ssolution profile substantially unaffdcted by exposure to storage

condi tions of el gvaiadd{iREDerHitef chordgboizathay apegoreehtd isubnitaondi ty is
obt ai ned. The present invention is also related to a nethod for obtaining a
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the curing until that Aquacoat® will undergo a rise in viscosity upon prolonged
exposure to temperatures below 15°'C or above 35°C, and that
viecosity can be reduced to less than 100 cps by applying shear
(e.g., propeller type mixer). FMC further states that a
continuous £ilm may be formed through a process known as gradual
coalescence wherein the individual latex particles coalesce to
form a continuous film of plasticized ethylcellulosze polymer. -
After this period, the properties are sald to remain constant.
Higher coating temperatures, or a high temperature "ouring® step
is said by FMC to accelerate the process. If the coalescence
process is not complete, FMC states that variability in release
rates will result.

However, as will be demonstrated by the examples pro@ided
herein, it has been found that curing the f£film coating simply by
utilizing a higher coating temperature or a ﬁigh temperaturae
cu;ing step will not affectively stabilize the'dissolution
profile of the product upon_storing.

Another aqueous dispersion of ethylcellulosé is commercially
available as Surelease® (Colorcen, Inc., West Point,
Pennsylvania, U.5.A.). This prognct is prepared by incorporating
plasticizer into the dispersion during the manufacturing process.
A hot melt of a polymer, plasticizer (dibutyl sebacate), and
stabilizer (oleic acid) is prepared as a homogeneous mixture,
which is then diluted with an alkaline solut#on to obtain an

agqueous disbersion which can be applied directly onto substrates.



‘an endpoint is reached at which the coated substrate attains a dissolution
profile which is substantially unaffected by exposure to storage conditions
of elevated tenperature and/or humdity. In a further enbodi nent, the

met hod further includes the step of determ ning the endpoint for a
particular fornmul ation by exposing the fornulation to various stages of the
above-nenti oned curing and obtai ning dissolution profiles for the
formulation until the dissolution profiiles of the formnulation are 8
substantial |y stabi | iThedeoaThug fformilagiemwn of stie) presundi inveatiord shewdsbary,

to obtain a desired.disspolutio rofile of t t her apeut.i cal active ent
based on the endcf)%al'bﬁ‘te. °%Iffﬂ%‘l‘.%ﬂgi§éﬁ?’l’-gl’l Wr%"ﬁﬁ?%e({i?’ﬁl%?g, l%ﬁf“ﬁ‘ht’ﬁ Efwgg
cel lul ose ether ebedants é«papRél JFysigppreBRC biguenes Al ythahbesddg Wi th

al kaline cellulose, is conpletely insoluble in water and gastrointestinal
juices, and t her BASHEVES, MRPEERES: ieRtc OWe| BASKaEX9ot to be suitabl e by

itself for tablet coall 08 preketiad, RRBNE aquiliitNa SAIIRISY ogsed i n
conmbi nati on with hydroxypropyl mnethylcellulose and other filmforners to
t oughen or infl uéﬁgﬂqe%“kﬂﬂss'@ﬁm fwthegpxesent tinwention include an effective

amount of a suitable plasticlizing agent, as it has been found
that the use of a plasticizer will further improve the physical
properties of the £ilm. The plasticization of the ethylcellulose
may bhe accomplished either by so-called "internal plasticization®
and »*external plasticization."

Internal plasticizétion usually pértains directly to
molecular modifications of the polymer during its manufacture,
e.g., by copolymerization, such as altering and/or substituting
functional groups, controlling the number of side chalne, or
controlling the length of the polymer. 8uch techniques are
usually not performed by the formulator of the coating solution.

External plasticization involves the addition of a material
to a £ilm solution so that the requisite changes in film
properties of the dry film can be achieved.

The suitability of a plasticizer depends on its affinity or
solvating power for the polymer and its effectiveness at
interfering with polymer-polymer attachments. Such activity
imparts the desired flexibility by relieving molecular rigidity;
Generally, the amount of plastic;zer included in a coating -
solution is based on the concentration cof the film-former, e.q.,
most often from about 1 to about 50 percent by weight of the
film-former. Concentration of the plasticizer, however, can only
be properly determined afﬁer careful experimentation with the
particular coating solution and method of application.

An important parameter in the determination of a suitable

plasticizaf for a polymer is related to the glass transition



film Due to the solubility characteristics of ethylcellulose, this polyner
has been mainly applied to the above-nentioned fornul ations from organic
sol utions. Many pol ynmers *thave been investigated for use in filmcoating.
.Most filmcoats are prepared by deposition of- one or nore filmformng
polymers resul-ting ip coats that usyally represent no nore than about 2-5%
.by weight of the final coated product. The filmcoating has been used in
conjunction with the preparation of tahlzets, pills, capsules, granules, and

ey hed byt o CRRHSLASEL G of 15ePRINHEL, UIRH diled REabdielbfioa! 19 19

governed by the structure, e an rties of  1ts matronol ecul es.
‘Common fil mfor neespereatire nispralatedetd i thal serperaorentde tesparaterd xhsge Acl ude
hydr oxypr opyl nmethyl cellul ose, nethyl hydroxyethyl cell ul ose, .

hydr oxypr opyl cel I‘%%S%e‘fh%ﬁd’ﬁjﬁl E‘éﬂ‘déﬁ? ﬁw{*’a %It@ge?hy@?ﬁ% REPRSEE % °fand
others. In order the pdiyded. 2 1h88!dHANLE tcdes! MtS Ref VLA Thamdh ihistatelTbdl |y
necessary to overcoat the substrate conprisingﬂthe t herapeutically active

agent with a suf ffashenta Sharar 1BfthenBagrpmebeiiar sipbliiityn obithet PRAYEETI ul ose
to obtain a weight gajdydhelfd iy, OHABOLmeD LihiAbRUHL1Ify BT SRRLerAl t hOUGh
t he overcoat may :
restricted. Thus, for a given polymer, if its Tg is above room
temperature, the polymer will behave .ae a giass, baing hard,
non~pliable and rather brittle, properties which could be
1 somgyhat restrictive in film coating since the coated dosage form
may be subjected to a certain amount of external stress.
Incdfporation of suitable plasticizers into the polymer
matrix effectively reduces the Tg, so that under amﬁient -
conditions the films aré softer, more pliable and often stronger,
and thus better able to resist mechanical stress.
Other aspects of suitable plasticizers include the ability
of the plasticizer to act as a good "swelling agent® for ihe
ethylcellulose, and the insolubility of the plasticizer in water.
Examples of suitable plasticizers include water insoluble
! plasticizers such as dibutyl sebacate, diethyl phthalate,
triethyl citrate, tibutyl citrate, and triacetin, although it is
poshible that other water~insoluble plasticizers (such as : ‘
acetylated monoglycerides, phthalate esters, castor oil, etc.)
may be used. Triethyl citrate is an especially preferred _-
plasticizer for the aqueous dispersions of ethyl cellulose of”the
present invention.
The stabilized controlled releage formulations of the
present invention slowly release the therapeutically active
agent, e.g., when ingested and exposed to gastric flulds, and
D) then to intestinal fluids. The controlled release profile of the

formulations of the invention can be altered, for example, by

varying the amount of overccating with the aqueous dispersion of

-



" be limting in any mRRNer

"9 be |l esser -or greater dependi ng upon the physical properties of the
therapeutically active agent and the desired rel ease rate, the inclusion of
pl asticizer in the aqueous dispersion of ethylcellul ose and the nmanner of

i ncorporation of the sane, for exanple. An exanple of a suitable controlled
rel ease fornul-ationspursuant to the, present invention will provide a
dissolution rate in vitro of the dosage form when neasured by the USP
Paddl e Method at 100 rpmin 900 m aquedus buffer (pH between 1.6 and 7. 2)

at [err], is betvgg 91'.121[)1%1399 43 certn b%%lnéef}emnﬁ%ﬁ Gab dpﬁaaeiéi\éeragaent

rel eased after 1 ho et weeh 25 and 55% (by wt) rel ease fter 2 hoyrs,
bet ween 45 and 75%d(ebytwperMBe(ﬂi&P@@i°n %GFNN&HHBBQF%@N wEving B8%

(by wt) rel cased giigh & QuLscilll SoFAATR Fo lsiny A1 FOEE py1ghe | Nt ended to

€ aqueo spersflo

hydr ophobi ¢ pol ynifcusset oxsadxizi omgs 1nqr¢1lhenqmr esantkipienta iynahteribe used
in conjunction with tablets,  spheroids (or beads), m crospheres, seeds,

pel l ets, ion-exchdifyBeried gt actyuxr8: fer nulti-particul ate systems in

order to obtain a deshrﬂheCQEH&ly'@ﬂtﬁ@i&%ﬁ@iﬂu{r%ﬂ@@rﬁmﬂ &R Ide/uasd i ve
agent. Ganul es, spheroids, or pellets, etc., prepared in accordancé with
the present i nven@n(gqnégnpq@en with the present {nvention. The therapeutically
: active agents (e.g. pharmaceutical agents) which may be used in -
the compositions of the present invention inoclude both water ‘
) soluble and water-insoluble drugs. Examples of such
therapeutically active agents include antihistamines'(e.q.,
dimenhydrinate, diphenhydramine, chlorpheniramine and .
dexchlorpheniramine maleate), analgesice (e.g., aspirin, codeine,
morphine, dihydromorphone, oxycocdone, etec.), anti-inflammatory
agente (e.g., naproxyn, diclofenac, indomethacin, ibuprofen,
acetaminophen, aspirin, sulindac), gastro~-intestinals and
. anti-emetics (e.g., metoclopramide), anti-epileptics (e.g;,
phenytoin, meprobamate and nitrezepam), vasodilators (e.qg.,
nifedipine, papaverine, diltiazem and nicardirine), anti-tussive
agents and expectorants (e.g., codeine phosphate),
anti-asthmatics (e.g. theophylline), anti-spasmodics (e.g.
at;ﬁpine, scopolamine), hormones (e.g., insulin, leparin),
diuretics (e.g., seltacxymic acid, bendrofluazide), _
antl-hypotensives (e.g., propranolol, clonidine), bronchodilators
(e.g., albuterol), anti-inflammatory steroids (e.gq., ‘
hydrocortisone, triamcinolone, prednisone), antibiotics (e.q.,
tetradycline), antihemoxrrhoidals, hypnotics, psychotropics,
antidiarrheals, mucolytics, sedéttves, decongestante, laxatives,
- antacids, vitamins, stimulants (including appetite suppressants
such as phenflpropanolamine). The above list is not meant to be

exclusive.



presented in a capsule or in any other suitable dosage form Because
ethylcellul ose has a relatively high glass transition tenperature and does
not formflexible filnms under normal coating conditions, it is necessary to
pl asticize the ethylcellul ose before using the sane as a coating material.
One commerci al I'y-avai | abl e aqueous dispersion of ethylcellulose is
Aquacoat[err] (FMC Corp., Philadel phia, Pennsylvania, U S . A).

Aquacoat[err] S prepared by di ssolving ¥he ethylcellulose in a :
wat er =i mmi sci bl e or gangg c%QEé(ﬁPBr@fEi-rE@Pé&bS&&He%h:é)“tﬂg n@aPeiBed 1 y\ad@ivel N
t he presence of a surfactant and 10 a stabilizer. After honpgeni zation

to generate submi crehtdempréses hydxomorphanice @icedens. dihydeeredaing) under
vacuumto forma p&%r%qgé{anuh roxbﬁg]xﬁkgstnlo%ﬂ e,' §uﬂl%50¢diﬁ9£,p%f£se%f' £'nJ he

pseudol at ex during t turi hase to using the sa

as a coating, it icf tbechwagyingy amt mistusleg of mnyh@f bhma'oueac[iagr Jandi tire a
suitabl e plasticizgr prior to use. Wth respect to handling and storage
condi tions, FMC st § that Aquacoat[err] will undergo a rise in viscosity

upon prol onged exposur ghém the fyResis aEspdreion deeetylesl howe ikendda tand
that coat inert pharmaceutical bsads such as nu pariél 18/20 beads, a
plurality of the resultant stabilized solid controlled release
beaas nay thereafter be placed in a gelatin capsule in an amount
sufficient to provide an effective controlled releasa dose when
ingested and contacted by gastric fluid. In this embodiment, .
beads coaéed 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 example, nu
pariel 15/20 beads, using a Wurster insert., Optionally,
additional ingredients are also added prior to coating the beads
in order to assist the hydromoxphone binding to the beadé, and/ox
to color the solution, etc. For example, a product which
includes hydroxypropyl methylcellulose, etc. with or without
- colorant may be added to the solution and the solution mixed
{(e.g., for about 1 hour) prior to application of the same onto
the beads. The resultant coated substrate, in this example
beads, may then be optionally overcoated with a barrier agent: Fo
separate the therapeutically active agent from the ethylcellulose
coating. An example of a suitable barrier agent is one which
comprises hydroxypropyl methylcellulose. However, any
£ilm-former known in the art may be used. It is preferred that
the barriexr agent does not affect the dissolution rate of the
final product.,
The hydromorphone, HPMC protected (optional) beads may then
be. overcoated with an aqueous dispersion of ethylcellulose. The

aqueous dispersion of ethylcellulose preferably further includes



viscosity can be reduced' to | ess than 100 cps by applying shear (e.g.,
propeller type. mxer). FMC further states .that a continuous film my be
formed through a process known as gradual coal escence wherein the

i ndi vidual |atex particles coalesce to forma continuous film of

pl asti ci zed ethylcellulose polymer. After this period, the properties are
sald to remain constant. Hi gher. coati ngl3enperatures, or a high tenperature
"curing” step is said by FMC to accel erate the process. If the coal escence

process is not C%HP&Féﬁ%n{JVQa SLAI 67 ;;ﬂ;@heg%fa@ bi tofbfhyieboasger at es will

_result. However, as w strated he "éxanpl es provi ded herein,
It has been found’re-hatmomuedgaq&a@ué|dﬂspemitonag>fsam1yzebyulm'eel isachgsa hi gher

t t t h t t ff |
CUabi | 1ze he di SSRRAES, % SOFFIaReat - HE 18 BBy ponreiseengte Rttnet ©

aqueous dispersi ge fdt e;gbyggaeyl td gsgaga%eﬁpmrslpaumayﬁl abl e as
Surel ease[err] (Colorcon, Inc., \est Point, Pennsylvania US. A ). This

product is prepared LS Reaingr arlukiions 98 tihej Praseph iaveRtion; B’ffefreﬁ’ﬂﬁ’ during

the manufact uri NGoRERGES$n AalPlodTeb LR £ ARRbIER,  piale@Sdizal7 Snal( Sbivahy !
sebacate), and stabilizer (oleic acid) is prepared as a hoaneneous

mixture, which i $Yehem i put ddtexlt ha gelarint toroyida edeganseotnd produst
aqueous di sper si o} W G of 2N BE2ARRY i aBhdL Eh | theOBE Ut TER U BAES

therapeutically active agent instead, or in addition to the
aqueous dispersion of eth?lcellulose. For example, color be
added to Aquacoat® via the use of alcohol oflpropylene glycol
based color dispersions, milled aluminum lakes and opacifiers >
such as titanium dioxide by adding color with shear to water
soluble polymer solution and then using low shear to the
plasticized Aquacoat®. Alternatively, any suitable method of
providing color to the formulations of the present invention may
be used. -

The plasticized aqueous dispersion of ethylcellulocse may be
applied onto the substrate comprising the therapeutically active
agent by spraying using any suitable spray equipment known in the
art. A sufficient amount of the agqueous dispersion of
ethylcellulose to cbtain a predetermined controlled raelease of )
said therapeutically active agent when said coated substrate ﬁs-
exposed to aqueous solutions, e.g. gastric fluid, is preferably
applied, taking into account the physically characteristics of
the therapeutically active agent, the manner of incorporation of
the plasticigzer, etc, After coating with Aquacocat®, a further
overcoat of a film-former, such as bpadry', 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 cured in-order to obtain a

-

stabilized release rate of the therapeutically active agent.



The coating fornu
produci ng a stron
supporting pigmen
tack-free. It i-s
used in the prese
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its manufacture,
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| ati ons of the present invention should be capabl e of
g, continuous filmthat is snoboth and el egant, capabl e of
ts and other coating additives, non-toxic, inert, and

preferred that the aqueous di-spersion of ethylcellul ose
nt invention include an effective anbunt of a suitable

t, as it has heen found that the use of a plasticizer wll
he physical propertiesl@f the film The plasticization of
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e.g., by copolynerization, such as altering and/ or
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formul ator of the coating solution. External

vol v@det ¢hring ditep dpmngnant kot the presenta inventiomiigt i on so
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conditions® by subjecting said coate@ substrate to greater than
normal, ambient (i.e., room) temperature and relative humidity
and continuing the curing until an endpoint is reached at which
the coated beads attain a dissolution profile which is
substantially unaffected by further exposure to storége
conditions of elevated temperature and/or humidity. More
particularly, the coated substrates of the present invention
should be cured at a temperature greater than the glass
transition temperature of the coating solution (i.e.,
ethylcellulose) and at a greater than ambient humidity.

One possible mechanism for the change in the dissolﬁtion
prqsile of prior art products cured by the standard methods, i.e.
curing for 2 hours or more at 60°C dry heat, is that these
products continue to cure during storage, and may never reach a -
stabllized end-point at which the product provides a N
substantially constant dissolution profile. In contrast, the:
cured produots of the present invention provide a ielease rate of
the therapeutically active agent which ies substantially
unaffected during storage by elevations in temperature and
hunidity.

In preferred embodiments of the present invention, the
stabilized product is cobtained by sﬁbjeetlng the coated substrate
to oven curing at elevated temperature/humidity levels for the
ré&uired time period, the optimum values for temperature,
hupidity and time for the particula? formulation being deﬁermingd
experimentally. .



The suitability of a plasticizer depends on its affinity or solvating power
for the polymer and its effectiveness at interfering with polyner-pol yner
attachments. Such activity inparts the desired flexibility by relieving

nol ecul ar rigidity. Generally, the amount of plasticizer included in a
coating solution-is based on the concentration of the filmforner, e.g.,
nost often from about 1 to about 50 percent by weight of the filmforner.
Concentration of the plasticizer, however, can only be properly determ ned

after careful experingntatiqn with.the particular c N | ug,i on and
met hod of applicati oanE.;l RATY o??bé%fm%'gtrsa Et%’re ?%stsﬁga}d'gteg‘ﬁ?ﬁ%ﬁa n of a

sui tabl e pl asti cistepifizedapahytiels bbtainkatwdd 40 dvbe @irdsg dondnstieli ana 12

tenperature (Tg) ,of the polymer. The glass transjtion t erature is
related to the téﬁ?ﬁ%‘?’fﬁtﬁgé 2pelin &P A t?t“é 3 4Rt eP‘é"‘t‘ﬁg? R %P°“£ 60%

fundanental chang® akodth@od¥ ok CalleiRb GREALE GG oRfatole 4P ¥Bout THE RogRANgE
does not reflect a change in state, but rather.a change in the

macr onol ecul ar nBiteiig the qase Hox pherhydpengsmhore beade descridiedntn thpain
gggi/;i %Oims Severe‘?zki{p{e‘%siaa(:&&ta%ﬁ-héiw?’ }{o%v&,giax’(?%kﬁﬂé@“i{mﬂef akt SalP 1S
recognize that necessary curing conditions may be changed
somewhat, and may in faot be broader than the above~mentioned ,
temperature, humidity and time ranges, depending upon the
particular formulation, in order to obtain a stabilized product.
When the controlled release coating of the present invention
is to be applied to tablets, the tablet core (e.g. the substrate)
may comprise the active agent along with any pharmaceutically
accepted inert pharmaceutical filler (diluent) material,
including but not limited to sucrose; dextrose, lactose,
microcrystalline cellulose, xylitol, fructose, sorbitol, mixtures
the;eof and the like. Also, an effective amount of any génerally
accepted pharmaceutical lubricant, including the calcium or
magnesium soaps may -be added to the above-mentioned ingredients
of the excipient prior to compression of the tablet core ’
ingredients. Most preferred is magnesium stearate in an amount
of about 0.5-3% by weight of the solid dosage form. )
Pablets overcoated with a sufficient amount of aqueous
dispersions of ethylcellulose to achieve a controlled release
formulation pursuant to the present may be prepared and cured in
sinilar fashion as explained above with regard to the preparation
of beads. One skilled in the art will recegnize that nsecessary
cu¥ing conditio;s with regard to the particular elevated
temperature, elevated humidity and time ranges necessary to
obtain a stabilized product, will depend upon the partieular

formulatiop.



tenperature, the polyner will behave as a gl ass, being hard, non-pliable
and rather brittle, properties which could be sonewhat restrictive in film
coating since the coated dosage formmay be subjected to a certain anount
of external stress. Incorporation of suitable plasticizers into the polyner
matrix effectively reduces the Tg, so that under anbient conditions the
~films are softer, nore pliable,and often stronger, and thus better able to
resist mechanical stress. .O her aspectsl®f suitable plasticizers include
the ability of the pl astici zer to g.pgugg @zsgggp, ofi V¥ kg agent” for the
et hyl cel | ul ose, and the insol ubi I|t PEEPRRRND PhECTINBIIMEr | N water. Exanpl es
of suitable plasticizers |nclude mater |nsoluble plast|C|zers such as
di butyl sebacate, diet g | at e |et Cldar |§g¢ tnal e, and
triacetin, although qu‘gs “ﬁ T &* ?’FPae ot erSt’\:/éa r%zle"r?ggl }eééqspl gs%)l?em zers
(such as acetyl at gdedantoghventionles Thentakal miteteHecnonstrasd o bidit tec. ) may
- be used. Triethyl citrate is an espeC|allgaﬁreferred pl asticizer for the
aqueous di sper si ofdaiye dpY pamney BRAES9EYeHe present invention. The
stabilized controlled release fornulations of the present invention slowy
rel ease the therapeutically active agent, e.g., when ingested and expo%ed

to gastric fluids, and then to intestinal EXA¥BLBsY The controll ed rel ease
profile of the

Hydromoxphone beads were prepared by dissolving
hydromorphone HCl in water, adding Opadry® ¥Y-5-1442, light pink
(a product commercially available from Coloron, West Point,
Pennsylvania, whiph contains hydroxypropyl methylcellulose,
ﬁydroxypropyl cellulose, titanium dioxide, polyethylene glycoi
and D&C Red No. 30 Aluminum Lake), 20% w/w, and mixing for about
1 hour, and then spraying onto nu pariel 18/20 beads using a
Wurster insert. The resultant coated beade were then overcoated
with Opadry® ¥Y-5-1442 light pink (15% w/w). The resultant
preparation had the formula set forth in Table 1 below:

. TABLE 1
Ingredient Percent aAnmit/Unit - .
Hydromorphone HCL 4.75% 4 ng )
Nu Pariel 18/20 87.9% 74 ng
Opadry® Lt. Pink ¥-5-1442 2.4% 2 ng

dry® " (overcoat —2.0% .  _4.20g
opa (overcoat) 100.0% 84.2mg

The hydromorphone, HENC protected beade were then overcoated
with 15% w/v Aquacoat® (including triethyl citrate), and then
overcoated with Opadry® Light Pink 8% w/w after curing (see Table
2). The beads cured at high humidity were drled in a fluid bed

before.the f£inal overcoat.

B - C Jo) ar Co ¢
Ingredient .
Hydromorphone beads 80.57%
Aquacoat' ECD 30 12.06%
Triethyl citrate _ 2.39%

Opadry® ILt. Pink -
Y-5-1442 (Overcoat) 100.0%



formul ati ons of the invention can be altered, for exanple, by varying the
anount of overcoating with the aqueous dispersion of 13 et hyl cel |l ul ose,
altering the manner in which the plasticizer is added to the aqueous

di spersion of ethylcellulose, by varying the anount of plasticizer relative
to.ethylcellul-ose, by the inclusion of additional ingredients or

exci pients, by altering the nethod of manufacture, etc. A wde variety of
therapeutically active agents can be usad in conjunction with the present

i nvention. The ther ap?ﬁ%ipgral L A %%Li%eena?%gd (ﬁtg.fogga‘;mqgﬁg.i Ceh BARMeS)

whi ch may be used in ositrons o present invention iInclude both

vat er sol ubl e andipaner codteal bérlas wezegpladedaimlaeso ofo ks ghavsapiak kodl |y
active agents include antihistan nes

e.g., dinenhydrinat.e
di phenhydrami ne, Rk pReAN PEAR _rfé’ra??dg'ﬁ&g’bﬁlf'o?"pﬁZﬁ%r é'ﬁf%éivﬁali“g%%‘jy n
anal gesics (e. 0., caffirdative Q8631 1A, TRHBNEdARa BeliE VARBI dHTQA ELOrOZY TS E,
etc.), anti-inflammtory agents (e. napr oxyn, di cl of enac, _i ndonet haci n,

i buprof en, acet amPhcHENUNdBIPAFY ﬁPngiﬁ#%_ﬂac)‘P CPEBRFRRIVARPPLY 18 oFhe
anti-emetics (€. Jppa iy BEA VAP Yokea HU' 75 BohifP bk Céo CCuktlier ary

conditions. In Comparative Example 1C, the coafed beads were i
cured for 24 hours at 60°C at 85% relative humidity.

All products cured at the four above-mentioned different

4 conditions were then tested for stability under the following
conditions: Room Temperature; 37°C dry; 37°C/80% Ralative
Humidity (RH):; 50°C dry; 60°C dry; and 60°C/85% RH.

The relative humidity in a water-filled deslccator in a 60°C
oven was determined a; follows. First, about 500 grams of
purified water is poured into a plastic desicoator and the metal
guard i{nserted. 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 -

P relative hupidity was 9% at 60°C.

The dissolution tests were carried out via the USP Basket
Methed, 37°C, 100 RPM, first hour 700 ml gastric fluid at pH 1.?,
then changed to 900 ml at 7.5. In each instance,.the dissolution
was conducted by placing an open capsule containing the specitied
amount of cured beads (8mg hydromorphone HCl, 209mg beads % 10%) .
into a vessel.

It was observed that the dissolution of Example 1 did not
change under these accelerated conditions, except that changes
were seen with regpect to the extreme conditions of 60°C/85% RH.

The raesults for Example 1 are set forth in Tables 3-8 below, :



phenyt oi n,
papaveri ne,

expectorants (e.g.,
t heophyl i ne), anti-spasnodics (e.g. atropine,

mepr obamat e and nitrezepam,
diltiazem and nicardirine),
codei ne phosphate),

(e.g.,

insulinm 1eparin),

diuretics.(e.qg.,

vasodi | ators (e.g.
anti-tussive agents and
anti-asthmatics (e.g.

scopol am ne),

ni f edi pi ne,

hor nones

bendr of | uazi de) ,

anti - hypotensjves (e.

el taorym c acid,

cl oni di ne),

bronchodil ators (e.g.,

hydrocorti sone,
tetracycline),

mucol ytics,
stinmulants

al buterol),

trianci nol one, pr
anti henorr hoi dal s,
sedati ves,

(inclu

decongeiydamaoxphba HCLVesS,

tit

anti

Ypnotie¢s,

gz., pr opr anol ol ,
G nfl ammatory steroids (e.g.,
ai.sane) Nt b

psychotropics,

e (€. 9.,

anti di arr heal s,

arfiasdlasiowi t am ns, .

ntstsudh ad—phefyl pridpakdt aklne) .

The above |ist isriQiiafeant to begexChysi veo 4,61%44d.8 $R%! 3¢417P56[LBE 8¢

enbodi nent s,
oxycodone,

f or egoi ng,

the therapeutically acds wg agent sianpsd.sess.oydsnrorplwo
di hydr ocddei ne,
bupr enor phi ne, salt< of any of thé-tb™8goi Qg7
ang the |ike.

Hydromoxrphone HCL Dissolution
) Time_(wkse) 2 3 8 22 )8 24
3
Initial 8.14 ug 0 4.6 29.5 52.6 64.7 76.6 82.8
1 7.86 ng 0 6.0 30.8 58,3 68.0 81.6 89.7
8 7.73 mg 1 5.8 31.3 57.5 64.6 82,7 91.6
', -
- 37
i Hydromorphone HCl Dissolution
Time (wks) —{Amount) _1_ _2_ 3 8. 12 18 24
Initial .8.19 mg 0 .4,6 29.5 52.6 64.7 76.6 82.8
1 7.85 ng 0 5.6 31,0 55.1 68.5 80.3 89.1
4 8.16 mg 2:4 7.6 32,3 52.8 64.4 75.4 82.7
8 8022 ng 2-9 7‘9 33.5 53.3 64.5 7'3.6 81.3
"
TABLE 6 ~ 50°C f(dry)
Hydromoxrphone HCl Dissolution
Time (wke) —f{fmount) _1..2 3 8. _22 _18 _24
Initial 8.14 mg (¢} 4.6 29.5 52.6 64.7 76.6 82.8
1 8.14 ng 0 6.3 32,7 B56.3 68,3 BO.8 88
4 7.81 ng 2,3 10 37.0 59.6 72,0 84.5 92
- B 7.74 mg 2 10.4 35,8 59.2 71.3 82.3 0.5
TABLE 7 = 60°C (d4ry)
Hydromoxphone HCL Dissolution
IQ#LJ&KEL ' fAmount) .1 .2, 3. _8&8. 12 .18 24
Initial 8.14 ng o 4,6 29.5 52.6 64.7 76.6 82.8
1 8.13 mg 0 6,7 34.6 57.8 70.3 82.1 80.5
4 8.30 ng 2.7 10.6 36.6 56.8 68.7 80.,4 85.58
8 7.94 nmg 3.6 11.9 37.4 58.4 71.1 80.6 89.3

IABLE 4 -~ 37°C DRY

Be,9

codei n@d;8UmAydr drdrpRi N .SnPt-ghi 70 82.8 90.9
Qd Rt & fﬁ"am"bf’s_ﬁ]e

-~



When t he aqueous dispersion of ethylcellulose is used to coat inert

phar maceuti cal beads such as nu pariel 18/ 20 beads, a plurality of the
resultant stabilized solid controlled rel ease beads may thereafter be
placed in a gelatin capsule in an amobunt sufficient to provide an effective
control |l ed release dose when ingested and contacted by gastric fluid. In
thi s enbodi nent, beads coated with a therapeutically active agent are
prepared, e.g. by dissolving the theramutically active agent in water and
t hen spraying the solution onto a WI e, nu pariel 18/20
beads, using a Wirster insert. OptionalTy, additional ingredients are also
added prior to coating the beBylromprmirosierHqlo assi sbigdedutdosr onor phone

bi nding to the b@é&%;—&ﬁ-ﬂ/ or t dol ud4 ons2et c-BFor 2exaddt e 24a
product whi ch inghudes hydroxypropyk JQethylgel )l 098,5 €656 Wil 71 ¢ Vit Bout

colorant may be added to the sol y,pg@mgand te1@ $3 URION B2 XEEB3I(£.63.1 706
about 1 hour) prior4to applicati egrnédfmg he S@nme2Tt 82{thedsbehhds,7 Blieo 51.7
resultant coated suBstrate, in tHi-3888npl EShdatfsd PR #0ch 4Bt de? oitall y
overcoated with a barrier agent, to separate the therapeutically actiwve
agent fromthe ethylcellul ose coating. An exanple of a suitable barrier

agent i s one whi ch colrprosasastykhexfisspiutiorephytideblafl Gemparhibivm/er, any
filmformer known in the art .preferred that the barrier

may, be used. It .is
agent does not afq"éﬂ?lﬁ%ékdi’?sbg‘htlFoW’PgP‘ée%iht w down (e.g., cure) at all

accelerated conditions. The results are sat forth in Tables 9,
.10 and 11, respectively.

= _Conp v ; 1
Hydromoxphone
Conditions/ fcl Dissolution
—F®ime = __(Apount) = _ 31 _ 2 _ 3 _ 8 _212 .38 _ 24
Initial 9.03 mg - 17.8 43.6 63.6 78.8 86.7 94.7 94.2
o.s wks 8.79 mg 18.4 35.9 58.2 76.3 88.7 97 *
8 wks 8.50 mg 14 36.5 59.1 81.1 91.4 99.4
2Zj§£%§§8g 8.15 mg 6.6 23.6 41,2 60.7 72.3 83.1 ¥
8 wks 8.45 nmg "17.3 36 56.1 78.1 89.1 $7.1 102.6
|8 wks 8.65 mg 7.3 28.5 48.9 64.4 82 92.3 99.1
8 wks 5.81 mg 17.5 22.6 28.8 36.5 41,7 46.5 50.3
TABLE 10 -~ Comparative Example 1B
Hydromorphone
Conditions/ RCL - Dissolution
—Tiwe =~ __(awount) = _31. _ 2 _3 _.8 .12 _18 _ 24
Initial 8.82 mg 4.7 35.5 58.3 75.6 87.3 96.0 98.2
8 wke $.29 mg 8.7 34.6 59.3 B0.8 92.1 99.2 105.7
.a wke 8.34 mg 8.3 36.1 55.9 77.4 87.3 97.8 103.1
.s wks 8.86 mg 4.9 25.4 43.6 61.7 70 80  87.2
2 .s wks 8.71 ng 10.8 35.4 §5.9 77.2 88.9 99.5 103.2
o.s wks 8.30 mg 5.3 32 54.1 76.6 87.2 99,8 105.5
50°8 wkg' ' 6.22 mg 16.3 21.2 27.4 35.9 40.5 46.2 49.4



final product. The hydronorphone, HPMC protected (optional) beads may then
be overcoated with an aqueous di spersion of ethylcell ul ose. - The agueous
di spersion of ethylcellul ose preferably further includes 15 an effective
anount of plasticizer, e.g. triethyl citrate.- Pre-fornul ated agueous
di spersi ons of ethylcellulose, such as Aquacoat[err] or Surel ease[err], may
be used. If Surelease[err] is used, it is not necessary to separately add a
plasticizer. The coating solutions of tix present invention preferably
contain, in addition to the flln}forner plast|C|zer and sol vent system
(i.e., mater) a colorant to psaRus SBRATALLYREXABREEAC di sti ncti on.
- Color may be added tQ the sSohfid.RBr@onkne ‘therapeutically active agent

i nstead, or in adehdit@endo the agopous di spersion of pidwehaeidnul ose. For
exanpl e, col or be Ztiged to AqudmmmuﬂaLL] mLahIhéLuselot_&LcdﬂoLJéL._zi.

propyl ene gl ycol col or ersions, njlled.al l.ak d
opaci fiers such %um di S( 89 by addi ng g%’l or"![I quﬁ)garE 2ag &7

sol ubl e pol yner sol gTw and t beso wgi ng | ova sheqsz ve.8 fse pladstim zecb'h.z

Aquacoat|[err]. AI;ZE.En@MeI Yy, angl4 sui tabl e 2m37t hod 41;.5 0.4 71 8.3 89.8
:a wks 8.78 mg 2.5 12.4 37.8 54.6 63.8 73,3 *

8 wks 8.71 ng 3,2 17.5 42.3 61.1 70.8 81 _ 87.9
§g-§'£%§¥l 8.57 mg 2.9 18.2 43.4 62,5 73.6 84,3 *

.s wks 6.10 mg 15.7 20.3 26.4 33.8 38.3 43,1 46.7

Figure 1 is a graphical representation of the diasolution
results obtained with Example 1, comparing the initial
dissolution pfotile with the dissolution profile after 8 weeks
storage at 37°C/80%RH.

Figure 2 is a graphical representation of the dissolut}on
profile of Comparative Example 1A, comparing the initial
dissolution profile with the dissolution profile after 8 weeks
storage at 37°C/803%RH.

Figure 3 is a graphical representation of the dissolution
profile of chparative Example 1B, comparing the initial
dissolution profile with the dissolution profile after 8 weeks

. storage at 37°C/80%RH.

Figure 4 is a graphical representation of the dissolution
pr;£ile of Comparative Example 1C, comparing the initial
dissolution profile with the dissolution profile after 8 weeks
storage at 37°C/80%RH. . .

Comparing the results depicted in Figure 1 (Example 1) with
th; rasults depicted in Figures 2-4 (the comparative examples),
it is readily apparent that only in Example 1 wers the initial
and 8 week dissolution profiles substantially identical under

storage conditions of 37°C/80%RH.



The plasticized aqueous di spersion of ethylcellul ose nay be applied onto
the substrate conprising the therapeutically active agent by spraying using
any suitable spray equi pnent known in the art. A sufficient anmount of the
aqueous di spersi-on of ethylcellulose to obtain a predeterm ned controlled
rel ease of said therapeutically active agent when said coated substrate is
exposed to aqueous solutions, e.g. gas2¥ic fluid, is preferably applied,

taking into account tfigupdsshead |graphiaiadCireaditatisd oehend hessapauid-cal |y
active agent, the manner of incorporation of the plasticizer, etc. After

coating with AquacBitfides|of BExanmlendr copestisgt the initial d¥ssphtionsprafite
~Qpadry[err], is opgi Y, ' t hj Ver, ' ovi ded,
oA e in or dort{ thla@RBIAy frdefed SRESnllLEd EIARRE dEp Bl
Next, the coated beade sarxicmsr echditionsidrodm telgpexiatuze ;s bath/BoyRiy amd sase

t f the th t | | ti {. 16 Curi I s_t I ti | |
Carriod out, i1 atS8nt- ord 3spolRens Fhoethamof SeobplY 2 BreanvineRd b,

2-24 hours. This sStRégkErfobsl B6hditions is seen to be substantially identical.
Finally, Figqure 6 is a graphical repreaent#tion of the initial
dissolution profiles obtained after various curing conditions
(curing of 2hrs at 60°C dry (the prior art); 72hrs at 60°C/85%RH
p {Comparative Example 1); 24hrs at 60°C/85%RH (Comparative Example
1a) ;- 24hre at 60°C dxy (Comparative Example 1B); and 72hrs at
. 60%C dry (Comparative Example 1C)).

EXAMP - . - in

In Example é, hydromorphone HCl beads weare prepared in
accordance with Example 1 in oxder to determine if the stabilized
initial dissolution achieved after curing at so'C/SS%RH.could
instead be achieved by a longer drying period without humidity.
After coating with Aquacoat®, a further overcoat og Opadry®
¥-5-1442, light pink is applied to the beads. The coated prodict
had the composition set forth in Table 12 below:

[ ] BL -
Ingredient Pexcent
Hydromorphone heads 80.57% 84.2ng
Aquacoat® ECD 30 12.06% - 12.6mg
Triethyl citrate 2.39% 2.5mg

Opadry® Lt. Pink (Overcoat) .__4.98% S.2ng
100.0% 99.3ng

The Aquacoat® coated hydromorphone HCl beads were then cured
in a 60°C dry oven, and stored at 60°dry heat. The cured beads
were placed in open gelatin capsules containing the specified

amount of cured beads (about 8mg hydromorphone HC1), and



does not stabilize the dissolution profile of -the formulation, as wll be.
denonstrated by the exanples set forth herein. The curing step pursuant to
the present invention is acconplished by subjecting the coated beads to
"stressed conditions"” by subjecting said coated substrate to greater than
normal , anbient (i.e., roon) tenperature and relative humdity and
contan|ng the curing until an.endpoint is reached at which the coated
beads attain a dissolution profile which4ais substantially unaffected by
further exposure diRssiwdidgcsiRdh We2BStith SbrRdat& 1hoERehaidekCs N FoR

hum dity. More particularly, the coated substrates of the present invention
shoul d be cured &t Exampigel aﬂfur—br% eammlre!St h%trthleh%olgpuw tinen pointen
tenperature of t i g y a_greater
t han anbi ent hu hﬁ'ﬁ?ﬁ' ‘ d%‘g’s& smlaf %f%tk g%lde 9 a%eﬁ raing

di ssol ution profithe e f:amliuy ﬁthpraidmuicmrpedfm.t hniabmmhobtmatb@ds
I.e. curing for 2 hours or qg gtﬁ& dr heat, is that these products
continue to cure ‘e APIFEH? e 1% é’f“ Fhe, three Spuples; z e eeRpoi nt
at whi ch the pr oozl ps Qadest zfoggb%afgmal 1y veo&rt ant di ssol ution profile.
In contrast, the cured products of the present invention provide a rel ease
rate of the therapeutically active agent mhlch I s substantially unaffected

Time (Dayg) Wt (mg) 1l hr 2 hx 4 hx 8 hr 12 hrs 18 hrs 24 hrs

Initial 196.7 15.6 43.8 68.7 89.9 101.0 109.2 113.8
S 196.3 3.7 37.5 63.5 84.9 97.5 107.2 112.3
2 196.3 4.8 37.0 62.9 84.8 95.1 104.7 lli.8
7 197.3 13.5 37.8 63.3 84,9 98.8 108.6 115.9
21 197.3 17.4 36.5 58.4 77.9 88.9 98.2 103.1

From the results set forth in Table 13 above, it is apparent
‘that a profound slow down in release rate of the samples of
Example 2 cccurred, as compared with the high temperature/high
humidity condition of Example 1. In other words, an endpoint was
not reached at which the dissolution profile gets down to the
base level of Example 1. .

Exanple 3 - Increased Mixing Time

» In Example 3, another attempt to stabilize Aquacoat® ocoated
hydromorphone HCl beads using the premise that high temperature
is not enough to insurxe complete coalescance of the .
ethylcellulose £ilm. - Normal time of mixing (and bonding)
plasticizer and Aquacoat® is recommended by FMC to be 30 minutes,
In Example 3, the contact time of the plasticizer (triethyl
citrate) with the ethylcellulose polymer dispersion (Aquacoat®)
was increased to 24 hours.

The coated beads were prepared in accordance with Example 1

and then placed in a 30 cc amber glass vial and cured in a 60°‘C

dry oven. Dissolution studies were then conducted on three

-



hum dity. In preferred enbodi nents of the present invention, the stabilized
product is obtained by subjecting the coated substrate to oven curing at

el evated tenperature/humdity levels for the required tine period, the

opti mum val ues for tenperature, humdity and tine for the particul ar i
formul ati on bei-ng determi ned experinentally. 17 In certain enbodi nents
of the present invention, the stabilized product is obtained via an oven
curing conducted at a tenperature of abmg [err] and a relative humdity
from about 60%to o | I I 0yt g R, t P QUdna’ 2
hours. This is thesad?ggées %g?tﬁigst%g%igﬁqaﬁqﬁéaggh esgri{)&%d ir?%tbhgEtn ’
exanpl es provi ded Selays. Hiewv gesuldreakiskt etbrih ivh@akket 14idelovecogni ze

t hat necessary curing conditions may be cggggggd§onemhat, and may in fact
be broader than the above-nentioned tenpe .~ hum dity and tine ranges,
dependi ng upon the particul ar fornul at igigsclutienderingp obtain a stabilized
product. When t he Zimet (Rdviad itk adeht oatitngh-df 40X pladsat L8nhrst 24dhiss to

be applied to tablgts, the tap) et core (£40.,4 Bes5ubsigate) 10,2  110.4
. 2

209.7 25.9 50,3 74.3 %4.2 101.9 106.4 110.2

7 ) 209,7 24.8 48.3 7?73.1 95.2 1102.7. 1i08.5 112.6
11 210.3 24.0 45.4 70.5 94,9 03,9 113.3 115.9

From the results set forth in Table 14 above, it is apparent
that a profound slow down in release rate of the saﬁples of
Example 2 occurred, as compared with the high temperature/high
hunidity condi.tion of Example 1. In other words, an endpoint was
not reached at which the dissolution profile gets down to the -
base level of Example 1.

Hydromorphone beads were prepared by dissolving
hydromorphone HCl in water, adding Opadry®, and mixing for about
1 hour, and then spraying onto nu pariel 18/20 beads using a
Wurster insert, The resultant coated beads were then overcoated
with Opadry® Y-5-1442 light pink (15% W/w). The beads were then
overcoated with a agueous dispersion of Aquacoat® to a 15% w.weight
gain according to Table 15 below: . '

! ! - Fa
Ingredient Pexcent (wt) Ant/Unit
romoxphone beads . 84,7 80 mg
!A{cymdacoa:g ch 30 12.7 12 my
citroflex®2a _ :
. (Triethylcitrate) 28 2.4 ng
99.9 94.4 ng

After the rési.n was applied to the beads, the beads were
cured in a fluid bed for about 2 hours at 60°C, as suggested in'

the literature and as recommended by FMC, since it is above the



may conprise the active agent along with any pharmaceutically accepted
I nert pharmaceuti cal

t 0 sucrose,

fruct ose,

filler (diluent) material, including but not limted
dextrose, |actose, mcrocrystalline cellulose, xylitol,
sorbitol, mxtures thereof and the like. Al so, an effective
anount of any generally accepted pharmaceutical |ubricant, including the

cal ci um or

orm

[ ets overco

magnesi um soaps may .be added to the above-nentioned ingredients
of the excipient prior tq conpression of26the tablet core ingredients.

preferred is mgagsém%%%w S1hLe 5

the solid dosage

Most

SO, g Dt el ©

aqueous di spersi efissadfidet hyl cel | ul ose to achi eve a controlled rel ease
repared and cured in simlar

formul ati on pursuant
fashi on as expl ai ned

o AR

P

nagﬁbe

& PheF s, &b FORE; LPRSFBERd Y1 e

skilled in the agissdibkidt@e@MetChdiNA! coHRNBESAINLELHIINTarPREI § ifdREnM t h

regard to the particul ar el evated tenperature,

el evated humdity and tine

ranges necessarySRRPYSHt YE5e 218q 86p9dz8H 377 648R% RHyj (Thedeepmgesids e
particular formbatiQRa in miBie 16:

TABLE 16

Tine Mean wt lhr 2hr 4hx 8 hr 12 hrs 18 bhrs 24 hre
Initial 283,2 30.4 44 70.2 89.1 97.0 201.3 102.1
3 mos 282.3 36.2 57.8 76.9 89.0 83.4 96,6 98.5
37°C/80% RH '

1 mo 288.4 0.5 26.7 50.5 69.6 80.7 90.7 97.0

2 mos 287.3 0.6 25.1 50.7 70.3 81.6 92,2 98.8”
3 mos 293.7 1.2 23.7 48.6 65.6 74.5 80,2 83.5

From the results provided in Table 16 above, it can be seen

that the dissolution profile of the samples stored at room

tenperature were acceptabhle.

However, the dissolution of the

sanples slowed dramatically when stored at 37°C/80% RH.

Samples from the batch of Example 4 were repackaged, stored

and thereafter subjected to heat under dry conditions at 37°C and
no{sture (37°Cc/80% RH). The dissolution results are provided in
Table 17 bhelow:

TABLE 17

Initial 283,.2 30.4 48.0 70.3 89.1 97.0 101.3 lO?.lﬁ

37°Dbry . .

2 wks 283.2 25,0 44.4 65.0 84.5 92.9 100.7 104.4

4 wks 280.7 31.5 28.0 63,5 84.3 95.6 - -
7°C/8

2 wkse 283.2 16.6 3%.1 60.5 80.1 89.8 99.8 103.4
4 wks 281.3 4.6 26,6 53.7 71.4 82.1) - -

>

From the results gset forth abovs,

it is apparent that

under dry conditions at 37°C, the dissolution of Example 4 did



DETAI LED DESCRI’PTI ON OF THE PREFERRED EMBCDI MENTS The fol | owi ng exanpl es

i llustrate various aspects of the present invention. They are not to be
construed to limt the clains in any manner what soever. EXAMPLE 1

Hydr onor phone beads were prepared by dissol ving hydronorphone HC in water,
addi ng Opadry[err] Y-5-1442, light pink (a product conmercially avail able
from Col oron, West Point, Pennsylvania, which contains hydroxypropyl

met hyl cel | ul ose, hydroxypropyl cellul os@7 titanium di oxi de, polyethylene

gl ycol and D&C Re 3 m % | Xi f bout 1
hour, and then sp’%éy?%‘&e gﬁf%%nﬁ%%nr‘%ng?g%g/ %g 2@#5‘:’32?% a 'fv}%fsféehreai nsert.
The resultant coatabibecos o bethherisbvey epdtredt\wash r@pHaed |t cpmplese 1442

light pink (15% W/)}v%.g_?T e resultant preparation had the fornmula set forth

in Table 1 bel ow® Fent Persent Ant/ Unit
Hydr onor phone HC 4. 75% 4 nmg Nu Pariel 18/20

87.9% 74 mg opadry[err] Lt. Pink Y-5-1442 2.4% 2 ny
padry[err] " (overcoat) 5. 0YEXAMPLES 1871 00. 0% 84.2ng The

hydronor phone, HPMC protfctggh RG30SeMRESdrABE & RigPRbfthrature (s0°C),
: high humidity curing as an effective process of étabilizing

plasticized ethylcellulose controlled release f£ilms, Examples 5~7
were manufactured at different levels of Aquacoat® load.

In each of Examples S5-7, hydromorphone beads were made
according to Example 1. Thereafter, overcoatings of 5% w/w, 10%
w/w, and 15% w/w were applied to Examples S-7 respectively,
according to the formulas set forth in Tables 18-20:

E - C t 2 X Q.
Ingredient Percent
Hydromorghone beads 84.2% 84.2mg
Aguacoat® ECD 30 4.7% 4,2mg
& Triethyl citrate 0,9% _0,84mq
100% 89.24nmg
" TABLE 19 - Composition of Ex. 6§ After coating
' . Rergent Ant/Unit
Hydromorghone beads 89.3% 84.2ng
Aquacoat® ECD 30 8.9% 8.4nmg

Triethyl citrate

—228% ) - |
"100% 94.3mg

Ingredient Rercent _
Hydromorphone beads 84.8% 84.2ng
Aquacoat® ECD 30 ' 12.7% 12.6mg

friethyl citrate —0.9% —2.5mg
100% 99, 3ng

All three batches were cured in water loaded desiccators
in a 60°C oven. These batches were placed on screen trays in
tﬂése dasiccators after the Aquaccat® f£ilm was.applied to the

HPMC overcoated hydromorphone HCl bead. The desiccators



overcoated with Qpadry[err].-Light Pink 5% w w after curing (see Table 2).
The beads cured at high hum dity were dried in a fluid bed before the final
overcoat. TABLE 2 - Conposition After Coating Ingredient

Per cent Hydr onor phone beads U 80. 57% Aquacoat ECD 30
12.06% Triethyl citrate . 2.39% Opadry[err] Lt. Pink
4.98% Y-5-1442 (Overcoat) 100280% 19 The product was then

divided into four portions, In Exanple 1 e_coat | p in a
30 [err] anber gF%‘gﬁa"\?Tiﬁ‘F %‘ﬁdAW«gngi' °3%e‘%\9§?1£ g%sgzég Eg&?&% g‘f.'elr!rat](iia(‘ll
relative hum dit yverd oS0 Modts Ve Thardigter ,l Ahe it chés vete headged\Eren cheed

for 24 hours at [err] under dry conditions. |In_ Conparative E?a{%lnz 1B, the
coat ed beads wer 8VeRf-edThe beads ppppares npist pnd iheretfry ¥NfAE m3q

Conpar at | ve EXATBLE i MR WybEH YR Robhll CthbPkedd NI Svetbol ']

at 85%relati ve hum
with 5% w/w Opadry® ¥-S5-1442 light pink in a Wurster insert.

Stability studies on Examples 5-7 show the initial
dissolutions to be the same as dissolutions done.on samples
plaé;d at 37°C/80% RH conditions. The raesults are provided in
Tables 21-23 below:

() - 5 At n
Time (Daye) Wk (mg) A br 2 hx ‘4 hxr § hr 12 .hrs 18 hxs 24 hxs
Initial 190 39.8 57.4 73.0 88.0 93.8 98.0 95.6
28 191 33.4 54.6 71.9 84.2 89.8 94.6 96.4
IABLE 22
solutio -_ 10 te
Time (Days) A8 hrg 24 hxs
Initial 200.3 7.5 27.9 48.5 68.1 76.2 90.3 88.9
28 210 9.9 32.4 52.6 67.8 77.9 85.9 - 90.9
TABLE 23
solutio = at®
b .
Time (Daye) 8 24 _hrs
) Initial 210 5.4 13.9 38.0 57.8 68.4 78.6 81.3 -
28 207.3 9,5 23.8 43.4 58.8 67.8 77.0 81.3
EXAMPLE €

In Example 8, Hydromorxphone beads overcoated with 10% of 1.;he
Aquacoat® are prepared in accordance with Example 6. The
hydromorphone beads of Example 8 have the following formula set
forth in Table 24 below:



¢ ——t

————— ‘

Al'l products cured at the four above-nentioned -different conditions were
then tested for stability under the follow ng conditions: Room Tenperat ure;
[err] dry; [err] Relative Humdity (RH); [err] dry; [err] dry; and [err]
RH. The relative humdity in a water-filled desiccator in a [err] oven was
determ ned as follows. First, about 500 grans of purified water is poured
into a plastic desiccator and the netal guard inserted. A.
hygroneter/tenperature indicator is p2hced on top of the guard and the

desi ccator covered and placed in the [errlraguen4f or 24 hours. After 24
hours the relative humdity in the desiccator was 85% while the tenperature
was still [err]. On placi ngXfogsediedtonet' er al one BeiS8fe [ er r hutgfilpht f or 24
hours, the relative W %sat [err]. Thegdigsol utiongtgsts were
carried out via the %&%ﬁgﬁ&ﬁé\ggﬁﬁ%d, [err], 1008% first ?‘ééri o0 m
gastric fluid at pHIxigthyhedteamged to 900 nl atlA%. |n eakll st ance,
the dissol ution was conducted by placing an open *8bsul e cont¥ i Rg t he
speci fi ed amount of cured beads (8ng hydronor phone HC, 209ngy beads [err]
10% into a vessel. | trongéatrher aesdctiviinebbodoasiaguit ansferExsuakiee 1 di d
not change under tHese accel erated conditions, except that changes were
seen with respect BUBLGiRY epazRd (< FURMRISNE, She dove heads ware  @ixgdt £o1r 32

Exanple 1 are set nheid hiel Bokdhkeor3 xB1 888 humidity (rather than 8siRH).

Similar initial results were obtained for Example 8 as compared
to Example 6, thus indicating that the curing step can also be
completed at a lower relative humiditf. The results are set
forth in Table 25 below:

T = £
Examnle lhr _2hr 4hr 8hr 32hr 18 hr 24 hr
Ex. 8 7.5 27.8 48.5 68.1 76.2 90.3 88.9
Ex. 6 1.2 18.9 45.0 65.0 76.0 85.8 91.5
L
EXAMPLES 9-10

Hydromoxphone HC) beads were prepared made by spraying a_ -
suspension of Hydromorphone HCl and Opadry® ¥-5-1442 light pink
(20%w/w) onto nu~pariel 18/20 beads, in accordance with the
method set forth in Exanple 1. These beads were then further
coated with Opadry® ¥-5-1442 light pink (15% w/w). These beads
were then further coated with the Surelease® at a level of 1.0%
weight gain. The formula of the coated bead is set forth in

Table 26!

. TABLE 26
Ingredaient ' na/dose Percent;
Hydronorphone HCl 4.0 mg 4.32%
NuPariel beads 18/20 74.0 ng 79.91%
Opadry light pink 6.2 mg 6.70%
Surelease ~8.4_ma

92.6 mg . . 100%



20 TABLE 3 - ROOM TEMPERATURE Hydronnrphdhe HC Di ssol ution Tine

(wks) 2 2 8 1218 24 Initial 8.14
ny 0 46 29.552.6 64.7 76.6 82.8 1 _ 7.95 ngy 0 5.
30.3 55.0 67.4 79.8 88.9 4 780 ng - 1.3 8.2 33.5 57.4
70.0 82.8 90.9 8 ' 7.78. gy 0.7 6.0 30.5 54.0 66.4 78.0
88.2 TABLE 4 - [err] DRY Hydronnrphone HC1 Di ssolution Tinme (wks)

( Amount ) ) 3 12 1830 24 |nitial 8.14 ny

0O 4.6 '29.5 526 64.7 76 6 82.8 1 i 7.96 ngy 0 6.0 30.8
55.3 68.0 81.6 89.7 4rhe batch was then @ai%9iadW into Zwo pbriiond3. ZExadf1é o/ Ya2
82.0 91.3 8 7.73 1 5.8 31.3 57.5 64.6 82.7 91.6

TABLE 5 - [err] SkyeR @ﬁfoﬁ?ﬂ%ﬁé’* H@i for 3 dayqy(I3dioyrslon and (hden (dpied in a

gAm)an;) 2915 52&6 61?%7 3ler £ ét?: 30 nﬂaﬁtes at46d Ebadrg off the excegs 196”9

31.0 55.1 68.5 8S0ist8e.1 These beads were then overcoated with 5% Opadry light
pink. Example 10 was left uncured.

" Both Examples 9 and 10 were then filled into hard gelatin
capsules at a strength of 4 mg hydromorphone per capsule and
stored for 3 months at 37°C/80% RH. Dissolution studies were
conducted (pursuant to the method set forth for Example 1)
initially for both Examples 9 and 10 and again after the 3 month

storage at 37°C/85% RH. The results axe set forth in Tables 27
and 28 below:

i

3 Months

Tima :
1 4,7 6.5
4 42.3 56.0
8 64.9 - 75.0
12 77.2 83.19

» .

m - E: _

' 3 Months
Time Initial at 37° €/80% RH -
h | 1.6 4.5
4 12.90 61.9
8 47.8 79.0
13 66.7 87.7

The results indicate that despite the expected differenées'
in initial release rates caused by the use of a different aqueous
dispersion of ethylcellulose (Sureléase’ ags compared to
P.quacéat‘) , the curing step as described above for Example 9
still szignificantly stabilized the product in comparison to the
ungured product of Example 10. The relatively faster controlled
release rate of the Examples using Aquacoat® as compared to
Surelease® may be due to the lesser degree of plasticization

during the preparation of the coating formulation. However,



4 _
8.22 ny

8

64.7 76.6 82.8 1
. 7.82 ny.
10.4 35.8 -59.2 71.3 82. 31

4
7.74 ny

12

2

2.9 7.9 33.5 53.3 64.5 73.6 81.3 TABLE 6 -
Fydronnrphone HC

8.16 ng 2.4 7.6 32.3 52.8 64.4 75.4 82.7 8
Di ssol ution Tinme (wks)
18 24 Initial 8.14 ny
8. 14 ny 0
2.3 10 37.0 _59.6 72.0 84.5 92 8
90.5 Hydronor phone HCl

(Amount)
0

Di ssol ution Ti nme ¥xdéypts using eitherpgndying may bepmodiZied toBobtaih?

I nitial 4.6 29.5 52.6 64.7 76.6 82.8 1
8.13 ny 0 6‘.““7”8“%3?'6[5%’5’?%‘95% 382.1 90.5 4 8. 30
2.7 10.6 36.6 56.8 68.7 80.4 85.6 8 7.94 ngy 3.6 11
58.4 71.1 80.6 89.3 21 TABLE 8 - [errl RH_Hydr onor phone HC

Di ssol ution Tinme (wks) (Amount) 3 8 12

24 I nitial

[err] (dry)

1

18"

4.6 29.5 52.6
6.3 32.7 56.3 68.3 80.8 89

ng
9

18

_ ™8 £od158ing exarPle H1Gstrdled thelebarfitifatiRnboB?. 8

morphine beads in accordance with the present invention.

A sugpension of morphine sulphate and HPMC (Opadry® Clear

¥-5-7095) was applied onto 18/20 mesh Nu-pariel beads in a fluia

bed granulator with a Wurster column insert, at 60°C,

A HPMC

purple coloxr suspension (Opadry® lavendexr ¥S=1~4729) was then

applied as an overcoat at the samne temperature.

The beads were

then overcoated to a 5% weight gain with Aquacoat® and triethyl

citrate as a plasticizer at 60°C inlet.

The beads were then

cured in an oven at 60°C/100% relative humidity for three days.

The beads wera then dried in the fluid bed granulator at 60°C,

and an overcoat of HPFMC with a purple color was then applied

usfhg the Wurster column.

The beads were then filled into hard gelatin capsules at a

strength of 30 mg morphine sulphate per capsule. The final
formula, set forth in Table 29 thus becane:
TABLE 29

Inaredient mg/capsule = Pexcent
Morphine sulphate 5H.0 30.0 8.51%
Nu-pariel beads 18/2 255.0 72.36%
Opadry® Clear ¥-5-7095 15.0 4.26%
0padry' ILavender ¥S-1-4729 i5.8 4.48%
Aquacoat® ECD30 (solids) 15.8 4.48%
Triethyl citrate 3.3 0.91%
Opadry Lavender Y~-S-1-4729 12,6 __4,99%

352.4 100%

An initial dissclution of the capsules was conducted using

the USP paddle method at 100 rpm in 900 ml of water, and again

2

24

37.

after storage at 37°C/80% relative humidity, and at 60°C dry for

one month.

It was observed that a stable product was made. The

results are set forth in Tablie 30:

4



1 - 7.26 ngy 6.1 9.9 23.4 42.4 53.3 63.1 72.5 4

6. 64 ngy 19 23.7 32.5: 41.4 46.7 53.0 51.7 8 , . 5.38 ng
25.1 28.4 33.2 40.0 44.1 47.7 52.0 In contrast, the dissolution profiles of
Conpar ative Exanples 1A, 1B and 1C .conti nued to sl ow down (e.g., cure) at
all accelerated conditions. The resukts are set forth in Tables 9, 10 and.
11, respectively. TABLE 9 - Cbnparatlve Exanpl e 1A Hydr onor phone

Condi ti ons/ 32 Di ssolution Tine

( Arount ) 1 2 3 8 12 18manﬂgln|t|al 9.03 ny
17.8 43.6 63.6 78.8 86.7 94.7 94.Eermeniniexph ] 8.79 mg

18.4 35.9 58.2 76.3 88.7 97 * 8 mks 8.50 36.5
59.1 81.1 91.4 99.4 [eMmd 8 wks 8. 15 upgol 0% 0 g 6.6 23,_.@241 2 60.7
72.3 83.1 * [err] (!i!@ﬁy) 8 wksltial 8. 43 My 173 56.1 78.1
89.1 97.1 102.6 [err] y(dry) 8 Fkd 8.4858ny 3523 5 48.9 64.4
82 92.3 99.1 [err] 88 WKks g4,4 5.81 Ny g;3.5 17.5 22. 6 ggeja 36.5 41.7
46.5 50.3 ¥12 96.5 94.4 96.9

A second experiment was conducted with morphine as descrihed
in Example 11; however, the retardant Aquacoat® layer was applied
to a 15% weight gain to develop a slower releasing morphine
product. The final formulation is set forth in Table 31:

TABLE 31

Ingredient Mg/capsule RPercent

Morphine sulphate 5H 30.

Nu-pariel beads 13/25 2850 6508

Opadry® Clear Y-5-709S 15.0 3.82%

Opadry® Lavender ¥YS-1-4729 15.8 4.03%
v Aquacoat® ECD30 (solids) 47.4 12.08%
© Triethyl citrate 9.5 2.42%

Opadry® lLavender Y-S-1-4729 9.8 —5,00%

392.3 100%

An initial dissolution of the 30 mg morphine sulphate -
capsules was conducted as described in Example 10 and again aftér
storage at 37°C/100% relative humidity and 60°C dry for one
monfh. It was again observed that a stable product was made.

The results are set forth in Table 32 balow:

TABLE 32
Percent Morphine Dissolved
Time 37°C/80%RY 60°C
Bxrs Initial After 1 Mo After 1 Mo
1 0 3.1 )
- 4 18,1 19.4 17.8
8 T 49.2 49.4 45.7

12 66.3 68.2 65,9



TABLE 10 - Conparative Exanpl e 1B Hydronor phone Conditi ons/ HC

Di ssolution Tine - (Anount) 1 2 3 8 12 18 24
Initial 8.82 ng 4.7 35.5 58.3 75.6 87.3 96.0 98.2 8 wks
8.29 ny 8.7 34.6 59.3 80.8 92.1 99.2 105.7 8 wks 8.34 ny

8.3 36.1 55.9 77.4 87.3 97.8 103.1 Jerr] 8 wks 8.86 ny 4.9
25.4 43.6 61.7 70 80 87.2 [err] (dry) 8 wks 8.71 ny 10. 8
35.4 55.9 77.2 88.9 99.5 103.2 8 wks 33 8.30 ng 5.3 32 54.1
76.6 87.2 99.8 105.5 8 wks 6. 22 rRFAMPLES 136143 21.2 27.4 35.9 40.5

46.2 494 22 TABLE rhlevanRUPRY, 2bhe SpbAARE Fich CobVllo Y R1QSiment,

Condi tions/ | uti on
" (Amount) 1 tiReopdyllihe, Zg&\ringlﬁsrﬁdifmhmalphysiaal prdheftidd) compared
gg 8128,3841 916997igjl'gr%r§n%ox4phone is gemonstrated. 8.40 ng 1 14.2
Theophylline hydrous and colleoidal silicon dioxide were
first mixed together in a high shear mixer, then sieved using a
Jet sieve to enhance flowability. Using a flﬁid bed granulator
equipped with a rotor processor, sugar spheres were layered with
the theophylline/colleidal silicon dioxide mixture using a pvp
(C-30) solution. layering was continued until an approxinmately
‘78% load was obtained.
The formula of the 400mg theophylline beads when filled into

capsules ig set forth in Table 33 as follows:

TABLE 33
uni ul
« Theophylline hydrous 440.0
(equivalent to 400
anhydrous theophylline)
Colloidal silicon dioxide 0.4
Suqar spheres 30/35 mesh 110.0
PVP (C~30) 3.8
) 563.¢

These spheres were then overcoated with a dibutylsebecate
plasticized Aquacoat® ECD 30 retardant to a 5% weight gain in the
Wurster column in a fiuid bed granulator. A portion of the
_spheres was not cured, and another portion was stored at 60°C and
100% relative humidity for 72 hours. The following results set
forth in Table 34 were oStained:

- | - TABLE 34
Abxr 2br 3hr 4bhxr 6hr 8Sbx 24 bz
Initial (uncured) 8.0 92.8 94.6 95.4 97.8 98.0  100.0

72 hours at 3.2 5.3 7.0 7.9 11.0 14.1 35.8
60°C/85% RH - ’ :



[err] (dry) 8 wks 8.84 ny 2.7 14.5 40.5 60.4 71 81.3 89.8

[err] 8 wks 8.78 ny 2.5 12.4 37.8 54.6 63.8 73.3 * 8 wksS
8.71 my 3.2 17.5 42.3 61.1 70.8 81 87.9 [err] (dry) 8 wks
8.57 ny 2.9 18.2 43.4 62.5 73.6 84.3 * [err] 8 wks 6.10 ny

15.7 20.3 26.4 33.8 38.3 43.1 46.7 Figure 1 is a graphical representation
of the dissolution results obtained with Exanple 1, conparing the initial
di ssolution profile with the dissolutioP¥profile after 8 weeks storage at
~[err]. Figure 2 is a graplhheadbaveprsens atdtenniofedt latdtisphptiine profil e of
Conmparative Exarrplpg‘ 1A .co aéieng the initial di ssol ution Qrofi le with the
di ssol uti on profi T2%Ptds 8 RItRATPAGRA I 2188 AT MeEqtabls 378 negst &Bhi cal
representation ofpd R@réd SSAktdr @BoRddel bt €720hoGATRE! € cVendE¥ 8§ HeRadfbe
conparing the initiak dissolution profile with the dissolution profile

after 8 weeks st OPHYELBY: PefFImathe {Fop in ddsaoltiphimase aoBFrRaMnheHdveR. of
the dissolution pgghi | Eofic NP RG] | M4 o55@ TRbEankes, GAFPAMdnRIn {ddG1 b UH AL

conditions to form a stable product.l In view of this goal, th%‘
dissolution data after 72 hours at 60°C/85%RH pfovides too slow a
dissolution profile for theophylline.

Therefore, Example 14 was prepared in order to attempt to

' inprove the dissolution profile of the formulation via
incorporation of this new curing step, and the coating was
altexred in order to increase tha dissolution rate to 100%
theophylline dissolved in 12 hours.

Example 24 was prepared as follows. Theophylline powder
laydred beads were made as described in Example 13 and were then
overcoated with a plasticized Aquaccat® ECD 30 retardant, which,
and for this exawmple, included 10% HPMC (hydroxypropyl méthyl
cellulose). This was done so that the release of theophyllinz
would be faster than Example 13. The inclusion of HPMC to speed
up dissolution is known in the prior art. The retardant layer -
was also coated to a 6% weight gain in the Wurster column of the
fluid bed granulator.

The coated beade wexe then cured for 72 hours at §0°C/85%
relative humidity. A dissolution study wae conducted initially;
and once again after the beads were stored at 37°C/80% relative
humidity for three months. It was observed that the stability of
the dissolution of the theophylline from the formulation of
Example 14 improved dramatically compared to Example 13. It was
further obsexrved that by inclusion of HPMC in the retardant layer
in the proportions of Aquacoat® ECD 30 (solids):HPMC of 9:1,

coated to a 6% weight gain, the dissolution rate of the



di ssolution profile with the dissolution profile after 8 weeks storage at
[err]. Conparing the results depicted in Figure 1 (Exanple 1) with the
results depicted in Figures 2-4 (the conparative exanples), it is readily
apparent that only in Exanple 1 were the initial and 8 week di ssol ution
profiles substantially identical under storage conditions of [err], 23
Figure 5 is a graphical representation of the dissolution profiles of
Exanpl e 1, conparing the initial dissol3tion profile with the dissolution
profiles obtai nedopihBiti8n WREK Sncrk8560 o LITHAT tiedphP113 ne Odidisbi vas 14 1130M
tenmperature; [err]; and [err] dry). The dissolution profiles of Exanple 1
after 8 weeks und¥®Prehedhe \rasubs 289 fett At in dekall dp TadleHsbgheyial |y
i'dentical. Finally, Figure 6 is a graphical representation of the initial
di ssolution profiles obtained after vari augrgwsi ng conditions (curing of
2hrs at [err] dry (the prior art); 72hrs at [err] (Conparative Exanple 1);
24hrs at [err] (Conmparative Ex&dfle &AR- 24BEs er AR-RFy (Conpar at Fve

Exanpl e 1B); and {2hgs at [err] gry (Ggnmparghi ve gxanpl ¢4 C)) .
Initial

Storage at 13 31 60 94 100

37°C/80%RH
for 3 months

The examples provided above are not meant to be exclusive.
Many other variations of the present invention would be cbvious
to those skilled in the art.

* For example, although the present invention has been
described with respect to the most preferred hydrophobic polymer,
ethylcaellulose, it is centemplated that other hydrbphobic
polymers, such as other cellulcse derivatives, may also be useful
in conjunction with the present invention. such othexr -
hydrophobic polymers are considered to be within the scope of the
appended claims. _

Likewise, as previously explained, one skilled in the art
will recognize that necessary curing conditions may be change
somewhat depending upon the particular formulation (including ‘the -
amount of overcoating, the properties of the therapeutically
active agent, etc.), such that a stabilized product is obtained'
via a modified range with regard to temperature, humidity and
time. 8Such variations are contemplated to be within the scope of
the appended clainms.



EXAMPLE 2 - Curina at [err] Dry Heat - Longer Drying In Exanple 2,

hydr onor phone HCl beads were prepared in accorgiggg’!LLh,Exaﬁpfé’l I n order
to determine if the stabilized initial dissolution achieved curing at
[err] could instead be achieved by a | onger dryi ' M‘\ %ﬁ‘\ hum dity.
After coating Wth Aquacoat[err], a further over§ mm‘\? rr]

Y-5-1442, light pink is applied to the beads. The «coated p?oduct had t he

conmposition set forth in Table 12 bel ow?® TABLE 12 - Conposition After

Coating | ngredi enMEAT I8 CLAXNED IB8: Percent Ant/Unit Hydronor phone
beads 80:57% 84. 2ng Aquacoat[err] BCD 30 12. 06%
12.6ng Triethyl citrate - 2.39% 2.5mg Opadry[err] Lt. Pink

(Overcoat) 4.98% 1. 5.2 n8hc0BoP YbtaitiRhg3aEtihEl 1Agaacoiol ndat€ltkase
hydr onor phone KC beads were then cured in a [err] dry oven, and stored at

[err] dry heat. THEeX®UpEiemeaRRriRdpe eHFuRYFate OFEeS JErh 3 2qUA08E| es

containi ng the sPaEkidod MR nyakophid HAGHSr (QBapisady hydronmor phone
, an

preparing an aqueous dispersion of plasticized
ethylcellulose, '

preparing $ solid substrate conmprising a
therapeutically active agent,

] overcoating said substrate with a sufficient amount of
said aqueous dispersion of ethylcellulose to obtain a
predetermined céntrolled release 6f said therapeutically active
age;t when said coated substrate is exposed to aqueous solutions,

curing said coated substrate under stressed conditions

H by subjecting said coated substrate to a temperature greater than
the glass transition temperature of the aqueous dispersion ofg
ethylcellulose and at a greater than ambient relative humidity
and continuing the curing until an endpoint is reached at which
said substrate attains a dissolution profile which is

0  substantially unaffected by further exposure to storage
conditions of elevated temperature and/or humidity.

2; The method of clainm 1, furﬁher comprising determining
the endpéint for the formulation by é;posing the formulation -

5 which 1s uncured or substantially uncured teo stressed storage
conditions and obtaining dissolution profiles for the formulation
until the dissolution profiles of the formulation are '
substanpially stabilized.

0 3. The mathoed of claim 2, further comprising modifying the
formulation to obtain a desired dissolution profile of said

therapeutically active agent based on said end point.
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di ssol ution studies were then conducted in the manner set forth in Exanple
1 on three sanples at the:following tine points. _initial, 1 day, 2 days, 7
days, and 21 days in order to determine the stability of the dissolution
profile. Dissolution studies were conducted as mw ' ﬂ "the three
sanpl es. The nean results are set fokth in T bI'* mlﬂ Imlmm"E 13 N

Di ssolution (Time) Time (Days) - W (ng) 1 hr i2 Br ‘4 ht 8 hrS 2 hrs 18 hrs
24 hrs Initial 196.7 15.6 43.8 6877 89.9 101.0 109.2 113.8 1
196. 3 3.737.5 63,58 1234 2, tultiferScénprising preparifig 3

5.8 37.0 65,9 ba.g v I nppde 3 il g, e P87 3" 3. 5°37. 8
63.3 84.9 98.8 sald8sbetrddd Ox Xiral administrh@¥er8 by dqatdng@sadd 58.4 77.9

88.9 98. 2 103.1 Fromthe results set for in _Table_1 boy I.fyalS
apparent that a prGFeRFRFiSPLW aShIYS AIFH 8ﬁ%°et$3tsé'ro?°et RE é’aa%rr-ﬁ?%e?%#hly,

Exanpl e 2 occurr eghcepari@baddad dMd BrbperiRy Oh bANPAGIAGY ot @y Plutidy tay
condition of Exanple 1. In other words, an endpoint was not reached at

whi ch the di ssol lBufSAckanst pRantdsy ot SWFed 60148 boads frkAp eAPEdlanpl e 1.
Exanple 3 - Increased Mxing Tine In Exanple 3, another attenpt to
stabilize Aguacoat[err] coated hydronorphone HCO beads using the prem se
that high tenperature5. 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, further comprising ovexrcoating
gsald substrate comprising said therapeutically active agent with
a barrier agent prior to overcoating with said aqueous dispersion
of ethylcellulose. ,
7. The method of claim 6, wherein said barrier agent

comprises hydroxypropyl methylcellulose.

8. The method of claim 1, wherein said coated particles
are cured from about 60% to about 100% relative humidity at an
elevated temperature above the glass transition temperature of
the coating for about 48 to about 72 hours, until the endpoint is’
reached.

9. The method of claim i, wherein said therapeuticallx
active agent is selected from the group consisting of
antihistamines, analgesice, 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 ste;oids, antibiotics,

antihemorrhoidals, hypnotics, psychotropics, antidiarrheals,

-
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is not enough to insure conplete coal escence of the ethylcellul ose film
Normal tine of mxing (and bondi ng) plast|C|ze S

recommended by FMC to be 30 minutes. |n Exanp ﬂ Egiuﬁont act t| me of the

pl asticizer (triethyl citrate) with the et h))l di spersion
(Aquacoat[err]) was increased to 24 .hours. re prepared
I n accordance with Exanple 1 and then placed |n a 30 cc anber gl ass vi al
and cured in a [err] dry oven Di ssol 8i on studies were then conducted on
three 25 sanpl aﬁc&tytkég s2hhOWeBY ddcBRgditaltS, 1a§aa%xs, antd¥fus, 7 days
and 11 days. Mean results are set forth in Table 14 bel ow Dissol tion
(Time) Tine (Daysyivigimg) andhetmilentst hr 8 hr 12 hrs 18 hrs 24 hrs 1
210.7 27.7 53.3 77.3 95.7 103.4 108. 2 110.4 2 209.7
25.9 50.3 74.3 94.2 101.9 106. 4 110.2 7 209.7 24.8 48.3
73.1 95.2 102.7. 10805 frhelnethchlof claim 1, ¥WAéredn saddl Ehebapbuticdiby 94. 9
103.9 113. 3 115.9 Fromthe results set forth I n Tabl e, 14 above, it is
apparent that a pPSFbhAIERHWEaBRYRCERd (fEPRAhe PERWP BPRRifting 88| es of

hydromorphone, oxycedone, dihydrocodeine, code;ne,
dihydromorphine, morphine, buprenorphine, salts of any of the

foregoing, and mixtures of any of the foregoing.

- 21. The method of claim 1, wherein said therapeutically
active agent ies theophylline.

12. The product prepared according to the method of clainm

1.

13. The product prepared according to the method of claim
4.

14. The product prepared according to the method of claim
5. ”

= 15, A stabilized solid controlled release dosage form
conprising a substrate comprising a therapeutiéally active agegt,
gaid substrate overcoated with an aqueous dispersion of
plasticized ethylcellulose and cured at a temperature greatef
than the glass transition temperature of:-the aqueous dispersion
of the plasticized ethylcellulose and at a relative humidity
greater than ambient conditions such that the coated substrate
attains a stabilized dissolution profile substantially unaffected
by exposure to storage conditions of elevated tenperature and/ox

elevated relative humidity.

/
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Exanpl e 2 occurred, as conpared with the high teénperature/hi dlty
condi tion of Exanple 1. In other words, an endpe+ﬁ%—ma§‘ﬁ6fﬂg€55ﬁgb at

whi ch the dissolution profile gets down to the base. En“ee 1.
EXAMPLE 4 - Recommended Curing (Prior Art) Hydr@ mﬁm ‘%“ﬁ

prepared by di ssol vi ng hydr onor phone.HO in water adyy['err], and

m xi ng for about 1 hour, and then spraying onto 'nu pariel 18/ 20 beads using
a Wirster insert. The resultant coat ed B2ads were then overcoated with

Opadry Y-5-1442 |ight pgpk Tﬁl@éaw’ﬂvizeaThs:faeadﬁu\wia rhpasevassagat @anvbt h a
agueous di spersion of Aquacoat[err] to a 15% wei’ ain according to Table
15 bel ow. TABLE 15c}adgr 2% aherein said theravqnéilwgr ye agent Ag pYgycoated
Hydr onmor phone bea @gﬂﬁ ex

12.7 12d‘§ithos?5r‘%falq3§‘fer r sﬁe&s{l 'I'?loef?%):/ |c trat 39@% . Jei&ﬂ: %Qin

2.4 ng 99.9 . levelO#érem rpout tSetotdtmutesd peveantappl i ed to the beads t he
beads were cured in a fluid bed for about 2 hours at [err], as suggested I n
the literature and as recomended by FMC, since it is above the

17. The stabilized solid controlled release dosage form of
claim 16, further comprising an inert pharnaceﬁtioally acceptable
bead onto which =aid therapeutically active agent is coated.

18. The stabilized solid controlled release dosage form of
claim 17, wherein a plurality of said coated, cured beads are
placed in a capsule in an amount sufficient to provide an -
effective controlled release dose when contacted by an agueous

. solution,

19. ' The stabilized solid controlled release dosage form of
claim 15, wherein said therapeutically active agent ie selected
from the group consisting of aptihistamines, analgesics,
anti-inflammatory agents, gastro-intestinals, anti-emetics,
anti-epileptics, vasodilators, anti-tussive agents, expectorants,
angi-asthmatics, anti-spasmodics, hoxrmones, diuretics,
anti~hypotensives, bronchodilators, anti-inflammatory steroids, -
antibiotics, antihemorfhoidals, hypnotics, psychotropics, L

antidilarrheals, mucolytics, sedatives, decongestants, laxatives,

antacide, vitanins, and stimulants.

20. The stabilized solid controlled release dosage form of
claim 15, wherein said therapeutically active agent iz selected
from the group consisting of hydromorphone, oxycodone,
dihydrocodeine, cecdeine, dihydromorphine, morphine,

- buprenorphine, salts of any of the foregoing, and mixtures of any

of the foregoing.
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26 Tg for Aquacoat[err] pl asticized with triethyl citrate at 20% | evel of
solids. The cured beads—were then stored at roomtenperature, with

di ssol ution st ud| es. bej ed initially and at 3 nonths. Sanples were
al so stored at [?ﬂ“‘ Mmi} results are-provided in Table 16: Tine
h

Mean wt 1 hr r 12.hrs 18 hrs 24 hrs Initial 283.2
30.4 44 70.2 891 97.0 101.3 102.1 3 nos 282. 3 36.2 57.8
76.9 89.0 93.4 96. 6 98.5 [err]40RH 1 no 288. 4 0.5 26.7

210 922 o8 5 S S5 sorilchirgyes xefalye Fuoe Ful £ 3

80. 2 83.5 Fromiaha 1esuhéreipr eafiadepedapediithel ¥ Getbay egentt i€an be seen
that the dissolution profile of the sanples stored at roomtenperature were
accept abl e. Howev"é}ePl’i2 Ei@fssol uti on of the sanples slowed dramatically
when stored at [err] RH Sanples fromthe batch of Exanple 4 were
repackaged, stored and thereafter subjected to heat under dry conditions at
[err] and noisture [eRR] RHptabiThzediconkriodled yeteanq salidr dosnggyfaradion

oral administration, comprising a plurality of spitable inert
pharmaceutically acceptable beads coated with a therapeutically
active agent, and an ethylcellulose overcoat of a thickness
suitable to obtain a controlled release of sald therapeutically
actfbe agent when said solid dosage form. is exposed to aqueous
solutions, sald ethylcellulose overcoat being derived from an
aqueaous dispersioﬁ of ethylcellulose with an effective amount of
a suitable plasticizing agent, )

said ethylcellulose coated so0lid dosage form being
cured under stress conditions of elevated temparature and
humidity to attain a finished product which has a dissolution
profile which is substantially unaffected by exposure to ?torage
conditions of elevated temperature and/or humidity.

23. The stabilized controlled release solid dosage form of
cldinm 22 which is cured at a temperature above the glass
transition temperature of the plasticized ethylcallulose coating °
and at a relative humidity from about 60 about 100 percent for
about 48 to about 72 hours. ' =

24. The stabilized solid controlled release dosage form of
claim 22, wherein a plurality of said coated, cured beads are
placed in a capsule in an amount sufficient to provide an
affective contrélled ralease dose vhen contacted by an agqueous
solution.

________________________
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Table 17 below Tine Nbén wt 1 hr 2 hr 4 hr 8 hr 12 hrs 18 hrs

24 hrs Initial 283.2 30.4 49.0 70.3 89.1 97.0 101.3  102.1
[err] Dry 2 wks  283.2 25.0 44.4 65.0 84.5 92.9 100.7 104.4
4 wks 280.7 21.5 28.0 63.584.3 95.6 - - [err] RH 2

wks  283.2 - i iin®Cr P 89- 1 89.8 99. 8 103.4 4 wks
281.3 4.6 Hmuﬂ"ﬁﬂ“" IleHﬂlSZ 1 - - Fromthe results set

forth above, it is apparent st hat sunder #ky conditions at [err], the

di ssol ution of Exanpl @s4 dind stabd1i5&d s6O{E cbitroBad FALoRRIRN AL ASmAbE
[err] RH Thus, the conbination of both noisturé and heat was required to
conpl ete the curi RYLTERANPINErSiy s7dd (therapdndiesllycaqtiun agenbfispglpected

Stapi 11 2ing pl st FEr st TP e E L o8 St iy ibde, CoBBEPRS. OF ol e
5-7 were nmanuf act aneir lafldinakerye mgehts,c bastoo- tupeat beilseraititowmtics,

i anti~epileptics, vasodilators, anti-tussive agents, éxpectorants,
anti-asthmatics, anti-~-spasmodics, hormones, diuretics,
anti-hypotensives, bronchedilators, anti-intlamﬁatory steroids,
antibiotics, antihemorrhoidals, hypnotica, psychotropics,
antidiarrheals, mucolytics, sedatives, decongestants, 1axatives,.

antacids, vitamins, and stimulants.,

26, The stab#lized solid controlled release dosage form pf
claim 22, wherein said therapeutiéally active agent is selected
from the group_consisting of hydromorphone, oxycodone,
dihydrocodeine, codeine, dihydromorphine, morphine,

buprenorphine, salts of any of the foregoing, and mixtures of any
of the foregoing. '

27. The stabilized solid controlled release dosage form of
claim 22, wherein said therapeutically active agent is
thecphylline.

28. A solid dosage form comprising a core comprising a
therapeutically active agent and an overcoating derived from ;ﬁ
aqueous dispersion of ethylcellulose in an amount sufficient to
obtain a controlled release of said therapeutically active agent
when said dosage form is exposed to aqueous solutions, said solid
dosage form heing.cured after eaid overcoating is applied such
that the release of said therapeutically active agent is
substantially unaffected by exposure to elevated temperature

and/or hgmidity.

»
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I n each of Exanples 5-7, hydronorphone beads were nmade according to Exanple
1. Thereafter, overcoatings of 5% ww, 10%ww, and 15% w w were applied-to
Exanpl es 5-7 respectively;—according to the fornulas set forth in Tables
18-20: TABLE 18 5 After Coating Hydronor phone beads
84. 2% ”ﬂg[@ﬂmm ﬂl m err] ECD 30 4. 7%
4. 2nmg Tri et hyl .CI 9% 0.84 ng 100%

89. 24ny TABLE 19 - Corrp05|t|on of Ex. 6%After Coati ng | ngredi ent

- Per cent At 44 ni I\ MEQW ngipﬁ@dS aubstrﬁ:% 38fprising a
84. 2ng Aquacoat[err] ECD 3 8.4ny Tri et hyl
citrate t_t.xesexeeutically activp mf-lm%g a overcoating gleriygad fAELE“zo -

Conposi tion of t (04 qdi S ethylcellul BerSeR
Ant/Unit Hydr om)E?%p gﬁég 5’2%8 oh E (% . ethylce léth.ogfrgmAquacoat ECD 30

12. 7% sufZi6hentTte atbitwin @i t:ara:[relled release(oH%he therapeutic@li&ng

égg:)/(ézcat ors in a Ter?’fr%/eéklwt hrgrg %:%C el ﬁ%gteglliggd Io%ﬁwsa%re n % (rgays in
solutions such as gastric fluid, comprising subjecting the coated
substrate to curing at a temperature and humidit} level elevated
above normal, ambient conditions and for such a time period that
the coated substrate is rendered to a condition in which it
provides a release rate of said therapeutically active agent
which_is substantially unaffected during siorage by elevations~in
teﬁperature and humidity.

30. The method of claim 29, further comprising preparing
the coated substrate by applying said therapeutically active
agent onto the surface of a pharmaceutically inert bead, and
conducting the oven curing at a temperature above the glass
transition temperature of tha plasticized ethylcellulose coating
and a relative humidity of about 85% for a time pericd from about
48 to about 72 hours.

31. A stabilized sqlid controlled release dosage form
comprising a substrate comprising a therapeutically active agent,.
said substrate overcoated with a controlled release coating
derived from an aqueous dispersion of ethylcellulose which has
been stabiiized by curing at a temperature and relative humidity
elevated to a suitable level above ambient conditions for a time
period necessafy to obtain a final product which exhibits an in
vitro release of said therxapeutically active agent which is
sgbstantially unaffected by exposure to storage conditiqns of

elevated temperature and/or elevated relative humidity.

-
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b. these desiccators after the Aquacoat filmwas appli ed to the HPMC

over coat ed hydronmor phone HO bead. The desiccators 28 containing the
Aquacoat [ err]-coated beads were then placed in a [err] oven for 72 hours.
Thereafter, the batches were renoved fromthe ovens, The beads appeared
moi st and therefore were dri,ed in a Jab4$| ne f|UId bed er for one hour.
They were then over cSEABELIAEDHOW “w?hf dAPE SYUBBIX @ﬁﬁ&sllght pink in a
Wirster insert. Stabi A GQATING REREVEM Y DIRBFRHSIRL i niti al

di ssol utions to be the sane as K P9’0‘1"1‘@Ron sanpl es placed at [err]
RH conditions. The results are provi ded |n Tabl es 21 23 bel ow. TABLE 21
Di ssolution (Tine) - 5@6Aquacoat[ ARETRACTOP ('THS, RISCUAPURE) 1 hr 2 hr 4 hr
8 hr 12 hrs 18 hrs ti

03.8 0. 0 on, & BpAHiLkl oltg ¢ "“1"91%% ﬁelﬁzglg%%%geg rofd fivids 3

94. 6 96. 4 TABLEcAnDi datilveti frrom( h nejuecus] 8sparsdon 2t ethyjlcéllulose is

obtained by overcoating a substrate including a therapeutically

active with an aquecus dispersion of ethylcellulose and then
curing the coated substrate at a temperature and relative
humidity elevated to a suitable level above ambient conditions
until the coated dosage form attains a stabilized dissolution
p] ?rofile substantially unaffected by exposure to storage
conditions of elevated temperature and/or elevated relative

humidity.

FIGURE 1



Time (Days) W (nmg) 1 hr 2 hr 4 hr 8 hr 12 hrs 18 hrs 24 hrs Initial

200. 3 7.5 27.9 48.5 68.1 76.2 - 90.3 88.9 28 210

9.9 32.4 52.6 67.8 77.9 85.9 90.9 Dissolution (Tine) - 15%
Aquacoat[err] -Time (Days) W (nmg) 1 hr 2 hr 4 hr 8 hr 12 .hrs
18 hrs 24 hrs Initial 210 +5.4 13.9 38.0 57.8 68.4 78. 6
81.3 28 207. 3 9.5 23.8 43.4 58.8 67.8 77.0 81.3 In

Exanpl e. 8, Hydronor phone beads overcoat®® with 10% of the Aquacoat are
prepared in accordance with Exanple 6. -The hydronor phone beads of Exanple 8
have the fol lowing formila set forth in Table 24 hel ow 29 [err] To test
the effectiyeness of curing{at a Tower relative humdity cdnpared to
Exanpl e 6, tlhe above beads re cured fBF® hours at [err]} at 60%rel at}i ve
humidity (rdther than 85%RH). Sinilar ERchhgle resul ts were fobtai ned for
Exanpl e 8 ag§ conpared to Ex nd t at the curing ste

can al so be jconpleted-at a %ﬁ"%é?§(568"ﬁum '?'§§°flrﬂé°$esu| ts are set |
forth in Talle 25 bel ow Curing 72 hours 60°C/85% RH '

100 .

S0 1

)

80 -

Mean % Dissolved

. Initil - 8 Weeks
37°C/80% RH




TABLE 2 5 Dissolution (Tinme) - 10% Aquacoat[err] Exanple 1 hr 2 hr

4 hr 8 hr 12 hr 18 hr 24 hr Ex. 8 7.5 27.9 48.5 68. 1

76. 2 90.3 88.9 Ex. 6 1.1 18.9 45.0 65.0 76.0 85.8 91.5
EXAMPLES 9- 10 ‘Hydr onor phone HC beads were prepared nmade by spraying a
suspensi on of Hydronorphone HCO and Gpadry[err] Y-5-1442 |ight pink
(20%Vv w) onto nu-pariel 18/ 20 beads, in_accordance wth the nethod set
forth in Exanple 1. These beads were th@A®further coated with Opadry[err]
Y-5-1442 |ight pink (15% w w) . These beads were then further coated with
the Sureleas€[err] at a l-evel of 10% weight gain. The fornula of the coated

bead is set forth in Tabl e[26 TABLE 26 I ngredrent ng/ dose
Per cent Hydronor phone HJ . 4. FIRYRE 2 4. 32% NuPar i el
beads 18/ 20 74.0 ny Exompl§919&1% Opadry {l i ght pink

6.2 ny *  6.70% Sur el ease . . 8.4 ny

9.07 92.6 ny gmorphone HCI Dissolution

Curing 24 hours 60°C Dry

100
80 1
."\80.
704
°
2 60
@
K]
o 50
<N
§ 407
=
30 1
20
fﬂ
10 1
O T T Y T T T T T T T T T e T O o T T it r it
0 i 2 3 4 5 6§ 7 8 g 10 111 12
: Time ()
. -5 =
Initial 8 Weeks
37°C/80% RH




30 The batch was then divided into two portions. Exanple

[err] RH for 3 days (72 hours),
mnutes at [err] to dry off the excess noisture.
overcoated with 5% Opadry |ight pink

Di ssol ution studies were conducted (pur

Exanpl e 1)

storage at [err] RH The re

TABLE 27 -
4.7

56.0 8
77.2

9 was cured at

and then dried in a fluid bed dryer for 30
These beads were then

Exanpl e 10 was | eft uncured. Both
Exanples 9 and 10 were then filled into hard gelatin capsules at a strength
of 4 ng hydronorphone per capsule and stored for 3 nonths at [err] RH

®nt to the method set forth for

gain after the 3

nt h

37°C/80% RH

V.

ults are sef fQkth in Tabl es |27 and 28 bel oy
Exanple 9 3 Montps Initial at [err] RH{1
6.5 4 Example 1B 43.3
15.0 12
83. 19 TA‘EE‘YEI" 9§“°'6 @é% léch(?@s?)b‘rti%
Curing 72 hours 60°C Dry
100 -
80 1
I
80
~ z
70‘ :
'g <
-:.. 60 " =
L]
A 50
e .
§ 404 -
= /]
30 4
20" B
~ 10-
™
0
0 1 2 3 5 6 7 8 9 10 11 12
Time (i)
-8 %
. Initial 8 Weeks




at [err] RH1 1.6 4.5 4
12.0 61.9 8 47. 8

79.0 12 66. 7 87.7 The results
i ndi cate that despi.te the expected differences' in initial release rates
caused by the use of a different aqueous dispersion of ethylcellul ose
(Surel ease[err] as conpared to Aquacoat[err]), the curing step as descri bed
above for Exanple 9 still 'significantly4¢g6éabilized the product in
conparison to the uncured product of Exanple 10. The relatively faster
controlled release rate of the Exanpl es using Aquacoat[err] -as-—eespar-ed to
Surel ease[err] _may be due to the |esser deqree of plasticization during the
preparation @f the coating frmulation. _However, 31 products using

ei ther coating may be modifikd to obtai nF3Fdfactory resul §s. EXAVPLE 1]
The follow ng exanple ¥llustfates the sﬁ)a-_hmptezatd)on of norphi ne beads in

accordance with the present n%io?ﬂorphone HCI Dissolution
Curing 24 hours 60°C/85% RH

100

90 -

Mean % Dissolved

y

Initial 8 Weeks
37°C/80% RH




A suspensi on of norphi ne sul phate and HPMC (OQpadry[err] O ear Y-5-7095) was
applied onto 18/ 20 nmesh Nu-pariel beads in a fluid bed granulator with a
Wirster columm insert, at [err]. A HPMC purple col or suspension
(Opadry[err] lavender YS-1-4729) was then applied as an overcoat at -the
same tenperature. The beads were then:.overcoated to a 5% weight gain with
Aquacoat and triethyl citrate as a plasticizer at-[err] inlet. The beads
were then cured in an oven at [err] rel a®f6ve hum dity for three days. The
beads were then dried in the fluid bed granulator at [err], and an overcoat
of HPMC wi t hma-purp > —1he
beads were then filjed into hard gel ati AT@8pSul es at a strengthjof 30
nmor phi ne suf phate per capsul e. The final f%rﬁul a, set forth in Table 29
t hus becane| TABLE R9.Mor phi ne sul phdt¥mMet& | 30.0

8.51% Nu-pafi el beafls 18/ 20 Hydromorphone2bfl Dissolution 72. 3694 Opadry

Cl ear Y-5-7095 260 o ltavender
YS-1-4729 . Affer 8 Weeks Si?ﬁ@%AﬂLé%’igﬁéeﬁ’r ?"é@@ sl i ds)
15.8 4.4B% Triethyl citrate 3.2

6

0.91% Opadry Lavender—¥—S—31—4729 176 4-0081352. 4
100% 100 -

704

60 -

50 1

Meon % ‘Dissolved

o 1 2 3 4 5 10 11 -12

—_ ~+- *-
Initial - 8 Weeks 8 Weeks 8 Weeks
. Room Temp 37°C/80% RH 60°C Dry

6§ 7
Time ()




An initial dissolution of the capsul es was conducted using the USP paddl e
nmethod at 100 rpmin 900 mM of water, and again after storage at [err]

relative humdity, and at 60 C dry for one nonth. It was observed that a
stabl e product .was. made. The results are set forth in Table 30: 32
Percent Mrphine Dissolved [err] RH: [err] Time

after after Initial 1 M 1 M1

15.7 16.6 - 15.3 4 53.0 51.4
54.9 8 84.4 83.3 €/6 90.4 12 96. 5
94. 4

described in
applied to a
product. The|"
| ngr edi ent

100

96.9 A second experinent was conducted w th norphine as

Exanple 11, _however _the retardant Aguacoat[err
15@6me|ght galnto develoF a_slower releasinjg norphine
final forjmulation is sét fh in Table 31: [TABLE 31

Y ‘My/ capsul Exampl@eftcent
Initial Hydromorphone HCI Disselution
After Various Curing Conditions

0 i 2 3 4 5 6 7 8 9 10 1. 12

Time (hr)
Prior Art Exampls 1 Exampls 1A
8- 2 hrs 80°C Ory '%- 72 hrs 60° C/85% RH *’24 hrs 60°C/85%R

Exomple 1B Example 1C
1 24 hes s00C oy ‘k 72 bes 60°C Ory .




Mor phi ne sul phate [err]

18/ 20 255.0

qbr b—l

15.0 3. 82%

Triethyl citrate

65. 0% Opadry]|
. E erids BeEdemder YS-1-4729
4. 03% Aquacoat [ er‘;ﬁ? LA(?E@I i ds) {

Lavender Y-S-1-4729

439.5

19.6 5.00% 3

di ssolution of the 30 ng norphi ne sul phate capsu

r

REFLASGENIRNT pBIFS bedls
ddescrigar WB2Feog0 paged
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O ABst#200 Quzegey [.erto] paged
D2. 3 100% An initial
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Di ssol ved Ti ne

The resa“bﬂﬁalﬂveoisﬁkrlf BEads t:Gat-%ﬁb\'Aﬁth?’gn RpiaY TPa?éfs‘F@ts%rlHthe

Initial

After 1 Mo beads incorporatetidntd said formulation in &n amount sufficient to prévide

04 18. 1 194 17.8 8 49. 2
49. 4 a desired therapeytic sffect, 66 3 68. 2
65. 9

a barrier layer over said beads coated with said opioid analgesic,

said barrier layer comprising hydroxypropylmethylcellulose,

a controlled release layer over said barrier layer comprising an

aqueous dispersion of plasticized ethyicellulose in an amount sufficient to
obtain a controlled release of said opioid analgesic when said formulation
is exposed to an environmental fluid, said controlled release layer being
cured to a temperature greater than the glass transition temperature of the
aqueous dispersion of the plasticized ethylcellulose for at least about 24

hours.

33.

said controlled release layer to a weight gain from about 2 to about 25%.

The formulation of claim 32, wherein said substrate is coated wi’_ch

34.

beads are placed in a capsule in an amount sufficient to provide an

The formulation of 32, wherein a plurality of said coated, cured

effective controlled release dose when contacted by an aqueous solution.

35.

further comprises a release-modifying agent in an amount effective to

The formulation of claim 32, wherein said controlled release coating

modify the rate of release of said opioid analgesic from said cured, coated

substrate.

36.

opioid analgesic, comprising:

A method for obtaining an oral controlled release formulation of an

coating pharmaceutically acceptable inert beads with an opioid

analgesic;

* [ L M s *
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33 EXAVPLES 13-14 In_Exanple 13 -the applicability of another nedicanent,
t heophyl | i ne, "having very different physical properties conpared to

hydr oror phone i EhiscShea Hast B -1a°°1‘h'.eophyl | i ne hydrous an Horgat—si oo
di oxi de were firs Em‘ner in a high shear m xer W$1§HEEf&P§dBE§r
a Jet sieve to e I ity. Usigg a fluid bed granul BEBAGEBui ppe
wth a rotor processor, sugar spheres were |layered with the

t heophyl | i ne/ col | oi dal silicon dioxide mxture using a PVP (C 30) solution.
Layering was contj nued until_.an apprqxi nately 78% | oad s _obtained. The
For mul a of the- A8bRGarseBoRINNG naakeRRaCRn SHER | A1 BARTAT: Jovery GATEBNTIB0, o
forth in Taphgy SplPhétAVicelldYskE 33 My/unit capsul es Theophyiline

hydr ous Wy@é’b?yp? p{l Vice " 440.0 (equivalent to 400 ng anhydrous

t heophyl | | ne) Coltheteafter sapplying aliconirdéied release layer onto said beads, $aid Sugar

spheres 30/ 35 rre?h .. 10.0 PVP (C30) 563..9,
controlled release layer comprising a sufficient amount of a plasticized

=
«Q

"

ethylcellulose to obtain a predetermined controlled release of said opioid
analgesic when said coated beads are exposed to an environmental fluid,
said plasticized ethylcellulose being applied to said beads as an aqueous’
dispersion;

curing said controlled release layered beads at a temperature greater
than the glass transition temperature of the aqueous dispersion of
plasticized ethylcellulose for at least 24 hours, and

thereafter optionally applying a second barrier coating to said
beads.

37. The method of claim 36, further comprising preparing said
substrate for oral administration by placing a sufficient quantity of cured

coated beads into a gelatin capsule.

38. The method of claim 36, wherein said barrier agent comprises

hydroxypropylmethylcellulose.

39. The method of claim 36, further comprising applying said controlled
release coating onto said beads to a weight gain from about 2 to about
25%.

40. The method of claim 36, further comprisihg including a release-
modifying agent in said controlled release coating an amount effective to
modify the rate of release of said opioid analgesic from said cured, coated

beads.

\
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These spheres were then overcoated with a di butyl sebecate plasticized
Aquacoat [ err] ECThiSsheét¢lasBedRRépldeq @ 5% wei ght gain in the Wirster columm in
ail 100% rel ati ve hum

a fluid bed granul n of the spheres was_.not. anot her
portion was store
following results se t ab) e 34 gaer e obt ai 3 hr

:
| 1REPLAGED2 hr |
4 hr 6 hr 8 hr 24 hr Initial (uncured) 9.0 : ; ' .4
97.8 98 O 100.0 72 hour s at 5.3 7.0 7.9 11.0
was_ det.er m ned, t hat

th
éL ﬁeéphyl i né" éer r o??]'éj &85'?@&3% fsle : a?g\égp[aém ceroprising ﬁotp"é’f’ﬁm ffand
need to be %Ha?ﬁracéﬁinééllﬁh@éé’&%blﬂ .r7e¥t BeHas c?:taté&rvhlh??ﬁ é@% Rdsté,

hum dity, a dramatic drop in dissolution rate occurre ver,
condi ti ons rs@id fommglationi cosnprising ,an amomeruf saidi bahts csurffumgntd:ocprbwdes to

f t abl .o0d I t hi dS$O|UtI n data after 72
our's.at [ er PO BHfest PR ra T dathrads orally ssIRSIasRd bR ne.
Therefore, ReiMidadtcdaodP Wit &l | hididd Bhalgsie! bEIHY ovBrcoated with a

barrier layer comprising hydroxypropylmethylcellulose, said barrier coated

ph— AT

ITiyS FOHEET HASOBEEN | The
ed:

beads being coated with a controlled release layer of plasticized
ethylcellulose in an amount sufficient to obtain a controlled release of said
opioid analgesic when said formulation is exposed to a gastrointestinal
fluid, said ethylcellulose being applied to said beads as an aqueous
dispersion, said coated beads being cured at a temperature greater than
the glass transition temperature of the aqueous dispersion of plasticized
ethylcellulose for at least about 24 hours, to cause individual
ethylcellulose particles in said coating to coalesce ahd to gradually slow
the release of said opioid analgesic when said formulation is exposed to
aqueous fluid, until an endpoint is reached at which said cured coated
substrate, when subjected to in-virtro dissolution, releases said active
agent in amounts when do not vary at any time point along the dissolution
curve by more than about 20% of the total amount of active agent

released, when compared to the in-vitro dissolution of said coated beads

prior to curing.

42. The formulation of claim 41, wherein said cured, coated beads
provide the same rate of release immediately after curing to said endpoint,
and after subsequent exposure to accelerated storage conditions of one

month at a temperature of 37°C and at a relative humidity of 80%.

43. The formulation of claim 41, wherein said cured, coated beads

provide the same rate of release immediately after curing to said endpoint,

* C L M s *



| mprove the dissolution profile of the fornulation via incorporation of
this new curi ting was altered in order to increase the

di ssol-ution rate to 100%th m yI | i ne dissolved in zm@Ler%ET E@N 4 was

prepared as f%l l“ ne powder |ayered bedds vvehg
described in then oyggcoated witlh a p g’t zed

Aguacoat [ err] ECD 30 ret ardant whi ch, and for this exarrpl e, included 10%
HPMC (hydr oxypropyl nethyl cel | ul ose). This was done so that the rel ease of
t heophyl | i ne ul.d be faster than Exanple 13. The inclusion of HPMC to
speed up di s@'\ﬁ) @ftes rsykseaHBNh eXposye ,que@,rqteg siosage CANGIIANg 9§ Ane)as

al so coated hﬂm tﬁﬂa' uid bed
granul at or. r}eﬁgﬂg%ﬁt \é% rg@ﬂ&&fe@‘gﬁn%&%% gﬂ?‘h‘éﬁiy BP%s[t}é”] relative
hum dity. A di ssol ut i on study was conducted i ni t ially, and once again after
t he beads we err] relative humdity for three months. |t was

observed t h t he '%? g%""!“l‘ P°Bf°ft9lﬁ'"lil4§sdhﬁrpt§hs@ﬂ qandralledsigase; ¢ratintom t he

fornul ation ;gf, 3. It
was further 'gbsp?ﬁ g?'fﬁat y Pﬁ\é usl oﬁ%g %We@?\%ﬁgﬁoﬁ&%ﬁ a@eﬂo in

t he proportisbsutd@@s%quacoat[err] ECD 30 (solids) :HPMC of 9:1, coated to a
6% wei ght gain, the dissolution rate of the

45. The formulation of claim 41, wherein a plurality of said coated,
cured beads are placed in a capsule in an amount sufficient to provide an

effective controlled release dose when contacted by an aqueous solution.

46. The formulation of claim 41, wherein said cured, coated formulation
when administered orally provides effective blood levels of said

systematically active opioid analgesic for about 24 hours.

47. The formulation of claim 41, which includes a controlled release
coating sufficient to obtain a controlled release of said opioid analgesic
when measured by the USP Paddle Method at 100 rpm at 900 mi
aqueous buffer (pH between 1.6 and 7.2) at 37°C from about 12.5% to
about 42.5% (by wt) opioid analgesic released after 1 hour, from about
25% to about 55% (by wt) opioid analgesic released after 2 hours, from
about 45% to about 75% (by wt) opioid analgesic released after 4 hours
and from about 55% to about 85% (by wt) opioid analgesic released after

8 hours.

48. The formulation of claim 41, wherein said controlled release coating
further comprises a release-modifying agent in an amount effective to
modify the rate of release of said opioid analgesic from said cured, coated

substrate.
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35 formul ati op—was—ncreased to l"OO%theophyI |l ine dissolved in 12 hours.
The results are seéheﬁﬁ‘istﬁyﬂi,mepdeadail in Tabl e 35 below. TABLE 35 1 hr 2 hr

4 hr - 8 hr 15 , ! 17 38 68 97 100
Initial Storage e‘ \‘ Bﬂmg 31 60 94 100 [err] for 3
mont hs The exanpl ove are ggt neant to be exclusive. Many
ot her variations of the present ihvention would be obvious to those skilled

in the art. For exanple, although the present invention has been descri bed
wi th respect, to e st preferred drophobi ¢, pol yner, ethylcellul gse, it
i s contenpl &%d }ﬂﬁ%%ﬁamreﬁhﬁg{@ ;fgﬂyn‘ﬁﬁg‘:% shrowides Jthegapeutially os e
derivatives, Al f L ' £ ki < 40 il tion.
Such ot her k?;f/ ro';‘)'%o Iiagaggﬁlﬁe&ss%?egcggﬁﬁag‘%?% apdgbgeéé/}mskdh%ﬁagﬁge'cs‘@))ﬁgg of

t he appendeddahinisteredLodatiyifor abaat pRehourssl y expl ai ned, one skilled in the
art

50. The formulation of claim 41, further comprising a second barrier

layer overcoated on said controlled release coating.

51. The formulation of claim 50, wherein said second barrier layer

comprises hydroxypropylmethylcellulose.

52. The formulation of claim 32, wherein said coated substrate is cured

for a time from about 24 to about 72 hours.

53. The formulation of claim 32, which includes a controlled release
coating sufficient to obtain a controlled release of said opioid analgesic
when measured by the USP Paddle Method at 100 rpm at 900 ml
aqueous buffer (pH between 1.6 and 7.2) at 37°C from about 12.5% to
about 42.5% (by wt) opioid analgesic released after 1 hour, from about
25% to about 55% (by wt) opioid analgesic released after 2 hours, from
about 45% to about 75% (by wt) opioid analgesic released after 4 hours
and from about 55% to about 85% (by wt) opioid analgesic released after
8 hours.

54, The method of claim 36, wherein said curing is conducted for a

time from about 24 to about 72 hours.

55. The formulation of claim 41, wherein said coated beads are cured

for a time from about 24 to about 72 hours.
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substrate coated with n aqueous di spersion of eth
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control | edoriprisirg of said ther apeutically active agent when said coated

substrate is exposed to agueous solutions, curing said coated substrate at
a tenperature BreRarag a ﬁahd sHbsHate;somprsiG a therapayticaliviactive agert, aqueous

i sper ston of Sulicaehbsare Atko 2wl & R ool OBy AU RaBBILO

about 100% St He curihg u an endp0| nt 1's reac
said Curedis‘b@?’éléﬁ 6t hsihsBéiced  OthyiHutbse to obtain a predetermined controlled

release of said therapeutically active agent when said coated substrate is

obt ai ni

exposed to aqueous solutions,

curing said coated substrate at a temperature greater than the glass
transition temperature of the agueous dispersion of ethylcellulose and at a
relative humidity from about 60% to about 100%, and continuing the curing
until an endpoint is reached at which said cured coated substrate provides a

‘stable dissolution profile.

2. The method of claim 1, further comprising preparing said solid substrate
for oral administration by overcoating said therapeutically active agent onto the
surface of pharmaceutically acceptable inert beads, and after overcoating and
curing said beads, preparing an oral dosage form by placing a sufficient quantity
of cured coated beads into a capsule to provide a therapeutic effect when

administered.

3. The method of claim 2, wherein said coated beads are coated to a weight

gain from about 5 to about 15 percent, and are thereafter cured for about 48 to

about 72 hours, until the endpoint is reached.
This Sheet Has Been RTlaced

5. The method of claim 1, wherein said substrate comprises a tablet core.

4.,  The product prepared according to the method of claim2.

6. The product prepared according to the method of claim 1. REPLACEMENT SHEET
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stabte dissol ution profile. 2. The nmet hod of R]jBLACE}/ﬁ*i\L{ri;HEE[‘vorrpri si ng
preparing said solid substrate for oral adm ni gt ating said

t herapeutically active agent onto the surface (f p y
acceptabl e inert beads, and after overcoating and Ads,

preparing an oral dosage form by placi nggg@ suff cured
coated beads into a capsule to provide a therapeutic effect when
adm ni stered. 3. The met hod of claim 2, wherermsard—Toatred—bPeads are

coated to_a we n fr abo t to about 15 percent e

Cher cat t 67~ cur GSr wbthg &1 BTG aitier> CogY S ﬁ&vpercqaﬁglgeﬁaw[)-%bsr@te

r eached. u ShEE di e a'?'??og

The net hoglo'gf) "-(%F% %a%ql %eerrgfél n sa?ﬁdaa%ﬁlgét ra th g{ gghhr étiémgr Oiqéﬁt

The produotvenoatiagedithaaid djugots dispersien m¢tWIcellmose 1. -37- 7. The
met hod of claim1, further conprising overcoating said substrate conprising
said therapeutically active agent with a barrier agent prior to overcoating
wi th sai dgaque hyl ¢ e.

7, wherei ﬁ sai g“%a%?gr%%gg)ﬁt q"rcl%'m rﬁée%hg}cﬁ 0X saﬁiopy?mrr%t Ei%cel I %m@'@bg‘
The et hoﬁygfo)@lpa@mnmemalu]bgeal d therapeut ically active agent is

9. The method of claim 1, wherein said therapeutically active agent is
selected from the group consisting of antihistamines, analgesics, non-steroidal
anti-inflammatory agent's, gastro-intestinals, anti-emetics, anti-epileptics,
vasodilators, anti-tussive agents, expectorants, anti-asthmatics, hormones,
diuretics, anti-hypotensives, bronchodilators, antibiotics, antihemorrhoidals,
hypnotics, psychotropics, antidiarrheals, mucolytics, sedatives, decongestants,

laxatives, vitamins, and stimulants.

10. The method of claim 1, wherein said therapeutically active agent is
selected from the group consisting of hydromorphone, oxycodone,
dihydrocodeine, codeine, dihydromorphine, morphine, buprenorphine, salts of

any of the foregoing, and mixtures of any of the foregoing.

11. The method of claim 1, wherein said therapeutically active agent is

theophylline.
12. The product prepared according to the method of claim 1.

13. A stabilized solid controlled release dosage form comprising a substrate
comprising a therapeutically active agent, said substrate overcoated with an
aqueous dispersion of plasticized ethylcellulose and cured at a temperature
greater than the glass transition temperature of the aqueous dispersion of the

plasticized ethylcellulose and at a relative humidity from about 60% to about

\
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sel ected fromthe group consisting of antihistam nes, %
non-steroidal anti-inflanmatory agents, gastro-intestinals, anti- '
anti-epileptics, vasodilators, anti-tussive agents, exp iSJIeﬁmfaeSBeenRe Iaced
anti-asthmatics, hornones, diuretics, anti-hypot ensi ves,

anti biotics, antihenorrhoidals, hypnot | G5 Ppsychotropjcs @
mucol ytics, sedatives, decongest ants, laxatives, vitam ns

10. The nethod of claim1l1, wherein sal d therapeut ically act | ve agent S

sel ected f,r the group nsi st.in ydro hone oxycodone

di hydr ocod@Y; ge"i"hee" 9i0t s P eatn’b' bﬁ‘ﬂi%/eénGPﬁFﬁ%es”Qséﬁtg of
any of thff.Jr \gagg(y Ieaaigsmbgr any of the. foregm ng. 11. The

met hod of "¢ ere| n sal therapeut ically active agent is

t heophyl | i ne 12 A stab| lized solid controlled rel ease dosage form

conprisin strate, |S|n a therapeutically active agent, said
subst r at eg|6'ver i’\m 'da&B oledirelease idasage faras of Glaigy 13, wherein

ethyl cel | ‘éé&g?w%ﬁgeﬁﬂéﬁglu%t ife SBRRE i ayeFodted | ith! S8 ddibols BT . O

t enper at ur aque 3l oh of Ias i Cl ze | Ce ose and.

at a rel akethycblulose ty af welghtlgdin I&dfigm db@ut 5 to abdut 15Q9él'd§ﬁ1i.| an
endpoint is reached at which said cured coated substrate provides a stable

di ssol ution profile.
15. The stabilized solid controlled release dosage form of claim 14, wherein

said substrate further comprises inert pharmaceutically acceptable beads onto

which said therapeutically active agent is coated.

16. The stabilized solid controlled release dosage form of claim 15, wherein a
plurality of said coated, cured beads are placed in a capsule in an amount
sufficient to provide an effective controlled release dose when contacted by an

aqueous solution.

17. The stabilized solid controlled release dosage form of claim 13, wherein
said therapeutically active agent is selected from the group consisting of
antihistamines, analgesics, non-steroidal anti-inflammatory agents, gastro-
intestinals, anti-emetics, anti-epileptics, vasodilators, anti-tussive agents,
expectorants, anti-a.sthmatics, hormones, diuretics, anti-hypotensives,
bronchodilators, antibiotics, antihemorrhoidals, hypnotics, psychotropics,
antidiarrheals, mucolytics, sedatives, decongestants, laxatives, vitamins, and

stimulants.

18. The stabilized solid controlled release dosage form of claim 13, wherein
said therapeutically active agent is selected from the group consisting of
hydromorphone, oxycodone, dihydrocodeine, codeine, dihydromorphone,

morphine, buprenorphine, salts of any of the foregoing, and mixtures of any of

the foregoing. ' REPLACEMENT SHEET
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13. The st abi IREEBAEBMTC ’L | ed rel ease dosage formof claim12,

wherein said the .o-l |caIIy attive agent is overcoated wth said aqueous

di spersion of qt yI E‘%Wt wei ght gain |level fromabout 5 to about
St | zed

15 percent. 14. olid controlled rel ease dosage form of
claim 13, where n S3 rat e \f urt hergggonpri ses inert pharmaceutically
accept abl e bead onto whi ch_saidltherapeutically active agent is coated.
15. The stabiltzed=sol1d controll ed rel ease dosage form-of claim 14,

wherein a i d coated, red beads are placed,in capsule in

an anount %ufflé‘iee%tta%!llfea %thdE%\Wlé‘F‘r delepse ge Jormy of glainy d 3 wbergian

contacted [ bilized solid controlled
Qﬂélﬁﬂ’fé?or AR Ixséﬂtwe nti8 the rﬁl‘ﬁ/

rel ease dosage fr laim1 vvherel therapeut ically active agent
Is selected fromthe group conS| sting of antihistan nes, anal gesics,
non- st er oi dal ant I -inflammat ory agents astro- intesti naI S. anti-enetics,

anti - epi | @%i c siahilizad &PBF’@"e‘arfﬁleﬂFEs%‘ﬁWe dagegn Jormaxioscergl administration,
anti - ast h%iﬂ&ﬁ’%m% H%Wg'lft?l of me\"{ ﬁhhﬁﬁac tﬁﬂ:t Ilyk%%:ntp%ﬁ Veuds coa ed with a

bronchodi I'a I'CsS, aorTH ypnotics, psyc ot ropi Cs,

ant i di ar r hieevapeutiusity Ydctive, agedﬂt aMeSovdeoaﬂﬂEahnnt &n h@u@dus/@sperstowndts
and stimulants. 17. The stabilized solid controlled rel ease dosage form of

cl ai m 12, Plasdicized etiwtpetllmsmpmte "tbiakngsestfeoﬁvagembtai@ e@petrp&ed release od
ro con onm hone codane rocod ._codei ne

0 by tir oo BBt S eRBuHHAR SRR B Rdent i 9381 sBlYSdgHEROFMT o7 RO, g0
and m Xt UgEe8iis 3Blufibng, hQaHOBQGFHdaQed beads included in sald formulatlon in an

amount sufficient to provide a desired therapeutic effect,

said overcoated beads cured at a temperature greater than the glass
transition temperature of the aqueous dispersion of | plasticized
ethylcellulose and at a relative humidity from about 60% to about 100%,
until an endpoint is reached at which said cured overcoated beads provide

a stable dissolution profile.

21. The stabilized controlled release solid dosage form of claim 20, wherein
said beads are coated with said aqueous dispersion of plasticized ethylcellulose
to a weight gain from about 5 to about 15 percent, and said beads are thereafter

cured for about 48 to about 72 hours, until the endpoint is reached.

22. The stabilized solid controlled release dosage form of claim 20, wherein a
plurality of said coated, cured beads are placed in a capsule in an amount
sufficient to provide an effective controlled release dose when contacted by an

aqueous solution.

23. The stabilized solid controlled release dosage form of claim 20, wherein
said therapeutically active agent is selected from the group consisting of
antihistamines, analgesics, non-steroidal anti-inflammatory agents, gastro-

intestinals, anti-emetics, anti-epileptics, vasodilators, anti-tussive agents,
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18. 'The st abitizet——soH-d—coentroll ed rel ease dosage formof claim12,
wherein said th;‘ahr. eutically active agent is theophylline. 19. A
stabilized contr@ 9 laged) i dosage formfor oral adm nistration,
conprising a pl u;i H ﬂ [ pharmaceutically acceptabl e beads coated
Wi th a therapeuti [ agent, angpvercoated with an aqueous

di spersion of plasticized ethylcellulose to a thickness effective to obtain
a controlled release of said therapeutically active agent when said so:ig |
dosage forg.i xposed .t o agueous sol ytions, said. avercoated. beads incl ude
n eard f oRReFtarARe” F df-SetHiRties.r 1 RerBRneso oS -Pugotensies;

t her apeut beordHoRiifatorsdi Carftisio6iesit ednbiRasorididals 2t HyphBties! a,tdé%hgfr%siesr,
than the glass transition tenperature of the aqueous dispersion o _

pl asti ci zedtidiangheald, | musolytios] sedatives| adécongestands; Jaxatovesabeitamieo and
about 100%. ur?til an endpoint is reached at which said cured overcoated
beads pro#'ﬂ'&‘ NSt abl e dissolution profile. 20. The stabilized controlled
rel ease solid dosage formof claim 19, wherein said beads are coated with
sai d aqueous di spersion of plasticized ethylcellulose to a weight gain from
about 5 t @4aboiThelstapidizednsglidandnirelled reledse alosagb cfioeml b€ rclainy @0, f whesdinut

48 to about, 72 hours,, uptil the endpoint is reached. 21. The stabilized
solid confAld |tharansutically qactive. 3aant, it seleqtad 1 romyntheejgroup consisting of

hydromorphone, oxycodone, dihydrocodeine, codeine, dihydromorphine,
morphine, buprenorphine, salts of any of the foregoing, and mixtures of any of .

the foregoing.

25. The stabilized solid controlled release dosage form of claim 20, wherein

said therapeutically active agent is theophylline.

26. A solid dosage form comprising a plurality of inert pharmaceutically
acceptable beads comprising a therapeutically active agent overcoated with an
aqueous dispersion of ethylcellulose to a weight gain sufficient to obtain a
controlled release of said therapeutically active agent when said dosage form is
exposed to aqueous solutions, said solid dosage form being cured after said
overcoating is applied at a temperature greater than the glass transition
temperature of said aqueous dispersion of ethylcellulose and at a relative
humidity from about 60% to about 100% for a time period from about 48 hours
to about 72 hours, until said cured coated dosage form exhibits a stable in-vitro

release of said therapeutically active agent.

27. The solid dosage form of claim 26, wherein said beads are coated with
said aqueous dispersion of plasticized ethylcellulose to a weight gain from about

5 to about 15 percent.
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a.plurality of sai d coated—eured _beads are pl aced L
amF))unt suf fi ci enthi§ s},earagyé de_an ef fective controll JE@E&Q@@M& SEEEJ e
contacted by an. a d 22 The stabilized solid contro]lkd

rel ease dosage fo ’ , wherein said therap¢uty sHdp/ 1Bt i Yej agent
Is selected from | st;i ng ofgganti hi st ari es, anal gesi ck,

non-steroi dal anti-i nf I anmat ory agent S, gastro- inte —engtics,
anti-epileptics, vasodilators, anti “tussive agent S, - 40- expect or ant s,

anti-asthpatic y nmnes, d| ur t| c,s, ntj - ot ensi ves

br onchodi Egtori-hea‘?fﬁﬁ p33ge, | orgp, bi'WheEsi RW&P?&‘] b5§9%t?<5? ed s
antidiarr I t q?@ﬁ \, tl'ffll'ﬂ]i VI tam ns,
and stinu gﬁt’%mﬁ%sﬁjr#ﬁef%o% | Ze (f%% o?tdg?%@ﬁts?o Q'Wﬁe(%‘; ‘age form of
claim19, wherein said therapeutically active agent is sel ect ed fromthe

group consisting of h dr onor phone, oxycodone, di hydrocodei ne, codei ne,
di hydrom)sléghl ndhengol M?éagﬂuf]ﬂr@hﬁifrﬁ{?'ﬁe 26, mherein saigl therapeutieallygartive

|l ed
ol case aedenbls 8Blkobd iin MbCHBocotsletnd 0%, Aliiiktertits: ByaiiesRY. iankn
i s theophgtdrbnﬁl Zmti- .rﬁlamtna@bﬁosagentsorr@a‘sifmrntasmala Plamtipémbticsf iangt

phar maceutical |y
epileptics, vasodilators, anti-tussive agents, expectorants, anti-asthmatics,

diuretics, anti-hypotensives, bronchodilators, antibiotics, antihemorrhoidals,
hypnotics, psychotropics, antidiarrheals, mucolytics, sedatives, decongestants,

laxatives, vitamins, and stimulants.

30. A method of stabiliztng a substrate comprising a therapeutically active
agent overcoated with an aqueous dispersion of plasticized ethylcellulose in an
amount sufficient to obtain a controlled release of the therapeutically active
agent when the coated substrate is exposed to aqueous solutions, comprising
subjecting the coated substrate to curing at a temperature greater than the glass
transition temperature of said aqueous dispersion of plasticized ethylcellulose
and at a relative humidity from about 60% to about 100%, for a period of time
necessary to obtain a final product which exhibits a stable in-vitro release of said

therapeutically active agent.

31. The method of claim 30, further comprising preparing the coated
substrate by applying said therapeutically active agent onto the surface of a

pharmaceutically inert bead, and conducting said curing step by oven curing.

32. The method of claim 30, wherein said therapeutically active agent is
selected from the group consisting of antihistamines, analgesics, non-steroidal
anti-inflammatory agents, gastro-intestinals, anti-emetics, anti-epileptics,
vasodilators, anti-tussive agents, expectorants, anti-asthmatics, diuretics anti-

hypotensives, bronchodilators, antibiotics, antihemorrhoidals, hypnotics,

B L e




ac_cepi abl e beads conprising a therapeutically active agent overcoated with
an aqueous dispersion of ethylcellulose to a wei ghty,gaid 1B Bleh Rbfdttd t O

obtain a controlled rel ease of said therapeutically. ' en said
dosage formis exposed to aqueous solutions, said so‘lv mm m bei ng
cured after said overcoating is appliedgf a tenpera han t he

glass transition tenperature of said aqueous dispersion of ethylcellul ose
and at a relative humdity fromabout 60%to about 100% for a tinme period
from about 48 hours to about 72 hours, until said cured coated dosage form
exhi bi ts RS¥eheFrerics. vaptdiardeslss imyeolysics. srdatiyest decangesiantsy daxgfbvas,

26. The %ﬂhhﬁngoac‘r?cggtiw tgf claim 25, wherein said beads are coated with
sai d aqueous di Spersion of plasticized ethylcellulose to a weight gain from
about 5 to about 15 percent. -41- 27. The solid dosage formof claim

26, wherein said coated beads are cured at a tenperature of about [err] and
at a rel aBdve hei tarmplation e elaigsd2,owherginesaid| substratede gasted ovith| saich

const ot i ngoBTOLR rABepE bier38 & el oo FRTH abole 2 17 BAB0 aB9EY ol o1y

agents, gastro-intestinals, anti-enetics, anti- epileptics, vasodilators,
anti-tussive agents, expectorants, anti-asthmatics, diuretics,

ant i - hypodnsi Jée, fosmatianipf 32 hergin atplorality of said heated; tesired beads are

placed in a capsule in an amount sufficient to provide an effective controlled

release dose when contacted by an aqueous solution.

35. The formulation of claim 32, wherein said controlled release coating
further comprises a release-modifying agent in an amount effective to modify the

rate of release of said opioid analgesic from said cured, coated substrate.

36. A method for obtaining an oral controlled release formulation of an opioid
analgesic, comprising:

coating pharmaceutically acceptable inert beads with an opioid analgesic;

thereafter coating said beads with a barrier layer comprising
hydroxypropylmethylcellulose;

thereafter applying a controlled release layer onto said beads, said
controlled release layer comprising a sufficient amount of a plasticized
ethylcellulose to obtain a predetermined controlled release of said opioid
analgesic when said coated beads are exposed to an environmental fluid, said
plasticized ethylcellulose being applied to said beads as an aqueous dispersion;

curing said controlled release layered beads at a temperature greater than
the glass transition temperature of the aqueous dispersion of plasticized
ethylcellulose for at least 24 hours, and

thereafter optionally applying a second barrier coating to said beads.
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stabilizing a sulysi Sirktdias Beep Repdd a therapeuticall
overcoated with an | rsion of plasticize RDEEB WBse| ih an
amount sufficient ntrol |l egg el ease of jthe therapeutichl)y
active agent when e coated substrate is exposed t¢ aqueous sol utionp,
conpri sing subjecting the coated substrate to curi n.£_a.r._a_(-empe-r-a-t—n+e-
greater t t glass transition t erature of said aqueous dispersion of
pl asti ci zggr']et H@Pcmeltm%é clakm aﬁeraF ol ¢UBPHERBIPIaparing s aid sibsttate for
about 100%. f ; i f ok ' i A Lch
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30. The gelatindcagsuté.ai m 29, further conprising preparing the coated

substrate by applying said therapeutically active agent onto the surface of
a pharmaceutically inert bead, and conducting said curing step by oven

na. £ ol ai wh s en . I :
coent i s S8 conbg Trgfiod of  BAe aerCRHrBine il IFLARE RUEM | foRpriskE
non- st er ohgdtoXgpropyliidthmeeilalogeagent s, gastro-intestinals, anti-enetics,

anti-epileptics, vasodilators, anti-tussive agents, expectorants,
anti-asthmatics, diuretics anti- hypotensives, bronchodil ators,

antibiotl gy A" RIRHLACLE 2Lisim "YBI hrfifer Ohnbrishg HppiyiRy 2S5aC thntidich

release coating onto said beads to a weight gain from about 2 to about 25%.

40. The method of claim 36, further comprising including a release-modifying
agent in said controlled release coating an amount effective to modify the rate of

release of said opioid analgesic from said cured, coated beads.

41. A solid controlled release formulation, comprising a plurality of
pharmaceutically acceptable inert beads coated with an opioid analgesic, said
formulation comprising an amount of said beads sufficient to provide a desired
effect when said formulation is orally administered to a patient, said beads
coated with said opioid analgesic being overcoated with a barrier layer
comprising hydroxypropylmethylcellulose, said barrier coated beads being coated
with a controlled release layer of plasticized ethylcellulose in an amount
sufficient to obtain a controlled release of said opioid analgesic when said
formulation is exposed to a gastrointestinal fluid, said ethylcellulose being
applied to said beads as an aqueous dispersion, said coated beads being cured at
a temperature greater fhan the glass transition temperature of the aqueous
dispersion of plasticized ethylcellulose for at least about 24 hours, to cause
individual ethylcellulose particles in said coating to coalesce and to gradually
slow the release of said opioid analgesic when said formulation is exposed to
aqueous fluid, until an endpoint is reached at which said cured coated substrate,

when subjected to in-virtro dissolution, releases said active agent in amounts
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- 42- *psychot r opi cs, ant i di arrheal s, rrucol ytics, sed Rﬁﬁiﬂ(m&gﬂ% qci ts,

| axat i ves, wt'&‘mSh ants. A stablllze ot TdTontro d
rel ease dosage a subst rat e conprising ja i cql I}y
active agent, s u vercoated with an aqugous ghi%gﬁg‘%ﬁn f
pl astici zed et hyI cel lulose to a sufficigy weight ggi n—sueh-that a

controlled release of said therapeutically active agent is obtained en
sai d dosage formis exposed to aqueous sol utions, salrd overcuoated—stubstrate
cured at a erat re ater .than t | asg transjtion tenperature

sai d aqueme gp@?{;"a‘:}?@? %VaEmecPQB‘B @BH?I | figeplution,gurye” By oprs |t6€“
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a final product which exhibits a stable in-Vitro release of

t her apeut ireyitro dissplutioragt said Gated Beads tpaior Ito oedingol | d cont r oI | ed rel ease
dosage formof claim32, wherein said therapeutically active agent is

sel ected fromthe group consisting of antihistam nes, analgesics, .
non-steropgal gkl foliy gﬂaftmi‘?&f)&bélrﬁgf‘f‘tﬁ/he%?ﬁts%m Cllfll%tde%bh Bea El’é\ﬁggtthﬁs’
anti-epileptics, vasodilators, anti-tussive agents, expectorants,
antl-asthMecsratejlofr etlease mmlediawlvt afmrvesrln@rmmwmmat, and after

anti biotics, antihenorrhoidals, hypnotics, psychotropics, antidiarrheals,
mucol yt | c§”b§%q}éﬁqtv§§p°ﬂ€@oﬁ%e%‘f%)i?r@teq Steragee conditiens @f, oRRd manthy@hings.

This i's thembeRltare BP37°ENGHd aPgli6iative humidity of 80%.

43. The formulation of claim 41, wherein said cured, coated beads provide the
same rate of release immediately after curing to said endpoint, and after
subsequent exposure to accelerated storage conditions of one month at a

temperature of 40°C and at a relative humidity of 75%.

44. The formulation of claim 41, wherein said controlled release coating is
-applied on said barrier coated beads to a weight gain from about 2% to about
25%.

45. The formulation of claim 41, wherein a plurality of said coated, cured
beads are placed in a capsule in an amount sufficient to provide an effective

controlled release dose when contacted by an aqueous solution.

46. The formulation of claim 41, wherein said cured, coated formulation when
administered orally provides effective blood levels of said systematically active

opioid analgesic for about 24 hours.

47. The formulation of claim 41, which includes a controlled release coating
sufficient to obtain a controlled release of said opioid analgesic when measured
by the USP Paddle Method at 100 rpm at 900 ml aqueous buffer (pH between
1.6 and 7.2) at 37°C from about 12.5% to about 42.5% (by wt) opioid

: i F o) iE Ry e
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43 1 ° A nethod for obtaining a stabilized controlled rel ease fornul ation
conprising a substrate coated with an aqueous di spersion of ethyl ceI | ul ose,
conprising: preparing a solid substrate conpri si ngtgs tikertapBesn R cedy active
agent, overcoating said substrate with a sufficient gueous

di spersion of plasticized ethylcellul os&2 o obtain

controlled release of said therapeutically active ag en said coated
substrate i s exposed to aqueous solutions, curing said coated substrate at

i spor of oftBEeBien (i Else st onduEs okl 8RS 2B%. 15RRRGE Pl yon® BRES"
about 100%@@6.@@&5&@ aftef nehslswrsl FebrH "Ebdut 46 %N € @bblt 175 % ey ed) %bldml ch
said cured coated substrate provi des a stabl e dissol ution profile

The net hoanalgesicareleased aftened haursrand fdrpmraleuti B % diodabout @5%b(=hw avid

for oral adm. |st ation by ove t,i said therapeutically active agent
onto the QBH"E S%Eﬁ]ﬁ%iegu?{t ? Lgﬁcept abl e inert beads, and after

overcoating and curing said beads, preparing an oral dosage form by pl acing
a sufficient quantity of cured coated beads into a capsule to provide a
t her apeut 48. ef fTbet fotmulatidni of so;leimed413 whereimesaidt bonltrolled: | releas?, cohtingi n

sai d coat Reads are coated to a %al n from abou* 5 .to about. 15
per cent gwa I COMPEISes, @; refeasgrpgds w,n age t in an amount effective to modify the

rate of release of said opioid analgesic from said cured, coated substrate.

49, The formulation of claim 41, which provides therapeutically effective
blood levels of said systematically active opioid analgesic when administered

orally for about 12 hours.

50. The formulation of claim 41, further comprising a second barrier layer

overcoated on said controlled release coating.

51. The formulation of claim 50, wherein said second barrier layer comprises

hydroxypropylmethylcellulose.

52. The formulation of claim 32, wherein said coated substrate is cured for a

time from about 24 to about 72 hours.

53. The formulation of claim 32, which includes a controlled release coating
sufficient to obtain a controlled release of said opioid analgesic when measured
by the USP Paddle Method at 100 rpm at 900 ml aqueous buffer (pH between
1.6 and 7.2) at 37°C from about 12.5% to about 42.5% (by wt) opioid
analgesic released after 1 hour, from abouf 25% to about 55% (by wt) opioid
analgesic released after 2 hours, from about 45% to about 75% (by wt) opioid

analgesic released after 4 hours and from about 55% to about 85% (by wt)

opioid analgesic released after 8 hours.
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ab.out'. 48 to about 72 hours, until the endpoint is reached. This Sheet Has

Been Repl aced 5. The nmethod of claim1l, wherein said subst rate corrpri ses
a tablet core. 6. The product prepared accor dThi hbemHashke cl

1 44 7. The nethod of claim11, further corrprl ng sal d
substrate conprising said therapeut ically acti ve rrier agent
prior to overcoating with said aqueous di spersion. o I ce u ose. 8.

The nmethod of claim 7, wherein said barg3er agent corrprl ses hydroxypropyl
met hyl cel | ul ose. 9. The method of claim 1, wherein said therapeutically

active agent is selected fromthe group consisting of antihistam nes,

anal gesi c$4.Nomhe Mlethsékof 2Mihr 86! Mmaramafd [APNGSs cmdiuched mreétthﬂél'fﬁom

anti-emetics, anti-epileptics, vasodilators, anti-tussive agents
expectora@bgutéhkuaabouhﬁﬂﬂuunshornnnes di ureti cs, antl-hypoten3|ves,
bronchodi | ators, antibiotics, antihenorrhoidals, hypnotics, psychotropics,
antidi arrheal s, mucol ytics, sedatives, decongestants, |axatives, vitamns,

and sti mulggt s THEO om?inﬁt gﬁtd?oa h # awn&elnv@zﬁaeedhtga'&dardgew u}ée&%.l ¥

active agent is se ecte om-t e group consisting o

oxycodone tinoeé ffiroin @bodti2deto abodet @2, halirby dr onor phi ne, nor phi ne,

bupr enor phi ne, salts of
56. A stabilized solid controlled release dosage form comprising a substrate
comprising a therapeutically active agent, said substrate overcoated with an
aqueous dispersion of plasticized ethylcellulose to a sufficient weight gain such
that a controlled release of said therapeutically active agent is obtained when
said dosage form is exposed to aqueous solutions, said overcoated substrate
cured at a temperature greater than the glass transition temperature of said
aqueous dispersion of plasticized ethylcellulose and at a relative humidity from
about 60% to about 100% for a time period necessary to obtain a final product

which exhibits a stable in-vitro release of said therapeutically active agent.

57. The stabilized solid controlled release dosage form of claim 56, wherein
said therapeutically active agent is selected from the group consisting of
antihistamines, analgesics, non-steroidal anti-inflammatory agents, gastro-
intestinals, anti-emetics, anti-epileptics, vasodilators, anti-tussive agents,
expectorants, anti-asthmatics, diuretics, anti-hYpotensives, bronchodilators,
antibiotics, antihemorrhoidals, hypnotics, psychotropics, antidiarrheals,

mucolytics, sedatives, decongestants, laxatives, vitamins, and stimulants.
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of cl ai g M0erern sa erap&ftical | y active adeRn ~v9§ ‘PHeopphygedi.neto pRe . ..
A stabi | gf TBUPY - RRFehr }I'é’cPag"é ease| dosage for m{cEhphits(shg apsgedstrat pige  4a.
conpri si pip ap Sﬁﬁel‘icg raged vE\.apent, said sybt Batengskr poatied. s plye —
an aqueq (E"%‘B )5| B#&cdf-pl la‘sptagqsi 204 th;dg:el | ul oqelinabistcact ed: péged ..... to p page. ..
t enper at W@éterpi‘gﬁn th‘epgkqbs.t.r nsition tenperature of the aqueous

di sper si|B\1d OFhBE Lci.zed..et.hyl.ce - Gt R

from about 6Q% to

45 100% unti't anpbﬂﬂu{gﬁo fors 9btajping aaﬁI%m"@ﬁpchP e@%ﬁﬁﬁ JB"'E'EI‘BB‘?‘F?} ed
d 1 st e

Péf’égsisdisZgémf%'?mgé?%;{*ﬁfe&‘%de?%ﬁ“ﬂsﬂ%ﬁerﬁﬁ%ﬁfﬁ?ﬁﬁf%ﬂ?@@éﬁ%em

i s over coat egdomprisingai d aqueous di spersion of ethylcellulose to a weight

ain level fromabout 5 to apout 15 percent, 14. The stabilized solid
gont rol | ed rel eas @ERANGA FBE&FB?“@" icompiising-a therapeulically astive agent.ur t her

conprises inert phatpRc ‘ﬁgg %ﬁh' ¥ul§’§fa€(§t[\ﬁ%.e ﬁ.ﬁﬁ Pta?thCBfosﬂ"i‘\: %queous

therapeutically active a I's coate ablllzed S
control |l ed r eispession osfaplasficized Céthylbeilulbéél,tovdﬂﬂam @ predetermined controlled

release of said therapeutically active agent when said coated substrate is

exposed to aqueous solutions,

curing said coated substrate at a temperature greater than the glass
transition temperature of the aqueous dispersion of ethylcellulose and at a
relative humidity from about 60% to about 100%, and continuing the curing
until an endpoint is reached at which said cured coated substrate provides a

stable dissolution profile.

2. The method of claim 1, further comprising preparing said solid substrate
for oral administration by overcoating said therapeutically active agent onto the
surface of pharmaceutically acceptable inert beads, and after overcoating and
curing said beads, preparing an oral dosage form by placing a sufficient
quantity of cured coated beads into a capsule to provide a therapeutic effect
when administered.

3. The method of claim 2, wherein said coated beads are coated to a
weight gain from about 5 to about 15 percent, and are thereafter cured for

about 48 to about 72 hours, until the endpoint is reached.
This Sheet Has Been Repl

| llll

4, The product prepared according to the method of claim 2. “"lll”l",”

5. The method of claim 1, wherein said substrate comprises a tablet core.

6. The product prepared according to the method of claim 1.
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a-plurality of said coated, cured beads are placed—+A—-a—capsule in an
anount sufficient to provide an effective controll eflh._r | ease dose when
cont’acted by an aqueous solution. 16. The stabili zeg - qded

rel ease dosage formof claim12, wherein said therap ﬂ e agent
is selected fromthe group consisting of ag4ihistan nigs S, -
non-steroidal anti-inflammtory agents, gastro- intestinals, anti-enetics,
anti-epileptics, vasodilators, anti-tussive agents, expectorants,

anti-asthmati es, i I,C | - hv.Dot ensi ves.. .

br onchodi | ator7§, aﬁ%ﬁ%ds,&aQ%ﬁéﬁﬁWﬂg‘%Q@'g pﬂ@?ﬁ%ﬁ'ﬁ%ﬁ%&f’%ﬁ'@s,
ant i di arr heal soniprzimgtd=ig, the utica ivan . a v | ,
and stimulants. 17. _g'll'he_ sta_bﬁk?gzed g%léi&aﬁgoﬁgflgtﬁpgtg relgggléé gggg‘ég&fﬁgﬁof
claim 12, whe¥ercaating withsaideaaguesussidisparsionoofiylcelludosse| ect ed from t he
group consisting of hydronorphone, oxycodone, dihydrocodeine, codeine,

di hydr onor phone, norphine, buprenorphine, salts of any of the foregoing,
and nixtures @ anyThd method!6of difim Thewhbadih ! saRd Bftied Sy Udnigtises
rel ease dosage formof claim 12, wherein said therapeuti cal acti1ve agent

i s theophyl | i iydraxypropylseetbylcelleloseont rol | ed rel ease solid dosage form for
oral adm nistration, conprising a plurality of inert pharmaceutically
accept abl e beads coated with a

9. The method of claim 1, wherein said therapeutically active agent is

selected from the group consisting of antihistamines, analgesics, non-steroidal
anti-inflammatory agents, gastro-intestinals, anti-emetics, anti-epileptics,
vasodilators, anti-tussive agents, expectorants, anti-asthmatics, hormones,
diuretics, anti-hypotensives, bronchodilators, antibiotics, antihemorrhoidals,
hypnotics, psychotropics, antidiarrheals, mucolytics, sedatives, decongestants,
laxatives, vitamins, and stimulants.

10. The method of claim 1, wherein said therapeutically active agent is
selected from the group consisting of hydromorphone, oxycodone,
dihydrocodeine, codeine, dihydromorphine, morphine, buprenorphine, salts of
any of the foregoing, and mixtures of any of the foregoing.

11.  The method of claim 1, wherein said therapeutically active agent is
theophylline.

12. A stabilized solid controlled release dosage form comprising a substrate
comprising a therapeutically active agent, said substrate overcoated with an
aqueous dispersion of plasticized ethylcellulose and cured at a temperature
greater than the glass transition temperature of the aqueous dispersion of the
plasticized ethylcellulose and at a relative humidity from about 60% to about

o I 05 AUG 1998
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therapeutically active agent, and overcoated with an aqueous di spersion of
plasticized ethylcellulose to a thickness effective to obtain a controlled
rel ease of said tThisrSh Htﬁ%ﬂ“i laggdt i ve agent when said solid dosage formis
exposed to aqueous |d_overcoated beads included in said
formulation in an ent to prepi-de a desired therapeutic
effect, said overcoate eads cured at a tenperature greater than the gl ass
transition tenperature of the aqueous dispersion of plasticized

hyl cel | ul . Lve . .dj
nt 1 an endpofote Bt 3 EhabLte i3 HaEhtd AL RRAR Sy F10d PRISH RN
st abl e di ssol ptowuegpa @fam@msgemt.oﬁrmombabl lized controlled rel ease solid
dosage formof claim 19, wherein said beads are coated with said aqueous

di spersion of plasticized ethylcellulose to a weight gain fromabout 5 to

about 15 percggqt, . thereafter cur for .abaout 48 1o about
72 hour s, unt 18 ¢ nig efieetf Bty BlrRmRe esR g dgB o of et 14 whérelt
control led r esgidthefprrtiealyasivef agérﬂluérbifarcdéféﬁ @4th saiPhyldbis Hispbreioh &f
coated, cured beads are placed in a capsule in an anount sufficient to

provi de an ef ethylaellglosertoraweight geindeve foemmabaut f to @bout 18 perserdn aqueous
solution. 22. The stabilized solid controlled rel ease dosage form of claim
19, wherein said therapeutically active agent is selected fromthe group
consi sting of 1anti Thalsiabififed sGRPLORPOIIEY refiseSd dqe%kmadftdxa.hméawﬂaﬁé?ﬁy
agents, gastro- intestinals, anti-enmetics, anti- tics, vasodilators,
anti-tussi ve sgdmsubstrate further comprises inert pharmaoeutlcally acceptable beads onto

which said therapeutically active agent is coated.

16.  The stabilized solid controlled release dosage form of claim 14, wherein
a plurality of said coated, cured beads are placed in a capsule in an amount
sufficient to provide an effective controlled release dose when contacted by an
aqueous solution.

16.  The stabilized solid controlled release dosage form of claim 12, wherein
said therapeutically active agent is selected from the group consisting of
antihistamines, analgesics, non-steroidal anti-inflammatory agents, gastro-
intestinals, anti-emetics, anti-epileptics, vasodilators, anti-tussive agents,
expectorants, anti-asthmatics, hormones, diuretics, anti-hypotensives,
bronchodilators, antibiotics, antihemorrhoidals, hypnotics, psychotropics,
antidiarrheals, mucolytics, sedatives, decongestants, laxatives, vitamins, and

stimulants.

17.  The stabilized solid controlled release dosage form of claim 12, wherein
said therapeutically active agent is selected from the group consisting of
hydromorphone, oxycodone, dihydrocodeine, codeine, dihydromorphone,
morphine, buprenorphine, salts of any of the foregoing, and mixtures of any of

the foregoing. REPLACEMENT SHEET
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1L "N s AVEN DED SHEET -47- expectorants,
anti-asthmatics, hornones, diuretics, anti-hypotendhiggheetHas Been Replaced
bronchodi | ators, antibiotics, antihenorrhoidals, hypnotji “Hﬂ“‘vm I&pi Cs,
antidiarrheals, nmucol ytics, sedatives, decongestants,- | [ m ns,
and stimulants. 23. The stabilized solid4@ntrolled rel ease dosage form of
claim19, wherein said therapeutically active agent is selected fromthe

group consi stilBg off NByHinbiized selid contrglieshisieaseydesagefopmepiain ddewherein
di hyd hi pe: | : 1 f f the f i ng,
ol o tor b B RFANE I WA SO BN S ety lihel’ 1Y 00 T %Lontt of) e

rel'ease dosage formof claim19, wherein said therapeutically active agent

is theophylline. 25. A solid dosage formconprising a plurality of inert
phar maceut i callBy aécelgbilized contiolied selease isolid dosage g@amfordmal adeninistyatieryent

d with an ' ' f | cel | ul i gh '
surtiorent toCBBPRsdS Bifetyititsi Bhafatiybically sobniipin. fedis Fogtellofith 8
agent when satserapéaticallyoashives ag¥RD A VerDatsy with bH! aqligousS dispersibh tof
dosage form being cured after said overcoating is applied at a tenperature

great er than plastigizedsethyleallulose to achjcknass effectivesto dbtainacentuilegaelsase of

ethylcel I ul 0S5¢ %Qijd tergperu%ic%iﬂ/ ‘ctive agent when said solid dosage form is exposed to

aqueous solutions, said overcoated beads included in said formulation in an
amount sufficient to provide a desired therapeutic effect,
said overcoated beads cured at a temperature greater than the glass
transition temperature of the aqueous dispersion of plasticized
ethylcellulose and at a relative humidity from about 60% to about 100%,
until an endpoint is reached at which said cured overcoated beads
provide a stable dissolution profile.

20. The stabilized controlled release solid dosage form of claim 19, wherein
said beads are coated with said aqueous dispersion of plasticized
ethylcellulose to a weight gain from about 5 to about 15 percent, and said
beads are thereafter cured for about 48 to about 72 hours, until the endpoint is
reached.

21.  The stabilized solid controlled release dosage form of claim 19, wherein
a plurality of said coated, cured beads are placed in a capsule in an amount
sufficient to provide an effective controlled release dose when contacted by an
aqueous solution.

22. The stabilized solid controlled release dosage form of claim 19, wherein
said therapeutically active agent is selected from the group consisting of

antihistamines, analgesics, non-steroidal anti-inflammatory agents, gastro-
intestinals, anti-emetics, anti-epileptics, vasodilators, anti-tuasue.agents,-—;——-————

REPLACEMENT SHEET
AR A6

05 AUG 1998

| AMENDED SsHEET




humi dity from about 60%to about 100% for a tinme period from about 48 hours
to about 72 hours, until said cured coated dosage formexhibits a stable
in-vitro rel ease of said therapeutically active agent. 26. The solid
dosage form of claim25, wherein said beads are coated with said agueous

di spersion of plasticized ethylcellul ose-#4%-a weight gain fromabout 5 to
about 15 percent. 48 27. The solid dosage formof claim 26, wherein

sai d coated beads are cured at a tenperature of about [err] and at a

relative hum di ou 0 i 1D L d. do for : '

wherein said %ﬁe‘%'%‘g'féﬂﬁbca%’l‘@'s"ﬁ%’ﬁ%t csageﬁ?ﬁﬁésﬁéskél egﬁgﬁn‘%’o% FQ%?@ES%'
consi sting of hrychBdifdtans, NemtibfiticsJ e ahtifembfrioidals; " ypnlbties)t | psythiotmopiusor y
agents, gastro-intestinals, anti-enmetics, anti- epileptics, vasodilators,
anti -t ussi ve anfidiaghealspsuicolytiess sedativess dacongesiants;jlaxativess vitamins, and
anti - hypot ensj yves, g{)onchodi | ators, antibiotics, antihenorrhoidals,

hypnoti cs, psWB‘ﬁn Ics, antidiarrheals, nucolytics, sedatives,
decongestants, |axatives, vitamns, and stinulants. 29. A nethod of
stabilizing a substrate conprising a therapeutically active agent .
over coat ed wi 28. anThesiahilized solist controlled releasei dosage fermyafclaimi Bswhereinn

amount sufficient to obtain a controlled relegse of the t peut i

active agent ﬁﬂantnq{@p@é%a@}i acthe PQFQFi'§ %&%‘gggd e e‘ﬂﬁggsgﬁﬂ'ﬁm&

conmprising  hydromorphone, oxycodone, dihydrocodeine, codeine, dihydromorphine,
morphine, buprenorphine, salts of any of the foregoing, and mixtures of any of

the foregoing.

24. The stabilized solid controlled release dosage form of claim 19, wherein
said therapeutically active agent is theophylline.

25. A solid dosage form comprising a plurality of inert pharmaceutically
acceptable beads comprising a therapeutically active agent overcoated with an
aqueous dispersion of ethylcellulose to a weight gain sufficient to obtain a
controlled release of said therapeutically active agent when said dosage form
is exposed to aqueous solutions, said solid dosage form being cured after said
overcoating is applied at a temperature greater than the glass transition
temperature of said aqueous dispersion of ethylcellulose and at a relative
humidity from about 60% to about 100% for a time period from about 48 hours
to about 72 hours, until said cured coated dosage form exhibits a stable in-vitro
release of said therapeutically active agent.

26. The solid dosage form of claim 25, wherein said beads are coated with

said aqueous dispersion of plasticized ethylcellulose to a weight gain from

about 5 to about 15 percent.
. This Sheet Has Been Repla
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subj.ecting the coated substrate to curing at aTéenperature greater than the
glass transition tenperature of said aqueous di sm;sieam{ameeqokqﬂatedcl zed
ethylcellulose and at a relative humdity fromab t 100% for
a period of tine necessary to obtain a final prod |ts a
stable in- vitro rel ease of said therapewd&ally agen . The
met hod of claim 29, further conprising preparing. the coat ed substrate by
appl ying said therapeut ically active agent onto the surface of a

phar maceut i cabbky i tePo

curing. 31. ?Ee rre cﬁm ﬁaga%ﬁgfb@mﬁéﬂrn}gs 3@‘5} %?ggéutlc%qé;a?gﬁr\?g
agent is sel eat adempenatuhe ofjaboyt 6090s iastiata mlatwathdmudttymf abeut 88%l gesi cs,
non-steroi dal anti-inflammtory agents, gastro-intestinals, anti-enetics,
anti-epileptics, vasodilators, anti-tussive agents, expectorants,

anti asthmeti of, (el ({;}l@dﬂ%%f cho!arhvgg WHE%{}% L ar r%gf’éu“ca")fo?c“tvecs

anti biotics, anfi hem)rr oprcC’s

sedati ves, deegegetﬁ @éléetedlfmmtthwg@olf cbasistivg oﬁadtlﬁéiaWheﬂtmaI%&lcs Pnon—
stabili zed solid controlled rel ease dosage form conprising a substrate

conpri si ng 3 ﬁt@'ﬁ&%ﬁéuﬁn&'anﬂ@nﬁlﬁmve @@eﬂs,l_ gastio-intestinals. e %l\ﬁle?@@ﬁ?%d amtt-h
Gai n such:t natPIeRe  Spsdlitors: ARPURSIY St oBEpadtoliy’ i dBLe "

obt ai ned when djuretics, antl-hypotenswes, bronchodilators, antibiotics, antnhemorrhondals

hypnotics, psychotropics, antidiarrheals, mucolytics, sedatives, decongestants,

laxatives, vitamins, and stimulants.

29. A method of stabilizing a substrate comprising a therapeutically actiVe

~ agent overcoated with an aqueous dispersion of plasticized ethylcellulose in an
amount sufficient to obtain a controlled release of the therapeutically active
agent when the coated substrate is exposed to aqueous solutions, comprising
subjecting the coated substrate to curing at a temperature greater than the
glass transition temperature of said aqueous dispersion of plasticized
ethylcellulose and at a relative humidity from about 60% to about 100%, for a
period of time necessary to obtain a final product which exhibits a stable in-
vitro release of said therapeutically active agent.

30. The method of claim 29, further comprising preparing the coated
substrate by applying said therapeutically active agent onto the surface of a

pharmaceutically inert bead, and conducting said curing step by oven curing.

31. The method of claim 29, wherein said therapeutically active agent is
selected from the group cohsisting of antihistamines, analgesics, non-steroidal
anti-inflammatory agents, gastro-intestinals, anti-emetics, anti-epileptics,

vasodilators, anti-tussive agents, expectorants, anti-asthmatics, diuretics anti-

hypotensives, bronchodilators, antibiotics, antihemorrhoidm—sﬁm.

’_———-————f‘—’—_’——ﬂ.
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sai d dosage formis exposed to aqueous solutions, said overcoated substrate
cured at a tenperature greater than the glass transition terrperature of

sai d aqueous di spersion of plasticized ethylcellul osHi gedy e
hunidity from about 60%to about 100% for a tine perl ﬂ obtain

a final product which exhibits a stable i%+tro rele
therapeutically active agent. 33. The stabilized solid controlled rel ease
dosage form of claim 32, wherein said therapeutically active agent is

sel ected fromgg gt S |6r#|P% C%Hﬁd%?ﬂh@ﬁlsoﬂn@dlﬂgﬁf&sﬁé&éﬁ%% déﬂéﬁgs?éﬁt% laxatives,

non- st er oi dal mratory agents stro- 1ntestinal anti-emetics,
anti - epi | ept i vitaminess ahid stimulantsant i -t ussi ve agents, expectorants,
anti-asthmatics, diuretics, anti-hypotensives, br onchodi | at ors,

anti biotics, antihenorrhoidals, hypnotics, psychotropics, antidiarrheals,

mucol yti cs, g,?at"’ﬁ? tabﬁ%@% @ﬁﬁl%ueb?él@%éé%sagétf&% gom ﬁgg\ Su%ﬂpéa e’

37. The neth of c arm er conprising prepari al

for oral adm romiprising @ theraﬂ:e\cﬁowyeaawéfagemnsaldmbstﬂa!e @vereoated ovith ath
beads into a gelatin capsul e. The nmethod of claim, 36, wherein said

barrier agent musﬂ@%@nd;tmsiwmthybewpw ta a sufiicientweight.gaipsush

claim 36, fur Wi | to

O e | ohhEE RIS OBABBU ARy o3ty AE e Robikd e

claim 36, furtdad dosaye f6innis eREoOsE D agueshsackitionsli daid "¥ercoated substrate
cured at a temperature greater than the glass transition temperature of said
aqueous dispersion of plasticized ethylcellulose and at a relative humidity from
about 60% to about 100% for a time period necessary to obtain a final product
which exhibits a stable in-vitro release of said therapeutically active agent.

33. The stabilized solid controlled release dosage form of claim 32, wherein
said therapeutically active agent is selected from the group consisting of
antihistamines, analgesics, non-steroidal anti-inflammatory agents, gastro-
intestinals, anti-emetics, anti-epileptics, vasodilators, anti-tussive agents,
expectorants, anti-asthmatics, diuretics, anti-hypotensives, bronchodilators,
antibiotics, antihemorrhoidals, hypnotics, psychotropics, antidiarrheals,
| mucolytics, sedatives, decongestants, laxatives, vitamins, and stimulants.
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A solid controlled release forrulation, conpr ﬁg"&l‘ B - PPEFY t g?gzged.ﬁk

phar maceut i cal | st t beads coated wi} H¥&Raiapshoi d PRR%

said fornul atlomlmﬁmnm‘lmw nmount of , said bea sﬂéltggétg(@riﬂm%ﬂ pr-é%i'ﬁ?’é'e% """
desired effect wherf s& d"fofmulation i %t ally adhiBiAshsteeld t:Pagepet-ite ftage
sai d beads coated with said opioid analgssi ¢ beinfj overcoated with a

barrier layer conprising hydroxypropyl methyl cellu .omTEs@deE@E[PEr..!ﬂﬂbf.ed..
beads bei ng 1coat &d methoda fon rahtainingd a etabitized ' : : ulation

et hyl cellul ose in,an anpunt suffici enthat 0 obtain controll ed rel ?a[se of

sai d opi oi d COAMArEHY @ siRsiraiaiceated wWith.anAAYeous, gispersien, of ethylcellulose,
gastroint es%hﬂ%]risfr{ id, said ethylcellul ose being applied to said beads as

an aqueous dispersi¥n, said coated beads being cured at a tenperature

greater than the pgéparing & aolid substraterguinprising adhetapeuticalRoactivel sgemtsi on of
pl astici zed ethylcellul ose for at |east about- 24 hours, to cause individual

et hyl cel | ul ose p&Vereaaling; raidasubstrate witht 8 sefficient amaunt of AR AANEGAUSs| ow
the rel ease ' Wl I ' aj s ' 4. Sq€ to
aqueous fl uidggpeﬁﬁk ﬂl %hggﬂg%gﬁn%ﬁﬁggpéggﬁe% gﬁta&ﬁ idgﬁké;&zgtgﬂglhggdé@gﬁ%g
substrate, wileaseubi egidethdrapeuticdllyt activei agehtiiwhen, saidl ecsied sabstratet isve
agent in anounts 51 when do not vary at any tinme point along the

di ssol uti on exppsed kg agdeeus selytions,

curing said coated substrate at a temperature greater than the glass

transition temperature of the aqueous dispersion of ethylcellulose and at a
relative humidity from about 60% to about 100%, and continuing the curing
until an endpoint is reached at which said cured coated substrate provides a

stable dissolution profile.

2. The method of claim 1, further 6omprising preparing said solid substrate
for oral administration by overcoating said therapeutically active agent onto the
surface of pharmaceutically acceptable inert beads, and after overcoating and
curing said beads, preparing an oral dosage form by placing a sufficient
quantity of cured éoat_ed_-beads into a capsule to provide a therapeutic effect

when administered.

3. The method of claim 2, wherein said coated beads are coated to a
weight gain from about 5 to about 15 percent, and are thereafter cured for
about 48 to about 72 hours, until the endpoint is reached.

4. The product prepared according to the method of claim 2.

5. The method of claim 1, wherein said substrate comprises a tablet core.

6. ‘The product prepared according to the method of claim 1.
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about 20% of the total anount of active agent rel eased, when conpared to
the in-vitro dissolution of said coated beads prior to curing. 42. The
formul ati on of claim4l, wherein said cured, coated beads provide the sane
rate of release imediately after curing to said endpoint, and after
subsequent exposure to accelerated storagg,conditions of- one nonth at a
tenperature of [err] and at a relative h’a%ldity of 80% 43. The

formul ati on of claim41l, wherein said cuu¥tt, coated beads provide the sane
rate of release imMmmediately after curing to said endpoint, and after
subsequent exposurkhe metbod|af claiml htfurtgge coowpising eyerspating saithtsubstrate

tenperature of err and el.at um dity, of. 75%

fornul ati on &° rLQ d\?\#‘@f@?ﬂ“?& ¥I LBWEr 89?%% VY"J\ @A'}’é%’aé%gt %"oipbq i ed
on sai d barriferéQaingy e adn écguébdéedlgﬁérsﬂﬁiéféthﬂﬁémh@s’é 2% to about 25%
45. The fornul ation of claim4l, wherein a plurality of said coated, cured

beads are placed in a capsule in an amunt suff|C|ent to provide an

36, Thefor i ati D1 oMeIRaH nfh10lRorel HMED SakbbATEh: B0oHb: FRIMRHFGH
e 2T L S OB BT e8! [ oct [ ve bl ood | evel s of said

formul ation of claim4l, which |ncludes a controlled rel ease coating
measur ed by the. USHeABaROcht AL, HISTEREAR SIReRPUCRAINORE R POERT (B

ggit e 1.6 a0gedted)irdth thE'grbup c8ﬁ§|§{?ﬁé’bf LAtifgtdrRin@B C4halfésied? hon-stérbidal

anti-inflammatory agents, gastro-intestinals, anti-emetics, anti-epileptics,
vasodilators, anti-tussive agents, expectorants, anti-asthmatics, hormones,
diuretiés, anti-hypotensives, bronchodilators, antibiotics, antihemorrhoidals,
hypnotics, psychotropics, antidiarrheals, mucolytics, sedatives, decongestants,

laxatives, vitamins, and stimulants.

10. The method of claim 1, wherein said therapeutically active agent is
selected from the group consisting of hydromorphone, oxycodone,
dihydrocodeine, codeine, dihydromorphine, morphine, buprenorphine, salts of

any of the fo'regoing, and mixtures of any of the foregoing.

11. The method of claim 1, wherein said therapeutically active agent is

theophylline.

12. A stabilized solid controlled release dosage form comprising a substrate
comprising a therapeutically active agent, said substrate overcoated with an
aqueous dispersion of plasticized ethylcéllulose and cured at a temperature
greater than the glass transition temperature of the aqueous dispersion of the

plasticized ethylcellulose and at a relative humidity from about 60% to about

' This is the replacement sheet
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analgesic rel eased after 1 hour, from about 25%to about 55% (by wt) opioid
anal gesic rel eased after 2 hours, from about 45%to about 75% (by w)

opi oi d anal gesic rel eased after 4 hours and from about 55%to about 85% (by
wt) opioid analgesic released after 8 hours. 48. The fornulation of claim
41, wherein said controlled rel ease coati urt her -conprises a

rel ease-nodi fyi ng agent in an anount eff ive to nodify the rate of

rel ease of said opioid anal gesic from satd8zured, coated substrate. 49.

The formul ation of ‘claim4l, which provides therapeutically effective bl ood
| evel s of sai m&%suehbancandpolattlsvr@aslpedn@t whighy seid owred) canted substeate

orally for about HI?Z hotjqb? .The fﬁrrml ation of claim4l, further
conprising a RIGYEIFE B3 %P'Sﬁgb’&f’"(ﬂ 2Y"Boat ed on said controll ed rel ease
coating. 51. The fornulation of claimb50, wherein said second barrier

| ayer conpri ses hydroxypropyl met hyl cel | ul ose. 52. The fornulation of claim
32, wherein s&3d cBh@@tB@liZﬁ;tsd'thcmﬁrQﬂedereIdase dpaagedofmmﬁdainuﬂZ.ZWhetein
about 72 hours L ation of cla

.___The for
control eq r eraid dPormprifiraRtattiecadint it ovsioatsr Wb aniieats rpamogr
sai d opi oid ag Q:%ﬁhfés%é% WB@ZN%SE‘\ IBve thtﬁn‘é%BuPéq 'a%oM‘v‘tI@ rédnt100 rpm at
900 ml aqueous buffer (pH bet and err] about 12.5%to
about 42.5% (by wt) opioid _
- 14.  The stabilized solid controlled release dosage form of claim 13, wherein
said substrate further comprises inert pharmaceutically acceptable beads onto

which said therapeutically active agent is coated.

15.  The stabilized solid controlled release dosage form of claim 14, wherein
a plurality of said coated, cured beads are placed in a capsule in an amount
sufficient to provide an effective controlled release dose when contacted by an
aqueous solution. |

16.  The stabilized solid controlled release dosage form of claim 12, wherein
said therapeutically active agent is selected from the group consisting of
antihiétamines, analgesics, non-steroidal anti-inflammatory agents, gastro-
ihtestinals, anti-emetics, anti-epileétics, vasodilators, anti-tussive agents,
expectorants, anti-asthmatics, hormones, diuretics, anti-hypotensivés,
bronchodilators, antibiotics, antihemorrhoidals, hypnotics, psychotropics,
antidiarrheals, mucolytics, sedatives, decongestants, laxatives, vitamins, and
stimulants. |

17.  The stabilized solid controlled release dosage form of claim 12, wherein
said therapeutically active agent is selected from the group consisting of
hydromorphone, oxycodone, dihydrocodeine, codeine, dihydromorphone,
morphine, buprenorphine, salts of any of the foregoing, and mixtures of any of

the foregoing.
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anal gesic rel eased after 1 hour, from about 25%to about 55% (by wt) opioid
anal gesic released after 2 hours, from about 45%to about 75% (by wt)

gpi oi d anal gesic rel eased after 4 hours and from about 55%to about 85% ( by
wt) opioid analgesic released after 8 holké. 53 54. The nethod of claim
36, wherein said curing is conducted for™ ,me from about 24 to about 72
hours. 55. The formulation of claim4l, “wherein said coated beads are
cured for a ti8e fThenstahlited’<olidocaritroited r2leaserdosage. form of tofdin 12.e8hein d
controll ed rel ease dosage form conprising a substrate conprising a

t her apeut i cal ﬁﬂdé'é?'iapéug@@l&‘t?a%’&i@%%WQPBYQO% coated with an aqueous

di spersion of plasticized ethylcellulose to a sufficient weight gain such
that a controlled release of said therapeutically active agent is obtained

when said dostge fArsmbifizék ponRollsdPrelsaROs6licc@bsigerfsim forictaloxdmitistition, -
substrate cured at a tenperature greater than the glass transition

t enper at ur e ogorvArisinguBkwRlty iof inart pbarmacestigally acceptakletigasis| ¢adted withnal at
a relative hug_di r t %to a 0. £.0r ' el .
necessary to u@ﬁ? %%Utgcaﬁ?]n%?ﬁgr %‘g%ofét _q%ﬂi 5\2&%9%%& Mtﬂ aa@téadd‘{géug _né-i l%ﬁgrrsbon. of
rel ease of sapistiticedrBwitsIRldse fFA itk Effedtive toldistalt 4lkohiraRed selbhse
controll ed rel ease dosage formof claim56, wherein said therapeutically
active agent ¢ksajditberapeuticaliy activegagrnt whens saidi sajidodosage form is exposed to
aqueous solutions, said overcoated beads included in said formulation in an
amount sufficient to provide a desired therapeutic effect,
said overcoated beads cured at a temperature greater than the glass
transition temperature of the aqueous dispersion of plasticized
ethylcellulose and at a relative humidity from about 60% to about 100%,
until an endpoint is reached at which said cured overcoated beads

provide a stable dissolution profile.

20. The stabilized controlled release solid dosage form of claim 19, wherein
said beads are coated with said aqueous dispersion of plasticized
ethylcellulose to a weight gain from about 5 to about 15 percent, and said
beads are thereafter cured for about 48 to about 72 hours, until the endpoint is
reached.

21.  The stabilized solid controlled release dosage form of claim 19, wherein
a plurality of said coated, cured beads are placed in a capsule in an amount
sufficient to provide an effective controlled release dose when contacted by an

agueous solution.

22. The stabilized solid controlled release dosége form of claim 19, wherein
said therapeutically active agent is selected from the group consisting of
antihistamines, analgesics, ‘non-steroidal anfi-inflammatory agents, gastro-

intestinals, anti-emetics, 'a.nti-epileptics, vasodilators, anti-tussive agents,
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anti'hi stam nes, anal gesics, non-steroidal anti-inflammtory agents, gastro-
intestinals, anti-enmetics, anti-epileptics, vasodilators, anti-tussive
agents, expectorants, anti-asthmatics, diuretics, anti-hypotensives,
bronchodil ators, antibiotics, antihenorrhoidals, hypnotics,

psychotropics, antidiarrheals, nucol yt i%&eda{ I ves, decongestants,
| axatives, vitam ns, and stinulants.
: -40-

expectorants, anti-asthmatics, hormones, diuretics, anti-hypotensives,
bronchodilators, antibiotics, antihemorrhoidals, hypnotics, psychotropics,
. antidiarrheals, mucolytics, sedatives, decongestants, laxatives, vitamins, and"

stimulants.

23. The stabilized solid controlled release dosage form of claim 19, wherein
said therapeutically active agent is selected from the group consisting of
hydromorphone, oxycodone, dihydrocodeine, codeine, dihydromorphine,
morphine, buprenorphine, salts of any of the foregoing, and mixtures of any of
the foregoing. | -

24. The stabilized solid controlled release dosage form of claim 19, wherein
said therapeutically active agent is theophylline.

25. A solid dosage form comprising a plurality of inert pharmaceutically
acceptable beads comprising a therapeutically active agent overcoated with an
aqueous dispersion of ethylcellulose to a weight gain sufficient to obtain a
controlled release of said therapeutically active agent when said dosage form
is exposed to aqueous solutions, said solid dosage form being cured aﬁer"Said
overcoating is applied at a temperatur'e' -greater than the glass transition
temperature- of said aqueous dispersion of ethylcellulose and at a relative
humidity from about 60% to about 100% for a time period from about 48 hours
to about 72 hours, until said cured coated dosage form exhibits a stable in-vitro
release of said therapeutically active agent.

26.- The solid dosage form of claim 25, wherein said beads are coated with
said aqueous dispersion of plasticized ethylcellulose to a weight gain from
about 5 to about 15 percent.
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27. The solid dosage form of claim 26, wherein said coated beads are cured

at a temperature of about 60°C. and at a relative humidity of about 85%.

28. The solid dosage form of claim 25, wherein said therapeutically active
agent is selected from the group consisting of antihistamines, analgesics, non-
steroidal anti-inflammatory agents, gastro—intestinals, anti-emetics, anti-
epileptics, vasodilators, anti-tussive agents, expectorants, anti-asthmatics,
diuretics, anti-hypotensives, bronchodilators, antibiotics, antihemorrhoidals,
hypnotics, psychotropics, antidiarrheals, mucolytics, sedatives, decongestants,
laxatives, vitamins, and stimulants.
29. A method of stabilizing a substrate comprising a therapeutically active
agent overcoated with an aqueous dispersion of plasticized ethylcellulose in an
amount sufficient to obtain a controlled release of the therapeutically active
agent when the 6oated substrate is exposed to aqueous solutions, comprising
subjecting the coated substrate to curing at a temperature greater than the
glass transition temperature of said aqueous dispersion of plasticized
ethylceliulose and at a relative humidity from about 60% to about 100%, for a
| period of time necessary to obtain a final product which exhibits a stable in-
vitro release of said therapeutically active agent.

30. The method of claim 29, further comprising preparing the coated
substrate by applying said therapeutically active agent onto the surface of a
pharmaceutically inert bead, and conducting said curing step by oven curing.

31. The method of claim 29, wherein said therapeutically active agent is
selected from the group consisting of antihistamines, analgesics, non-steroidal
anti-inflammatory agents, gastro-intestinals, anti-emetics, anti-epileptics,
vasodilators, anti-tussivé agents, expectorants, anti-asthmatics, diuretics anti-

.w bronchodilators, antibibtics, antihemorrhoidals, hypnotics,
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- psychotropics, antidiarrheals, mucolytics, sedatives, decongestants, laxatives,

vitamins, and stimulants.

32. A stabilized solid controlled release dosage form comprising a substrate
comprising a therapéutically active agent, said substrate overcoated with an
aqueous dispersion of plasticized -ethylcelluldse to a sufficient weight gain such
that a controlled release of said therapeutically active agent is obtained when
said dosage form is exposed to aqueous solutions, said overcoated substrate
cured at a temperature greater than the glass transition temperature of said
aqueous dispersion of plasticized ethylcellulose and at a relative humidity from
about 60% to about 100% for a time period necessary to obtain a final product

which exhibits a stable in-vitro release of said therapeutically active agent.

33. The stabilized solid controlled release dosage form of claim 32, wherein
‘said therapeﬁtically active agent is selected from the group consisting of
antihistamines, analgesics, non-steroidal anti-inflammatory agents, gastro-
intestinals, anti-emetics, anti-epileptics, vasodilators, anti-tussive agents,
expectorants, anti-asthmatics, diuretics, anti-hypotensives, bronchodilators,
.antibiotics, antihemorrhoidals, hypnotics, psychotropics, antidiarrheals,

mucolytics, sedatives, decongestants, laxatives, vitamins, and stimulants.
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