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It is the aim of all controlled release preparations to

provide a longer duration of pharmacological raesponse after the
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
bré&ght 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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The ingredients used in sustained release dosage
formulations often present séecial problems with regard to their
physical stability during storage. For example, waxes which have
been’used in such formulations are known to undergo physical
alterations on prolonged standing, thus precautions are taken to
stabllize 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 formsa. Methods of.using

these polymers to deveiop controlled release dosage forms such as
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tablets, capsules, suppositories, spheroids, beads or

microspheres are to overcoat ‘the individual dosage units with
these hydrobhobic polymers. It is known in the prior art that
these hydrophobic coatings can be applied either from a solution,
suepension or dry. S8ince most of these polymers have a low
solubility in water, they are usually applied by dissolving the
polymer in an organic solvent and spraying the Qolution 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 fbrm. .

i The use of organic solvents in the preparation of polymer
coatings is considered problematic as the formulations h&ve
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.
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For axample, Dreasman, et al., Proceed. Intern. Symp.
Control. Rel. Biocact. Mater., ia {1991), pp. 654—655, Controlled
Releasgse Society, Inc. reported on tests conducted which showed
that phenylpropanolamine HCl pellets coated with an ethyl
celluloge~based film are only stable at room temperature under
ambient humidity conditions. In these experiments, =
phenylpropanolanine HCl was overlaid on sugar seeds to a 76%
loading, and 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, thg
rate of release may be effected, especially if the samples were
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
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temperature, while the effect of relative humidity (RH) appeared
to be insignificant. '

The authors concluded therein that the decreased rate of
release was due to the slowing in the rate of molecular diffusion
of the drug across the polymeric coating material, and squeste&
that the change wae 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 foxrm, rather éhan 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
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release pattern of a therapeutically active agent(s) contained

therein. _

The present invention further relates to the surprising
discovery that when the coated formulation is exposed to certain
elevated or "stressed"” conditions of temperature and humidity 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 stabilized
controlled release solid dosage form for oral administration, .
conprising a plurality of inert pharmaceutically acceptable beads
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
| ethylcellulose coated beads are cured un§gr stress conditions,

i.e. at a temperature and relative humidity elevated to a
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suitable lgvel above ambient conditions to attain a finished
prod;ct which hae a dissolution prot;le which is substantially
unaffected by exposure to storage conditions of elavated
temperature and/or humidity.

The present invention is further related to a stabillized
solid controlled dosage form comprising a therapagtically active
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
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subg}antially stabilized. The formulation is then modified, if
necegsary, to obtain a desired.dissolution profile of the

therapeutically active agent based on the end point.

DETAILED DESCRIPTION

Ethylcellulose, 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
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be lesser or greater depending upon the physical properties of
' the therapeutically active agent and the desired release rate,
the inclusion of plasticizer in the aqueous dispersion of
ethylcellulogse and the manner of incorporation of the same, for,
example.

An example of a guitable controlled ralease formulation
pursuant to the present invention will provide a.dissolntion 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 4Z.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
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a stabiliger. After homogenization to generaté submicron

droplets, the oxganic solvent is evaporated under vacuum to form
a pseudolatex. The plasticizer is not incorporated in the i
pseudolatex during the manufacturing phase. Thus, prior to using
the same ags a coating, it is neceésary to intimately mix the
Aguacoat® with a suitable plasticizer prior to use.

Hith respect to handling and storage conditions, FMC states
that aAquacoat® 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 .
aqﬁeous disbersion which can be applied directly onto substrates..
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The coating formulations of the present invention should 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 aqueous dispersion of
ethylcellulose used in the present invention include an effactive
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
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temperature {Tg) of the polymer. The glass transition

temperature is related to the'temperature or temperature range -
where ﬁhere 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.

Below the Tg, the polymexr chain mobility is severelf
restricted. Thus, for a given polymer, if its fg is above room
temperature, the polymer will behave .ae a giass, baing hard,
non~pliable and rather brittle, properties which could be
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 f£ilms are 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
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

-
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ethylcellulose, altering the manner. in which the plasticizer is

added to the aqueocus dispersion of ethylcellulose, by varying €he
amount of plasticizer relative to ethylcellulose, by the
inclusion of additional ingredients or excipients, by altering
the method of manufacture, etc.

A wide variety of therapeutically active agents can be used
in conhjunction with the present invention. Tbe'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.
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In certain preferred embodiments, the therapeutically active

agent comprises hydromorphone; oxycodone, dihydrocodeine,
codeline, dihydromorphine, morphine, buprenorphine, salts of any
of the foregoing, and mixtures of any of the foregoing, and the
like.

¥hen the aquecus dispersion of ethylecallulose is used to
coat inert pharmaceutjcal 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 18/20 beads, using a Wurster insert., Optionally,
addition#l 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
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an affective amount of plasticizer, a.g. triethyl citrate.
Pre-~formulated aqueous dispersions of ethyicellulose, such as
Aquacoat® or Surelease®, may be used. If Surelease® is used, it
is not necessary to separately add a plasticizer.

The coating solutions of the present invention preferably
contain, in addition to the :ilm-former, plasticizer, and solvent
system (i.e., water), a colorant to provide eleg#nce and product
distinction. Color may be added to the solution of the
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.
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Curing is traditionally carried out, if at all, via a forced-air
oven at 60°C for anywhere fraﬁ 2-24 hours. This standard curing
does not stabilize the dissolution profile of the formulation, as
will be demonstrated by the examples set forth herein.

The curing step pursuant to the present invention is
accomplished by subjecting the coated beads to "stressed
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 .
substantially constant dissolution profile. In contrast, the
cured products of the present invention provigde a releagse 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.
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In ce;tain embodiments of the pressnt invention, the
stabllized product is obtained via an oven curing conducted at a
temperature of about 60°C and a relgtive.hunidity from about 60%
to about 100% for a time period from about 48 to about 72 hours.
This _is the case for the hydromorphone beads described in the
examples providgd below. Rowever, one skilled in the art will
recognize that necessary curing conditions may bé 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.



18
DETAILED DEBSCRIPTION OF TEE

PREPERRED EMBODIXENTA
The following examples illustrate various aspects of the
present invention. They are not to be construed to limit the

claime in any manner whatsoever.

EXAMPLE 1

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

Opadry® " (overcoat) a2
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 final overcoat.

B - C o ar Co *
Ingredient Pexcent
Hydromorphone beads 80.57%
Aquacoat® ECD 30 12.06%
Triethyl citrate _ 2.39%

Opadry® ILt. Pink - __4.98%
Y-5-1442 (Overcoat) 100.0%
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The product was then divided into four portions. 1In Example

1, the coated beads were placéd in a 30 oo amber glass vial and
cured in an oven for 72 hours at 60°C/85% relative humidity. In
COmﬁirative Example 1A, the coated beads were cured for 24 hours
at 60°C under dry conditions. In Comparative Example 1B, the
coated beads were cured for 72 hours at 60°'C under dry
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
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 -
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 1.2,
then changed to 900 ml at 7.5. In each instance,.the dissoluti;n
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, :
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TABLE 3 - ROOM TEMPERATURE

Hydromorphone HCl Disgolution )

Time (wks) ——fibmount) _2_ .2 3 __ .8 _ 12 18 24
Initial 8.14 mg 0 4.6 39.5 52.6 64.7 76.6 82.8
h 7.95 mg 0 5,1 30.3 55.0 67.4 79.8 88.¢
4 7.80 mg 1.3 8.2 33.5 57.4 70.0 82.8 90.9
8 7.78 ng 0.7 6,0 30.5 54.0 66.4 78.0 88.2

kS

Hydromoxrphone HCL Dissolution
Dime (wks) f{amount) .1 __2 .3 .8 12 A8 _24
Initial 8.14 ng 0 4.6 29.5 52.6 64.7 76.6 82.8
1 7.86 ng 0 6.0 30.8 55.3 68,0 81.6 89.7
8 7.73 ng b § 5.8 31.3 57.5 64.6 82.7 91.6
- 37
Hydromoxrphone HCL Digsolution
Time (wks) —fAmount) 1. _2_ 3. _8. 12 18 24
Initial .8.19 mg 0 .4.6 29.5 52.6 64.7 76.6 82.8
b 7.85 ng 0 5.6 31.0 55.1 68.5 80.3 88.1
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
»

Hydromoxrphone HCl Dissolution
Time (wke) —fAmount) 1 .2 .3 8  _22 _18 _24

Initial 8.14 mg 0 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 90.5

Hydronoxphone HCL Dissolution
Tine (wks) ' f{Amoupt) _ .1 .2 3. _8_ 12 .18 24

[

Initial 8.14 my 0 4.6 29.5 52.6 64.7 76.6 82.8
i 8.13 mg 0 6.7 34,6 57.8 70.3 82.1 906.5
4 8.30 mg 2,7 10,6 36.6 56.8 68.7 80.4 85.6
8 7.24 ng 3.6 11.9 37.4 58.4 71.1 80.6 89.3

-~
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TABLE 8 - 60°C/100% RH
Hydromorphone HCl Dissolution
Time (wks) —f{Amount) 31 _2 _3 '~ _8., 212 18 24
Initial 8.14 mg 0 4.6 29,5 52.6 64,7 76.6 82.8
1 7.26 ng 6.1 9.9 23.4 42.4 53.31 63.1 72.5
4 6.64 mg 195 23.7 32.5 41.4 46.7 53,0 51.7
8 . 5.38 mg 25.1 28.4 33.2 40.0 44.1 47.7 52.0

*

In contrast, the dissolution profiles of Comparative

Examples 1A, 1B and 1C continued to slow 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
7.8 3ks 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
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- Co ativ
Hydromorphone .
HCl
—{2mount)
8.71 mg 0.7 15.3
8.40 ng 1 14.2
8.84 mg 2.7 14.5
8.78 mg 2,5 12.4
8.71 ng 3.2 17.5
8.57 mg 2.9 18.2
6.10 mg 15.7 20.3

c

Dissolution

-1 _2 _3 .8 .2 .18 _ 24

41.9 60.7 71.2 82.4 86.7
39.8 58.8 69.1 79.1 8742
40.5 60.4 71 81.3 89.8
37.8 54.6 63.8 73.3  *

42.3 61.1 70.8 81  87.9
43.4 62.5 73.6 84.3 *

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 dissolution

profile of Comparative Example 1A, comparing the initial

dissolution profile with the dissolution profile after 8 weeks

storage at 37°C/803RH.

Figure 3 is a graphical representation of the dissolution

profile of Comparative Example 1B, comparing the initial

storage at 37°C/80%RH.

dissolution profile with the dissolution profile after 8 weekﬁ

Figure 4 is a graphical representation of the dissolution
[ 3

profile 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

the results depicted in Figures 2-4 (the comparative examples),

it is readily apparent that only in Example 1 wers the initial

and 8 week dissclution profiles substantially identical under

storage conditions of 37°C/80%RH.
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brigure 5 ie a graphical representation of the dissolution

profiles of Example 1, comparing the initial dissolution profile
with the dissolution profiles obtained after 8 weeks storage *
under various conditions (room temperature; 37°C/80%RH; and 60°C
dry). The dissolution profiles of Example 1 after 8 weeks under
these varlous conditions 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
{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 amt/Unikt
Hydromorphone heads 80.57% 84.2ng
Aquacoat® ECD 30 12.06% - 12.6mg
Triethyl citrate 2.39% 2.5mg s

Opadry® Lt. Pink (Overcoat) 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
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dissolution studies were then conducted in the manner set forth

in Example 1 on three samples ‘at the following time points:

initial, 1 day, 2 days, 7 days, and 21 days in order to determine
the stability of the Aissolution profile.

DPissoluticn studies

were conducted as detalled above on the three samples.

results are set forth in Table 13 below:

Initial
1
2
7
21

L

TABLE 13
Disgolution (Tima)
Time (Dayg) Wt (mg) 1 hr 2 _hr

196.7 15.6 43.8 68.7 89.9
196.3 3.7 37.5 63.5 B4.9
196.3 4.8 37.0 62.9 84.8
197.3 13.5 37.8 63.3 84.9.
187.3  17.4 36.5 58.4 77.9

From the results set forth in Table 13 above, it is appar;nt

The mean

4hr 8hr 12 hxe 18 hrs 24 hrs

101.0
97.5
95.1
98.8
88,9

109.2
107.2
104.7
108.6

98.2

113.8
112.3
lli.8
115.9
103.1

‘that a profound slow down in release rate of the samples of

Example 2 cccurred, as compared with the high temperature/high

hunidity 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.

» In Example 3, another attempt to stabilize Aquacoat® ocoated

To

hydromorphone HCl beads using the premise that high temperature

is not enough to insure complete coalescence 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
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sanples at the following time points: 1 day, 2 days, 7 days and

11 days. Mean results are set forth in Table 14 below:

IABLE 14

pPisseclution (Time)
Time (Dave) Wtimq) Jl hr 2.hr 4.hr 8. hx 12 hrxe 18 hrs 24 hrs

1 210.7 27.7 53.3 77.3 95.7
2 209.7 25,9 50.3 74.3 94.2
7 ) a09.7 24.8 48.3 73.1 95.2
11 210.3 24.0 45,4 70.5 94,9

From the results set forth in Table 14 above, it is apparent

103.4 108.2 110.4
101.9 106.4 11.0.2
102.7. 1lo08.5 112.6
203.9 112.3 115.9

that a profound slow down in release rate of the samples of

Example 2 occurred, as compared with the high temperature/high

hunidity 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.

Hydromorphone beads were prepared by dissolving

hydromorphone HCl in water, adding Opadry®, and mixing for about

1 hour, and then spraying ontc nu pariel 18/20 beads using a

Wurster insert. The resultant coated beads were then ovexcoated
with Opadry® Y¥-5~1442 light pink (1S% w/w).
overcoated with a agueous dispersion of Aquacoat® to a 15% Qeight

gain according to Table 15 below:

TABLE 15

Inaredient Percent (wt)
Hydromoxrphone beads 84.7
Aquacoaz2 cDh 30 12.7
citroflex®2a . _

. (Triethylcitrate) sg_g

The beads were theﬁ

But/Unit

80 mg
12 mgy

4.4 pg
94.4 ng

After the résin 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
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Tg for Aquacoat® plasticized with triethyl oitrate at 20% levelm
of solids. '
The cured beads were then stored at room temperature, with
dissolution studies being conducted initially and at 3 months.
Samplgs vwere also stored at 37°C/80% RH. The mean results are

‘provided in Table 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
temperature were acceptable. 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 dlssolution results are provided 1n.
Table 17 bhelow:

IABLE 17
»

Time  Mean wh lhx 2hr 4bx8hx 12 hxs 28 hre 24 hrs
Initial 283,.2 30.4 49.0 70.3 89.1 97.0 101.3 102.1°
A7° Dbry _

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 63.5 84.3 95.6 - -

7:¢/8 _
2 wks  283.2 16.6 39.1 60.5 80.1 89.8  99.8  103.4

From the results gset forth above, it i=s gpparent that

>

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



w

. 27
not come to the same endpoint as at 37°C/80% RH. Thus, the

combination of both moisture and heat was required to complete

the curing.

EXAMPLES 5-7°

To test the effectiveness of high temperature (60°'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.
Zngredient Pexcent
Hydromorghone beads 84.2% 84.2mg
Aguacoat® ECD 30 4.7% 4.2mg
Triethyl cltrate
100% 89.24nmg
" TABLE 19 - Composition of EX, 6 After Coating
. Pergent Ant/Unit
Hydromorghone beads 89.3% 84.2ng
Aquacoat® ECD 30 8.9% 8.4mg
Triethyl citrate —3.8% .
100% 94 .3mg .

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

friethyl citrate . 0.9% -2.5nq9
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



28

containing the Aquacoat®-coated beads wefe then placed in a 60°C
oven for 72 hours. Thereafter: the batches were renoved from the
ovens, The beads appeared moist and therefore were dried in a
lab line fluid bed dryer for one hour. They were then overcoated
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:

[*) - 8 il w

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
solutio = Jo te

Time (Davs) 18 hrs 24 hxe
Initial 200.3 9

7.5 27,9 48.5 68.1 76.2 90.3 88.
28 210 9.9 32.4 52.6 67.8 77.9 85.9 - 90.9
TABLE 23
solutio - at®
b .
Time (Daye) A2 hxe 28 hxs 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 6

In Example 8, Hydromorxphone beads overcoated with 10% of éhe
Aquacoat® are prepared in accordance with Example 6. The
hydromorphone beads of Example 8 have the following formula set
forth in Table 24 below:
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TABLE 24
Ingzedient ' Percept Ant/Unit
Hydromorphone beads 89,3% 84.2 mg
Aquacoat® ECDI0 8,9% 8.4 mg
Triethyl citrate ~1.8% 1.7 mq9
100% 94.3 mg

To test the effectiveness of curing at a.lower relative
humidity compared to Example 6, the above beads were cured for 72
hours at 60°C at 60% relative humidity (rather than 85%RH).
Similar initial results were obtained for Example 8 as compaé;d
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:

IABLE 25
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

Hydromorphone 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%
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The batch was then divided inté two portions. Example 9 was
cured at 60°C/85% RH for 3 days (72 hours), and then dried in a
fluid bed. dryer for 30 minutes at 60°C to dry off the excess
moisture. 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 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
Aquacéat‘), 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,
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products using either coating may be modified to obtain

satisfactory results.

EXAMPLE 11
"The following example illustrates the stabllization of
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 same 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 became:

IABLE 29

Inaredient ng/capsule Pexcent
Morphine sulphate sng? 30.0 8.51% -
Nu~pariel beads 18/2 255.0 72.36%
Opadry® Clear ¥-5-7095 15.0 4.26%
Opadrxy?® Lavender ¥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 A2.6 __4,99%

352.4 100%

An initial dissolution of the capsules was conducted using
the USP paddle method at 100 rpm in 900 ml of water, and again
after storage at 37°C/80% relative humidity, and at 60°C dry for
one month. It was observed that a stable froduct was made. The

results are set forth in Tablie 30:
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C
Percent Morphine Dissolved
37°C/80% RH

Tine after '

Hxs Injtial 1 _Mo

l 15.7 l16.6

4 53.0 51.4

8 84.4 83.3
*32 96.5 94.4

EXAMPLE 12

60°C
after

d_Mo
15.3
54.9
90.4
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,0 30.0 7.65%
Nu-pariel beads 18/20 255.0 65.0%
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%
Opadrxy® Lavender Y-S-1-4729 a.8 0
392.3 100%

An initial dissolution of the 30 mg morphine sulphate -

capsules was conducted as described in Example 10 and again after

storage at 37°C/100% relative humidity and 60°C dry for one

nonth.

The results are set forth in Table 32 below:

TABLE 32
Bercent Morphine Digsolved
Time 37°C/80%RH
Hxs Initia)
1 0 3.1
- 4 181 19.4
8 T 49.2 49.4
12 66.3 68.2

It was again observed that a stable product was made.

60°C

17.8
45.7
65,9
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EXAMPLES 13-14

In Example 13, the applicability of another medicamept,
theophylline, having very different physical properties compared
to hydromorphone is demonstrated.

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 is 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 ﬁpo.o

72 hours at 3.2 5.3 7.0 7.9 11.0 14.1 35.8
60°C/85% RH - ’ :
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From the above, it was determined that theophylline

sphexoids coated with Aquacoat® also are not stable and need to
be cured. After storage at 72 hours at 60°C and 85% relative
humiaity, a dramatic drop in dissolution rate occurred; however,
such conditions may, in some instances, represent "ideal” curing
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 example, included 10%¥ HPMC (hydroxypropyl methyl
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
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formulation wae increased to 100% theophylline dissolved in 12

hour;. The results are set forth in detaill in Table 35 below:

TABLE 35
ihr. 2br 4hr B8hr 12hr
Cured 17 38 68 97 100
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.
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WHAT I8 CLAYNED IS:

1. 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 plasticized
ethylcelluloss,

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
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

" 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 -
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.

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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4. The method of claim 1, further comprising preparing
sajid substrate for oral administration by coating said
therapeutically active agent onto the surface of pharmaceutically
acceptable beads, and preparing an oral dosage form by placing a

suffiocient 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, 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, an;i-emstics, anti-epileptics, vasodilators,
anti-tussive agents, expectorants, anti-asthmatics,
anti-spasmodics, hormones, diuretics, anti-hypotensives,
bronchodilators, anti-;nflammatory ste;oids, antibiotics,

antihemorrhoidals, hypnotics, psychotropics, antidiarrheals,

-
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mucolytics, sedatives, decongestants, laxatives, antacids,

vitamina, and stimulants.

10. The method of claim 1, wherein said therapeutically
active agent is selected from the group consisting 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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16. The stabilized solid controlled release dosage form of

claim 15, wherein said therapeutically active agent is overcoated

with said aqueous dispersion of ethylcellulose to a weight gain

. level from about 5 to about 15 percent.

17. The stabilized solid controlled release dosage form of
claim 16, further comprising an inert pharmaceutically 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 aqueous

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, )

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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21. The stabllized solid contrqlled release dosage form of
clain 15, wherein said therapeutically active agent is

theophylline.

22. A estabilized controlled release sclid dosage form for
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 coatiﬁg
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

golution.

/
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'25. The stabilized solid controlled release dosage form of
claim 22, wherein said therapdutically active agent is selected
from the group consisting of antihistamines, analgesics,
anti~Iinflammatory agents, gastro-intestinals, anti-emetics,

i anti~epileptics, vasodilators, anti-tussive agents, éxpectorants,
anti-asthmatics, anti-~-spasmodics, hormones, diuretics,
anti-hypotensives, bronchodilators, 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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29. A method of stabilizing a substrate comprising a

2

therapeutically active agent hdving a overcoating derived from an

aqueous &ispersion of plasticized ethylcellulose in an amount
sufficient to obtain a controlled release of the therapeutically
active agent when the coated substrate ;a expoged to aqueous
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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