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An important aspect of all forms of low dosage forms is
related to the stability of the same. The stability of a
pharmaceutical dosage form is related to maintaining its
physical, chemical, microbiological, therapeutic, and
toxice}ogical properties wvhen stofed, i.e,, in a particular
container and environment. Stability study requirements are
coversd, e.g., in the Good Manmafacturing Practices (GMPs), the ~
U.8.P.,, as well ag in New Drug Applications (NDag) and
Investigational Nevw Drug Applications {INDs) .-

The *ingredients used in sustained release dosage
tormulations often present special problems with regard to their
physical stability during storage. Por example, waxes which havs
been used in spch formulations are known to underge physical
alterations on prolonged standing, thus praecautions ars taken to
‘ stabilize them at the time of manufaéture or -to prevent the
change from occurring. Fats and waxy materials when us;d in
purified states are Known to crystallize in unstable forms,
causing unpredictabie variations in availability rétes during
stability testing at the time of manufacturs and during later
storage. .

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

individual ingredients of the dosage form toc reach a stabla state
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before the product is finally completed.

It is also recoqnlzéd’that the moisture content of the
product can also influence the stability of thg“product. Change§
in the hydration level of a polymeric f£ilm, such as the ethyl
celluloses, can alter the rate of water permeation and drug
availability. Also, binders such as acacia are known to becowme
less soluble when exposed to moisture and heat. However,
moisture content of a product can be controlled fairly
successfully by centrols in the processing method and proper
packaging of the product.

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

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

immediate release adwministration of the active drug contained in

the dosage form.



Attsmpts to prepare stable- controlled release pharmaceutical
formulations using aque;ué dispersions of hydrophobic polymers
bave bean unsuccaessful due to stability problems.

Tharefore, it is desirable to prepare a controlled release
formulation prepared from an aqueous dispersion of a hydrophobic
polymer. However, to date, attempts to prepare-seahle controlled
release pharmaceutical formulations using agueous dispersions of
hydrophobic polymers have been unsuccessful due to stabiiity ’
problems.

In particular, when coating these pharmaceutical forms using

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

was said to occur in the first 21 days (isothermal storage) after

-

coating.



This instability problem is known to not exist when the
polymers are applied fr;m.organic solvent solution. The use of
organic solvents in the preparation of polymaer coatings is
considered problematic as the formulations have inherent problems
with regard to flammability, carcinogenicity, environmental
concerns, and safety in general. -

Furthermore, attempts to prepars controlled release
pharmaceutical formulations using organic coatings have been
largély unsuccessful due to sfability problems, the ratae of drug
release being changed upon storage.

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

More particularly, it is known that a contzolled release
coating comprising Budragit® is not stable when cured according

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

2 hours.

OBJECTS AND SUMMARY OF THE INVENTION
It is therefore an object of the present invention to

provide a controlled release dosage form for oral administration

which has a controlled release coating derived from an aqueocus

acrylic polymer dispersion, such that an essentially stab}le

digaolution profile of medicament is obtaihed under various

. storage conditions.

It is a further object of the present invention to provide a
controlled release dosage form prepargd wiéh an overcoat derived

from an aquoous dispersion of an agrylic resin which i{s stable
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under stressed condltions, inc}uding extended periods of high.
temperature and high hu%idity.

These objects and others have been accomplished by tha
present invention, which relates to a solid dosage form which has
a controlled release overcoat derived from an agueous dispersion
of an acrylic resin which'éfovides a substantially stable release
pattern of a therapeutically active agent(s) contained thexein.

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

The present invention is also related to a solid dosage form
comprising a core comprising a therapeutically active agent and
an overcoating derived from an aqueous dispersion of an acrylic
resin in an amount sufficient to obtain a controlled release of
the therapeutically active agent when the dosage fornm is exposed

to agueous solutions, e.g. gastric fluid. The solid dosage form

is cured after the overcoating is applied such that the release
of the ther#pautically active agent is subztantially unaffected
by exposure to elevated temperature and/or humidity.

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

acrylic resin having a suitable tﬁickness'io obtain a controlled



. ‘ 6

release of said therapeutically active agent when the solid
dosage form is exposed'to'aqueous solutions, The coated beads
are cured for an extended period of time at a temperature above
the glass transition temperature (Tg) of the plasticized acrylic
polymer to attain a finished product which has a dissolution
profile which is substantially unaffected by exposure to storage
conditions of slevated temperature and/or humidity. -

The present invention 1ls further related to a stabilized
solid controlled dosage form comprising a therapeutically active
agent overcoated with a plasticized ac¢crylic polymexr, the coated
dosag; form being cured at an effective temperature above the Tg
of the.plasticized acrylic polymer for such a time period that a
_stabilized drug dissolution profile substantially unaffected by
exposure to storage conditions of elevated temperature and/or
elevated relative humidity is obtained.

* The present invention is also related to a method foi.‘
cbtaining a stabilized controlled release formulation comprising
a substrate coated with a plasticized acrylic polymer. The ,
nethiod includes the steps of preparing.an aquecQs dispersion of
the acrylic polymer and preferably plasticized, prepaxring a
substrate comprising a therapeutically active agent, overcoating
the substrate with a sufficient amount of the dispersion of
acrylic polymer to obtain a predetermined controlled release of
the therapeutically active agent when the coated particlas are
exposed to aqueous solutions, and curing the coated substrate at
an effective temperature above the Tg of the plasticized acrylic
polymar foxr such a time period that an endpoint fis achieved ate
whicﬁ the coated substrate attains a drug dissolution profile
which is substantially unaffected by exposure to storage
conditions of elevated or changing temperature and/or humidity..

In a ruréher embodiment, the method further includes the

stecp of determining the endpoint for a particular formulation by
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exposing the formulation to various stages of the abovea-mentioned
curing and obtaining dissolution profiles for the formulation
until the dissolution profiles of the formulation are
substantially stabilized. The formulation is then modified, if
pecessary, to obtain a desired dissolution profile of the

therapeutically active agent based on the end point.

LED S
“In certain preferred embodiments of the present invention,
the acrylic polymer comprising the controlled release coating is
comprised of one or more ammonio methacrylate copolymers. .
Ammonio methacrylate copolymers are well kncun.%qéthe art, and
.are.desctibed in NF XVII as fully polymerized copolymers of
acrylic and methacrylic acid esters with a low content of

quaternary ammoniuwm groups.

- »

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

An exanple of a suitable controlled releﬁse formulation
pursuant ﬁo the present invention will provide a dissolption rate
in vitro of the dosage form, when measured by the USP Paddle
Method at 100 rpm in $00 ml agueous buffer {(pH between 1.6 and
7.2) at 37° ¢, is between 12.5 and 42.5% (by wt) therapeutically
active agent released after 1 hour, between 25 and 55% (by wt)
released after 2 hours, between 45 apd.?Si {by wt) releasaed after

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

~
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hours. This example is, of course, not intended to be limiting
in any mannsr whatsoever:

In ordar to obtain a desirable dissolution profile fox a .
given therapeutically active agent, such as that detailed above,
it may be necessaxy to incorporate th or more ammonio
methacrylate copolymers having Aifferinq physical proparties.
For example, it is known that by changing the wmolar ratio of the
quaternaxry ammonium groups to the neutral (wethjacrylic esters,
the permeability properties of the resultant coating can be
modified. )

In .a praeferred embodiment of the present invention, the
acrylic coating is derived from a mixture of two acrylic rasin
lacquers used In the form of agueous dispersions, commerclially
available from Rohm Pharma under the Tradename Eudragit® RL 30 D
and Eudragit® RS 30 D, respectively. Eudragit® RL 30 D and
Budragit® RS 30 D are copolymers of acrylic and methacrylié
esters with a low content of quaternary ammonium groups,: the
molar ratio of ammonium groups to the remaining neutral
(meth)acrylic esters being 1:20 in Eudragit® RL 30 D and 1:40 in
Budragit® RS 30 D. The mean molecular weight is about 150,000,
The code designations RL (high permeability) and RS (low
permeability) refer to the permeability properties of these
agents. Eudragit® Rnfis mixtures are inscoluble in water and in
dige;tive fluids, However, coatings formed from the same are

swellable and permeable in agueous solutions and digestive
fluids.

The Eudragit® RL/RS dispersions of the present invention may
be mixed together in any desired ratio in order to ultimately
obtain a controlled release formulation having a desirable
dissolution profile. Desirable controlled'release formulatlione

may ba obtained, for instance, from & r&tqrdant coating derived

“
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from 100% Eudragit® RL, 50% Eudragit® RL and 50% Fudragit® RS,
and 10% Eudragit® RL:Eudragit® 90% RS.

Yn addition to modifying the dissolution profile by al;er}ng
the relative amounts of different acrylic resin lacquerxrs, the
dissolution profile of the ultimate product may also be modified,
for example, by increasing or decreasing the thickness of the
retardant coating.

The aqueous dispersions of acrylic polymers used as coatings
in the present invention may be used in conjunction with tablets,
spheroids (or bead;), microspheres, seeds, pellets, lon-exchangs
resin beads, and other multi-particulate systems in ordsr to
obtain a desired controlled release of the therapeutically active
égent. Granules, sphéroids, o; pellets, ete., prepared in
accordanée with the present invention can be praesented in a

capsule or in any other suitable_dosage form. .

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

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

Internal élasticization usually pertains directly to -
molecular modifications of the polymer gur;nq its manufacture,
e.g., by copolymerization, such as altering and/ox substituting

functional groups, controlling the number of side chains, or
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controlling the length of the polymer. Such techniques are
usually not performed by.thé formulator of the coating solution.

Exteréal plasticization involves the addition of a material
to a film solution so that the requisite changes in £ilm
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 effactiveness at
interfering with polymer-polymer attachments. Such activiiy
imparts the desired flexibility by relievinhg molecular rigidity:_

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

Most preferably, about 20% plasticizer is included in the

agqueous dispersion of acrylic polymerx.

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

Incorporation of suiltablse plaétiéizets into the polymer

Y

matrix effactively reduces the Tg, so that under ambient
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conditions the films are softer; more pliable and oftan strongé},
and thus better able t& résist mechanical stress.

Other aspects of suitable plasticizers include the ability
of the plasticizer to act as a good "swelling agent" for the
ethylcellulose, and the insolubility of the plasticizer in water.

Examples of suitable plasticizers for the acrylic polymers
of the present invention include, but ars not limited to citric
acid esters such as triethyl citrate NF XVI, tributyl ciﬁrate,
dibutyl phthalate, and possibly 1,2-propylene glycol. Other
plasticizers which have proved to be suitable £ér enhancing the
alasticity of the films formed from acrylic films such as
Eudragit® RL/RS lacquer sclutions include polysthylene glycols,.
.propylene glycol, diethyl phthalate, castor oil, and triacetin.
Triethyi citrate is an especially preferrsd plasticizer for the
agueous dispersions of ethyl cellulose of the present iﬁvention.

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

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

A wide variety of therapeutically active agents can be used
in conjunction with the present invention. The therxapeutically
active agents {e.g. pharmaceutical agents) -uwhich may be used in

the compositions of the present invention include both water

soluble and water inscluble drugs. Examples of such

-
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therapeutically active agents.include antihistamines (e.g.,
dimenhydrinate, diphenhidrémine, chlorpheniramine and
dexchlorpheniramine maleate), analgesics (e.g., aspirin, codelne,
morphine, dihydromoxphone, oxycodone, etc.), anti-inflammatory
agents (e.g., naproxyn, diclofenac, indomethacin, ibuprofen,
acetaminophen, aspirin, sulindac), gastro-intestinals and
anti-emetics (e.qg., metoclopramide), anti-eplleptics (e.q.,
phenytoin, meprobamate and nitrezepam), vasodilators (e.g.,
nifedipine, papaverine, diltiazem and nicardirine), anti-tussive
agents and expectorants {e.g., codeine phosphate),
anti-asthmatics (e.g. theophylline), snti-spasmodics (e.q.
atropine, scopolamine), hoxrmones (e.g., insulin,:leparin),
‘diuretics (e.g., eltacrymic acid, bendrofluazide},
anti:hyﬁbtensives (e.g., propranoclol, clonidine), bronchodilétors
(e.g., albuterol), anti-inflammatory sterocids {e.q.,
hydrocortisone, triamcinolone, prednisone), antibiotics (e.g.,
tetracycline), antihemorrhoidals, h?pnotics, psychotropics, ’
antidiarrheals, mugolytics, sedatives, decongestants, laxatives,
antacids, vitamins, stimulants (including appetite suppressants
such as phenylpropanolamine). The above list is not meant to be
exclusive,

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

When the dispersion of acrylic resin is used to coat inarg
pharmaceutical beads such as nu pariel 18/20

beads, a plurallity

of the resultant stabilized solid controlled release beads may

thereafter be placed in a gelatin'cabsule,in an amount sufficient

to provide an effective controlled release dose when ingested and
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contacted by gastric fluid. In this embodiment, beads coated
with a therapeutically acti&e agent are brepared, e.g. by
dissolving the therapeutically active agent in water and then
spraying the solution onto a substrate, for example, nu pariel
18/20 beads, using a Wurster insert., Optionally, additional
ingredients are also added prioxr to coating the beads in order to
: assisE the hydromorphone binding to the beads, and/or 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 onté the beads. The
result;nt coated substrate, in-this example beads, may then be
-optionalgy overcoated with a barrier agent, to separate the
therapeutically active agent from the acrylic coating. An
example of a suitable barrier agent is one which comprises
hydroxypropyl methylcellulose. However, any film—former known in
the art may be used. It is preferred that the barrier agent does
not affect the dissolution rate of the f£inal product.

The hydromorphone, HPMC protected (optional) beads may then
be overcoated with the acrylic polymer. The dispersion of
acrylic polymer preferably further includes an effecti&e amount”
of plasticizer, e.g. triethyl citrate. Pre-formulated
dispersions of acrylic resins, such as various commercially
available forms of Eudragit®, such as Eudragit® RS300 and
Budragit® RL 30D.

The coating solutions of the present invention preferably
contain, in addition to the film-former, plasticizer,

and scglvant

system {(i.e., water}, a colorant to provide elegance and produckt
distinctlon. Color may be added to tha solution of the
therapeutically active agent instead, or in addition to the
overcoat. Suitable ingredients for éroviding color to the

formulation include titanium dioxide and color pigments, such as
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iron oxide pigments. The gﬁcdrpération of plgments, may, -
howaver, increase the retard effect of tha ceating.
Alternatively, any suitable method of providing color to the
formulations of the present invention may be used.

The plasticized coating of acrylic polymer may be applied
ontoe the substrate comprising the therapeutically active agent by
spraying using any suitable spray équipment known in the ;rt. in
a preferred method, a Wurster fluidized-bed system is used in
which an air jet, injected from underneath, fluidizes the core
naterial and effects drying vhile the acrylic polymer coating is
sprayed on. A sufficient amount of the coating to ;btain a
predetermined controlled release of the'thééapeutically active
agent when said coated substrate is exposed to aqueous solution;,
e.g..gastric fluid, is preferably applied, taKing into account
the physical)y characteristics of the therapeutically active
agent, the manner of incorporation of the plasticizer, etc.

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

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

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

formulation upon storage, as will be demonstrated by the examples

sat forth harein.
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The curing step pursuant to the present invention is
accomplished by subjscting the coated substrﬁta, e.g., beads, to
a temperature greater than the Tg of the coating formulation and
contiﬁuing the curing until an endpoint is reached at which the
coated formulation attains a dissolution profile which is i
substantizlly unaffected by exposure to storagse conditions of
elavated temperature and/or humidity. Generally, the curing time
is about 24 hours or more, and the curing temperature may be, for
example, about 45°C, It has further been dlscovered in the
present inventien that it is not necessary to subject the coated
substrate to hunidity levels above ambient conditions durinq.the
cyrinq %tep in order to achieve a stabilizéé end product.

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

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

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

preferable to cure the product for,'e.g., 36 hours. In certain
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prefarred embodiments, the groauct is cured for about 48 hours.
It is also contemplated herein that certain products coated with
the controlled release coating of the present invention may
require a curing time longer than 48 hourg, e.g., 60 hours or
mnorea. . .

Wwhen 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 pharmaceuticaily s

accepted inert pharmaceutical f£iller (diluent) maéerial,
including but not limited to sucrose, dextrose, lactoss,

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

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

temperature, elevated humidity and time ranges necessary to

obtain a stabilized product, will depend upon the particular
formulation.

ETA DESCRIPTION OF R) E ME
“The following examples ifllustrate various aspects of the

present invention. They are not to be construed ke timit the
¢laims. in any manner whabtsoaveruy '
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ExXample 1
Preparation -of Bydromorphone Beads

Hydromorphone beads were prapared by dissolving
hydromorphone HCl in water, adding Opadry® Y¥-5-1442, light pink
(a product commercially available from Coloron, West Point,
Pennsylvania, which contains hydroxypropyl methylcellulose,
hydroxypropyl cellulose, titanium dioxide, polysthylene glycol
and D&C Red No. 30 Aluminum Lake), 20% w/w, and mixing for. about
1 hour, and then spraying onto 5u pariel 18/20 beads using a
Wurster insert. The resultant preparation had the formula sgt
forth in Table 1 below: .

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

In Example 2, hydromorphone beads prepared in accordance
with Example 1 were overcoated with Eudragit® RS 30D to a 5%

weight gain as set forth in Table 2 below. HNo texminal drying

was conducted.

TABLE 2

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

100 86,4

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

were found to have agglomerated. -
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Dissolution tests were carried out via the USP Baskst
Method, 37°'C, 100 RPHM, firsi hour 700 ml gastric fluid at pH 1.2,
then_;hanqed to 500 ml at 7.5. The dissolution was conducted by
placing an open capsule containing an appropriate weight of beads

into a vessel. The results are set forth in Table 3 below:

>

LE
Hydromorphone HCl 12 wmg Controlled Rsleasad Capsules
Stability Performance Dalta

Hydyro—
mor- Avarage
rhone Fill Wt

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

37°C/80%RH .

1 mo. | 12.42 262.6 2.} 6.1 12.6 35.§“-56.2 75.% 86.1
The above results demonstrate that there was a profound

slowing of the dissolution of hydromorphone HCl from the coated

beads wvhen the beads were subjected to accelerated storage
conditions.

EXAMPLE 3
Protecting the Retardant Coating

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

The results of the dissolution tests for Example 3 are seat
forth in Table 4 below:



TABLE 4
Hydromorphone HCI 8'mg Controlled Releass Capsulas
Stability Data Summary

Hydro-

mor—- Average
Testing phone Waight
Tims HCY ing) L bhr 2 hr
Initial 8.49 166 100.0 100.0

J7°C dxy
1 mo. 8.49 167 100.0 100.0
2 mo. 8.49 167 100.0 100.0

: E 4, cont’
Hydroworphone HC1 8 mg Controllad Release Capsules

a

Stability Data Summary
17°C/80% RH '
1 mo. 8.495 167 100.0 100.0
2

mo. 8.49 170.3 100.0 100.0

The results of Example 3 show that the coated beade which
did not include a retardant coating weére stable.

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

humidity was 9% at 60°C.

EXAMPLE 4
Prioxr Art curing (According tg Literabure Recommendationg)

- In Example 4, hydromorphone beads prepared according to
Example 3 were coated with the Eudragit® RS to a $% weight gain.
After application of the coatinq,ithe beads were dried {cursd) at

45°C in a fluldized bed dryer for 2 hours. This temperature i€

above the Tg of Eudragit® RS 300D, plasticized with
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Triethylcitrate at 20% level of solids. Dissolution tests wers

b4

conducted lnitially, and after storage at 37°C dry and

37°C/80%RH. The results are set forth in Table § below:

TABLE S
Hydromorphone RHClL 8 mg Controlled Release Capsules
£ k%
Rydro-
mor~ Averaga
Testing phone Weight _
Time HCL img) L hxr 2 hr 4. hx B hx 13 hr 18 hr 24 hr
2 _hours* 8.50 178.5 8.0 21.8 45.7 79.3) 94.2
11 dissolution after curing

37°C dry :
1 mo, 8.50 177 16.8 25.8 44.2 &7.8 80.8 .

2 mo. 8.39 174 24.6 40.8 61.8 83.4 94.0 100.0 :
37°C/B80%RH .

L mo.° 8,50 174 48.8 60.) B80.7 94.0 100.0 -

.2 mo. 8.85 178 53.6 76.3 90.7 98,2 100.0

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

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

EXAMPLES S5-6
O G_TH o] G

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

and after storage at 37°C dry and 37°C/80%RH. The results are
set forth in Table § below:
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TABLE &
Hydromorphone HC1 8 mg Controlled Releasa capsules
. ability Data sum

Hydro-
mor~ Average
Testing phone Weight

Time HCl {mg) 1lhx 2.hx __hs §*h£ 12 hr 18 hr 24 hr

Initia §.29 180.5 6.9 17.2 5 $.8 80.2 100.0
4

&P -

3 mo. 8.42 178.3 9.4 17.9 63.1 81.6 91.8 97.2

37°Cc dxv )

1 mo. 8429 182 6.4 112.5 28.6 83.9 88.7 100.0 .

2 mo. 8.56 175 8.1 15.4 31,3 61.9 178.5 89.4

J mo. 8.30 177 6.8 14.2 30.3 61.4 77.8_. 89.8

37°C/80%RH

1 nmo. 8.29 186.7 15.7 34.8 68.4 88.0 100.0

. 2 mo. 8.41 182 1756 5.2 6600 83.2 94!7
3 wo. 8.78 181.7 12.2 28.2 85%,.,7 77.3 88.4

L -

A0V
. s o
» w3 D

-

In Exanple 6, Eudraqiﬁ°;boated beads prepared according to
Example 4°which were not cured were overcoated with 5% HPMC to
protect the retardant coating from.the environment. Dissolution
tests were conducted initially, and after storage at 37°C dry and
37°C/80%RH. The results are set forth in Table 7 below:

»

TABLE 7
Hydromorphone HCl 8 ng Controlled Release Capsules
Stability Data Summary

Hydro-
mor~ Average
phone Fill wt

Tine HC) dmg) 1 hxr 2 hr 4.0x 8 hr 12 hr 18 hr 24 hr
I al 8.28 178.3 0.7 10.5 34.0 68,3 85.1

[y

RT

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

1 mo. 8.28 178 l.4 2.4 6.2 27.3 61.8

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

3 mo. 8.20 172 1.1 4.1 8.8 30.3 61.2 84.6

FES) RH .

1 mo. 8.28 176.7 2.3 4.0 9.3 32.7 61.4

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

3 mo. B.26 177 1.3 4.1 2.3

30.4 62.3 87.7

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

other than preventing the spheroids‘(particulnrly the Budragit?

e,
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coated spheroids) from agglowerating at accelerated conditions,
the terminal HPMC overco;t did not stabilize the productse of
Examples 5 and 6. ©On the basis of these results, however, it was
hypothesized that, despite the fact that the dissolution changed
under accelerated conditions, the cured endpoint could be reached

at either dry or moist conditions at 37°C.

Examples 7-9 .
optimizing Curing and edi s o a ogti
The results obtained from Examples 2-7 indicated that the
dissélution of the beads overcoated with a retardant coating
seemed to slow down to a point and no further. Rowever, the

endpoint dissolutions achieved were too slow.

Since the hydromorphone in Fﬁe formulations had been
protécted from the environment, it was hypothesized that exposure
to accelsrated conditions (e.g., 37°C/80%RH} had the effect of
fuarther “curing" the retardant layer. Additional tests were

therefore conducted to determine processing conditions required

during manufacture to cure the product to its endpoint
dissolution.

In order to obtain a formulation having a more suitable
dissolution curve, and, r&hhet than reduca the coating to less
than S% weight gain, the more soluble Budragit® RL (methacrylic

ester 1:20 quatarnary ammonium groups) was included in the

retardant coat.

In Examples 7-9, the hydromorphone beads prepared pursuant

to Example 5. In Example 7, the retardant coating consisted of

100% Eudragit® RL. In Example 8, the retardant coating consisted

of 55% Budragit® RL and 50% Eudragit® RS. Finally, In Example 9,

the retardant coating consisted of 10% Eudragit® RL: Eudragit®

90% RS. Each of Examples 7-9 were coated to total weight gain of
5%.
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Each of the HPMc-protgcth‘ccatings of Examples 7-? were
cured to 1, 2, 6, B, 12 and 21 days at 45* C dry, at which times
dissolution studias as set forth in Example 2 wers conducted.

Only Example 9 showed a desirable release profile, and
curing was complete after only one day. Dissolution studies of
the products of Examples 7 and 8 showed the same to be immediate
release products, the amount/tyﬁe of retardant used not being
sufficient to prevent immediate releass of the drug (l.e., about
100% of the drug being released after one hour}, even after the
formulations weQu cured. gxample'Q was further tested by storing
under accelerated c¢onditions as follows. After curing for 21
_days,‘the samples of Examplé 9 were placed in a 37‘C/8BO0%RH oven,
and disgolution tests as set forth in Example 2 werse conducted -
after 7 and 30 days. Representative dissolution profiles for : -

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

TABLE 8

Hydromorphone HCl 8 mg MD CR Budragit® 5% Beads
curing Percent Hydromorphone HCl Dissolved
Time ¥t (ma) 1hr 2 hr 4 hr 8 hx 12 hr 18 hr 24hx
Initial , ’
Mean 191 16.6 53.} 69,3 86.7 95.6 99.3 100.0
1 _day )
Mean 190.7 7.1 33.1 66.6 87.3 99.5 97.9 99.9
2 davs

Maan 180.7 7.4 35.0 67.0 87.4 95.1 98.4 89.2
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TABLE 8 cont’d
Hydromorphone HCl.8 wmg MP CR Eudragit® 5% Beads
curing Percent Hydromoxphone HCl Dissolved
Time HE(mg) lhr 2hr 4hr 8 hr 312 hx 218 hr 24hr
3 _davs
Mean 190.7 8.0 36.3 67.7 86.6 83.3 - 96.8 98.4
10 _davys
Mean 191.3 7.2 36.5 68.5 88.5 94.8 98.0 9%.5
21 days '
Mean 191 6.9 136.1 6866.9 86.2 92.7 99.8 99.0
30 _days
Mean 190.3 5.83 31.9 65.2 82.7 90.4 96.3 86.7
-8 e 4
30°C/8Q%RH
2 _davys
Mean 190.7 5.9 25.1 62.7 84.46 92.6 97.6 99.5
30 days -
Mean 190.3 5.8 3X.9- 65.2 82.7 90.4 96.3 96.9

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

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

essentially stabilized.

EXAMPLES 10 - 12
Opti etardant C knegs

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

In Example 10, hydromorphone beads were prepared in

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

below:
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TABLE: 9
Hydromorphone HCl MD Beads

Inaredients Pergent (by wt)
Hydromorphone HCl 4.75% 4
Nupariels Pa 18/20 87.89% 74
Opadry Lt Pink Y-5-1442 2.38% 2
Opadry Lt Pink ¥-5-1442 4.99% 4,2

- 100% 84.2

The hydromorphone beads were then further processed in
accordance with Example S. In Example 10, the retardant coating,
was Eudragit® RS, Eudragit® RL 90:10 (5% w/w coating). The
formula for Example 10 is set forth in Table 10 below:

TABLE 10
Hydromorphone RCJ MD CR Eudragit® 5% Beads

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

100% 95.72mg

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

Tables 11 and 12, respectively, below:

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

Ingredients Percent {by wkt) Aamt/Unit (mad :
Hydromorphone beads 84.2% 84.2 ’
Eudraglt® RS 30D {90%) 6.07% 6.07
Eudragit® RL 300 {(10%) 0.67% 0.67
TEC {20% of RS & RL) 1.35% 1.35
Talc (40% of RS & RL) 2.70% 2.70
Purifisd water qs
opadry Lt Pink Y-5-1442 5.,0% 5.9

99.99% 99.99
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TABLE® 13

Hydromoxrphone HCl1 MD CR Budragit® 12% Sgheres
Ingredients ' c :
Hydromorphone beads 79.69% 84.2
Eudragit® RS 30D (90%) 8.61% S.1
Eudragit® RL 30D {10%) 0.95% 1.0 )
TEC {20% of RS & RL} 1.91% 2.02
Talc {40% of RS & RL) 3.82% 4,04
Purified water gs
Opadry Lt Pink ¥-5-1442 5.02% 5.3

100% 105.66

Each of Examples 10 - 12 were cured on paper lined trays in
a 45' °C oven for two days after the application of the Eudragit®
Controlled Release Coating and the HPMC 5% ovarcoating. ‘
Dissolution studies were then conducted on Examples 10 -~ 12..
. Initial dissolution profiles (after curing) of Example 10
showed it to resemble‘axgmple 8 {the products of both Examples
were overcoated with a 5% w/w: Eudragit® coating). After curiné
for 2 days, samples of Example 10 were subjected to further tests
at room temperature, and under accelerated conditions of
37°C/80%RK, 37°C dry and S0°C dry. Representative dissolution
profiles for Example 10 (mean results for three samples) are set

forth in Table 13 below:

TABLE_ 313
Hydromorphone HCL CR 8 mg Budragit® 5% cCapsules
Percant Hydromorphohe RCl Dissolved

Time i) h 4 8 2 hr 4
2_days*
Mean 191.3 6.3 36.2 69.3 87.8 97.3 100.0
*initial dissolution after curing
RT . ’
1 mo,

Mean 191.}1 6.0 30.8 63.1 83.4 91.8 96.3 97.9
371 ¢C/80%RH

:

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

:

Mean 194.3 11.4 35.6 70.7 90.5 96.8 100
372°C Dry

Mean 192.0 11.4 35.1 68.6 87.9 94.5 98,9 100
50°C Drvy
1 mo.
Mean *~ 191.4 11.1 41.4 70.6 90,4 96.5 100
is £ xa e 1 2 da B
1 _day .
Mean 190.7 7.1 33,1 66.6 87.3 99.8% 97.9 99.¢
2 _pDavs .
Mean 180.7 7.4 35.0 67.0 87.4 9S.1 98.4 99.2
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As can be seen from the dissolution rssults provided for
Example 10, although the dis;olution profile of the samples wexe )
not taken after 1 day of curing, the results obtained after 2 day
curing are substantially similar to the resuifs obtained for the
1 and.z day curings of Example 9. Therefare, it is hypothesized
that the product of Example 10 was also stable after one day
curing.

After curing for 2 days, samples of Example )1l were tested
for dissolution, 'and then samples of Example 1l were exposed to
accelerated conditions of 37'C/802RH for one month.

Repreeentative xnltxal dxssolution profiles (mean raesults for

three samples) fox Example 11 are set forth in Table 14 below:

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

2_days?*

Mean 201.3 0.8 3.3 40.0 78.4 90.7 97-.5 899.9
*initial dissolution after curing

37°C/80%RH

l n!o -

Mean 7.3 8.6 34.1 72.8 85.5 93.2 -97.2

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

;

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

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

and under acceleratad conditions of 37°C/80%RH, 37°C dry and 50°C
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dry. Representative dissolution profiles (mean results for three

samples) for Example 12 are set forth in Table 15 below:

. TABLE 15
-~ Hydromorphone HCl1 CR 8 mg Eudragit® 12% Capsules
Percent Hydromorphone HC) Dissolved

Time Wtiwg) L hr 2 hr 4 hr 8 hr 212 hy 1318 hr 24hr
2 _days* .
Mean 215.3 0.8 3.1 9.3 70.9 90.4 100.8 104.8

#initia)l dissclution after curing
RT -
1 _mo. .
Mean 210.8 (¢} i.8 4.6 62.9 84.3 96.1 99.8

3171 c/89%RH
1l mo,
Mean 213.8 2.2 4.8 7.2 50.8  74.3 87.3 93.3

37:C Oxy

-

1 M .
Mean 210.4 0.8  -2,2° 6.9 $9.7 82.2 96.3 100

80°C Dry .
1 mo. .
Mean 207.3 - 1.6 1.5 3.3 - 5.5 76.2 50.9 97.4

As can be seen from the dissolution results provided above
for Example 12, the dissolution results obtained with Example 12
showed slower release rates of hydromorphone as compared to the
thinner retardant coatings of Examples 10 and 11, as expected. =
The overall results obtained after 2 day ocuring are substantially
similar to the results obtained under accelerated storage
conditions of 37°C/BO%RH, with the exception of the percent drug
dissolved at the 8 hour and 12 hour points. Thaese results might
indicate that at high loads of retardant coating, it way be
necessary to cure the coating for a longer period of time to

attain a stabilized formulation.

EXAMPLE 13
Mox ne sulft ed

In Example-13, the curing step of the present Ilnventlon was

applied to a formulation in which morphine sulfate was

substituted as the drug.
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A suspension of morphine 'sul'fate and HPKC (opadxy® Clear
¥-S~-7095) was applied onto ;8/2o'mesh nupariel beads in a fluia
bed dryer with a Wurster insert at an inlet temperature of 60°C.
An Opadry® Lavendexr YS-1~4729 HPMC Base filmcoating suspension
was then applied after drug loading as a protective ocoat at a 5%
weight gain,

‘after the overcoating process was completed, the morphine
sulfate beads were then overcoated with a retardant coating
nixture of Budragit® RS 30D and Eudragit® RL 360D aé a ratio of
90:10, RS to RL, at a 5% weight gain level. The application og'
this mixture of Budragit® RS 30D and Budragit® RL 300 along with
?alc (ihcluded as an-auti~tacking agent) and triethyl citrate
{plasticizer) was done at an, inlet tempe;ature of 35°C in a
Wurster Insert. .

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

MAfter completion of the final filmecoating process, the

moxphine sulfate beads were cured on paper lined trays in a 45°C

dry oven for 2 days. After curing, the beads were filled into

.gelatin capsules at a 30 wg morphine sulfate stfength. The fiqal'

formula is provided in Table 16 below:

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

Total: 359.1 mg
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Dissolution stability studies were then conducted on the
product of Example 13 after the above—méntioned curing step at
gtorage conditions of room temperature, 37°C/80%RH, 37°C dry, and
50°C dry after one month and after two moafhs. The results are
set forth in Table 17 below:

TABLE 17
Morphipe Sulfate CR 30 mg Budragit® 5% Capsules
Percent Morphine Sulfate Disgolved
Time Ahr 2br 4 hr € hr 8 hr 12 hx 18 hx 24hr
2 days*
Mean 0.0 43.5 74.9 - 9.8 85.3 99.8 100
*initial dissolution after curing

m »
1 _mo. .
Mean 0.0 346.9 73.8 86.9 92.2 96.5 99.9 100
2 mo.
Mean - 2.8 17 72 . 82 88 92 96 39

37°C H ) *
Mean 0.0 28.4 70.3 84.8 92.1 97,7 100

Mean 1.9 30.1 68.4 79.9 87.0 983.5 95.6 97.8

Mean 0.0 J2.0 72.5 86.0 93.2 97.3 100

Mean 0.9 26.4 67.5 78.8 8B.6 94.0 98.0 99.5

Mean 0.0 37.7 4.1 89.3 93.7 98.5 100

¥ean 2.0 33.0 74 85 94 98 100

The results set forth in Table 17 demonstrate that the
curing process stabilized the dissolution profile of the wmorphine
sulfate to an endpoint dissolution rate which substantially

remained constant, even for the samples stored undar accelerated

conditions.,

The examples provided above are not meant to be exclusiva.
Many other varlations of the present lnvention would be obvious

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

the scope of the apponded claims. |



| R A

WHAT I8 CLAIMED 18: 31

1. A method for obtaining a stabilized controlled release
formylation comprising a substrate coated with an agueous
dispersion of an acrylic polymer, comprising

preparing an aqueous dispersion of a plasticized
acrylic polywer, _t‘ : : ‘

preparing a solid substrate comprising a
therapeutically active agent,

ovarcoating said substrate with a sufficient amount ;f
said aqueous dispersion of plasticized acrylic polymer to obtain
a predetermined thtrclled release of said therapeutically active

agent when sald coated substrate is exposed to aqueous solutions,
and -

-

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

elevated temperature and/or humidity.

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

until the dissolution profiles of the formulation are

substantially stabilized.

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

therapeutically active agent based on said end point.

This Sheet Has Been Reilaced
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4. The methsd of‘clahn%a further-coﬁprisinq preparing
said substrate for orsl adwministration by coating sald
therapeutically active agent'onto the surface of pharmaceutically
acceptable beads, and preparing an oral dosage form by placing a

sufficient quantity of cured coated beads into a capsule.

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

therapeutically active agent into a tablet.

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

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

(metl)acrylic esters of about 1:40, with a suitable plasticizing

agent.

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

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

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

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

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

cured for about 48 hours.
aced

“‘i\\\\\\\\\\\\\\\\\\\\\\\\
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11. The method of claim-4, wherein said therapeutically
active agent is selected from the.grcup consisting of
antihistamines, analgesics, ‘anti-inflammatory agents,
gastro-intestinals, anti-emetics, anti-epileptics, vasodilators,
anti-tussive agents, expectorants, anti-asthmatics,
anti-spasmodics, hormones, diuretics, anti-hypotensives,
bronchodilators, anti-inflammatory stercids, antibiotics,
antihemorrhoidals, hypnotics, psychotropics, antidiarrheals,
mucolytics, sedatives, decongestants, laxatives, antacids,

vitamins, and stimulants,

-

12, The-peéhcd of claim 1, wherein said therapeutically
active agent is selected from the group consisting of
gydrcmorphone, oxycddone, dihydrocodeine, codeine,
dinydromorphine, morphine, buprenorphine, salts of any of the

foregoing, and mixtures of any of the foregoing.

13. The method of claim 1, wherein said therapeutically

active agent is theophylline.

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

15. The stabilized product prepared according to the method

of claim 4.

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

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

sald substrate overcoated with an aquecus dispersion of a

This Sheet Has Been R
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plasticized acryiié polymer and cured at & temperature greater
than the glass transition temperature of the aqueous dispersion
of the plasticized acrylic polymer for at least about 24 hours,
such that the coated subsgtrate attains a stabjilized dissolution
profile substantially unaffected by exposure to storage
conditions of elavated tenperature and/ox elevated relative

hunidity. - ?

18. The stabilized controlled release solid dosage form of
claim 17, wherein said therapeutically active agent is overcoated
with said agqueous disperslon of plasticized acrylic polymer to a
weight gain level from about 5 to about 15 percent.

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

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

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

21. The stabilized controlled release solld dosage form of

claim 17, wherein said substrate comprises an inert

Py

pharmaceutically acceptable bead onto which said therapeutically
active agent is coated.
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22. The stabilized ‘controlled release solid dosage form of
claim 21, vherein 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 gastric

and intestinal f£liuid,

23. The stabilized controlled release solld dosage form of

claim®17 which has been cured for a time period from about 24 to

about 48 hours.

X 24. The stabilized controlled release solid dosage form of
claim 17 which has been cured for about 48 hours.

25. The stabilized controlled release solid dosage form of
claim 17, wherein said substrate is compressed with ér-w;thout

additional inert ingredients into a tablet.

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

antidiarrheals, mucolytics, sedatives, decongestants, laxatives,

antacids, vitamins, and stimulants.

27. The stabilized controlled release s0lid dosage form of
claim 17, vherein said therapeutically active agent is selected

from the group consisting of hydromorﬁhone, oxycodone,

dihydrocodeine, codeine, dihydromorphine, morphine, =~~~ = 7
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buprendrphine, salts of any of the foregoing, and mixtures of any
of the foregoing.
' 28. fThe stabilized controlled release solid dosage form of

claim 17, wherein said therapeutically active agent is

theophyllina,

29. A stabilized controlled release solid dosage form
comprising

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

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

humidity.

30. The stabilized controlled release solid dosage form of

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

about 48 hours. .
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31. The stabilized controlded release so}id dosage form of

-

claim 29 which has been cured for about 48 hourxs.
32. The stabilized controlled release solid dosage form of
claim 29, wherein said substrate is compressed with or without

additional inert ingredients into a tablet.

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

. dihydrocodeine, codeine, dihydromorphine, morphine,

buprenbrpﬁlne} and salts of any of the foregoing.

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

effective controlled release dose when contacted by an agueous

» .l
solution. }

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

antacids, vitamins, and stimulants.
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claim 29, wherein said therapeutically active agent is

theophylline.

37. A stabilized solid controlled release dosage form
comprising a substrate comprising a therapeutically active agent,
said substrate overcoated with a controlled reieés; coating
derived from an agueous dispersion of a plasticized amnonio
methacrylate copelymexr which has been stabilized by curing at a*
temperature above the glass t;ansition temperatuxre of the
) plasticizeq ammonio methacrylate copolymer for a time period
necessarj:to obtain a final product which exhibits an in vitro
release of said therapeutically active agent which is
substantially unaffected by exposure to storage conditions of

slevated temperature and/or elevated relative humidity.
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