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1. Me refiero al asunto de la referencia.
. 1
i

‘ . . , i
2. Por medio del presente, atentamente me permito manifestar que

hubo un cambio de apoderado para todos los asuntos de la Propiedad
Industrial en Bogoté de la sociedad GRUNENTHAL GmbH. ‘

|
!

. - |
3. En consecuencia, atentamente solicito a ese Despacho reconocerme

personeria en este asunto, de conformidad con la sustitucion de poder

adjunta, otorgada a favor de la SUSCRITA. ;

4. Por lo tanto, ruego a usted notificarme de las providencias

expedidas dentro de este expediente y notificadas al anterior apoderado,

que actualmente se encuentran pendientes de cumplimiento o de
respuesta.

5. Solicito a ese Despacho procedet de conformidad.

Atentamente,
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ALICIA LLOREDA RICAURTE @
T.P. 53215
Cédigo 231
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Yo, JOSE ANTONIO LLOREDA, mayor de edad y vecino de esta ciudad,
abogado titulado e inscrito, identificado como aparece al pie de mi firma,
actuando en mi caracter de Representante Legal en Bogota para asuntos
relacionados con la propiedad industrial de GRUNENTHAL GmbH, sociedad
organizada y existente de conformidad con las leyes de Alemania,
domiciliada en Aachen, Alemania, tal y como consta en este expediente,
atentamente manifiesto a usted que SUSTITUYO el poder a mi conferido a
la doctora ALICIA LLOREDA RICAURTE, abogada titulada e inscrita,
identificada con la cédula de ciudadania No. 39.690.713 de Usaquén, para

que continle representando a la mencionada sociedad en el expediente de
la referencia.

De conformidad con el articulo 66 del C.P.C., manifiesto bajo la gravedad de
juramento que los demas apoderados citados en el documento otorgado a
mi favor no desean ejercer el poder a ellos conferido.

El mencionado apoderado tendrd las mismas facultades a mi conferidas, en
especial, renunciar, recibir, sustituir, desistir, presentar recursos, conciliar,

transigir, y en fin, para todo.lo.que, se.encaminfe a la correcta defensa de los
mtereses dela SOC|edadAnncuyomombre habl
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@ Stabilized controlled release substrate having a coating derived from an aqueous dispersion of !
hydrophobic polymer.

@ A stabilized solid controlled release dosage form having a coating derived from an aqueous dispersion of |
ethylicellulose is obtained by overcoating a __§Ek)_sgrate including a therapeutically acliy_e_ with an_ agueous
dispersion of ethylcellulose and then curing the coated substrate at a temperature and relative humidity elevated’
to a suitable level above ambient conditions until the coated dosage form attains a stabilized dissolution profile

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

. s &
: = e
; 38 g
- 23 o8 .
--9 ~ :
< 538 b
a - i
w gg‘”ﬂ w M
< $822
A
< g;:l
0 £ b 2 |
< 5 8
D
Qo




10

15

20

25

30

35

40

45

50

55

EP 0 548 448 A1

BACKGROUND OF THE INVENTION

It is the aim of all controlled release preparations to provide a longer duration of pharmacological
response 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 brought about through
seléctive 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,

microbiological, therapeutic, pharmaceutical, and toxicological properties when stored, i.e., in a particular

container and environment. Stability study requirements are covered, e.g., in the Good Manufacturing
Practices {(GMPs}, the US.P., as well as in New Drug Applications (NDAs) and Investigational New Drug
Applications (INDs).

The ingredients used in sustained release dosage formulations often present special 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

stabilize them at the time of manufacture or to prevent the change from occurring. Fats and waxy materials -

when used in purified states are known to crystallize in unstable forms, 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 stabilized 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 processing does not change this condition, retarding the instability -
by including additional additives, and inducing the individual ingredients of the dosage 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 become
less soluble when exposed to moisture and heat. Such problems have been 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
alcohm“mﬁa’éfﬁz-and polyglycolic acids have been used in the prior art to develop controlled release
dosage forms. Methods of using_these polymers to develop controlled release dosage forms such as
tablets, capsules, suppositories, spheroids, beads or microspheres are to overcoat the individual dosage
umts with these hydrophobic polymers. It is known in the prior art that these hydrophoblc coatings can be
apphed either from a solution, suspension or dry. Since 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 solution
onto the individual drug forms (such as beads or tablets) and evaporating off the solvent.

Agueous dispersions of hydrophobic polymers have been used in the prior art to coat pharmaceutical

dosage forms for aesthetic reasons such as film coating tablets or beads or for taste-masking. However, !
these dosage forms are used for immediate release administration of the active drug contained in the !

dosage form.

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

Therefore, it is desirable to prepare a controlled release formulation prepared from an agueous
dispersion of a hydrophobic polymer. However, to date, attempts to prepare stable controlied release

pharmaceutical formulations using aqueous dispersions of hydrophobic polymers have been unsuccessful
due to stability problems. In particular, when coating these pharmaceutical forms using agueous polymeric |

dispersions to obtain a desired release profile of the active drug(s) over several hours or longer, it is known

in the art that the dissolution release profile changes on ageing. It is also known that this instability problem :

does not exist when the polymers are applied from organic solvent solution.

For example, Dressman, et al., Proceed. intern. Symp. Control. Rel. Bioact. Mater., 18 (1991), pp. 654- i

655, Controlled Release Society, Inc. reported on tests conducted which showed that phenylpropanolamine |
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organic solvent and then emulsifying the same in water in the presence of a surfactant and a stablhze
After homogenization to generate submicron droplets, the organic solvent is evaporated under vacuum to
form a pseudolatex. The plasticizer is not incorporated in the pseudolatex during the manufacturing phase
Thus, prior to using the same as a coating, it is necessary to intimately mix the Aquacoat® with a sunable
plasticizer prior to use. *

With respect to handling and storage conditions, FMC states that Aquacoat® will undergo a rise in
viscosity upon prolonged exposure to temperatures below 15°C or above 35°C, and that viscosity can be
reduced to less than 100 cps by applying shear (e.g., propeller type mixer). FMC further states that 'a
continuous film may be formed through a process known as gradual coalescence wherein the individual
latex particles coalesce to form a continuous film of plasticized ethylcellulose polymer. After this period th’e
properties are said to remain constant. Higher coating temperatures, or a high temperature "curing” step !s
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 provided herein, it has been found that curing th:e
film coating simply by utilizing a higher coating temperature or a high temperature curing step will not
effectively stabilize the dissolution profile of the product upon storing.

Another aqueous dispersion of ethylcellulose is commercially available as Surelease® (Colorcon, Inc
West Point, Pennsylvania, U.S.A)). This product is prepared by incorporating plasticizer into the dlsperSton
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 solution to obta{n
an aqueous dispersion which can be applied directly onto substrates. i

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. i

It is preferred that the aqueous dispersion of ethylcellulose used in the present invention include an
effective amount of a suitable plasticizing agent, as it has been found that the use of a plasticizer will further
improve the physical properties of the film. The plasticization of the ethylcellulose may be accomplished
either by so-called "internal plasticization" and "external plasticization." f

Internal plasticization usually pertains directly to molecular modifications of the polymer during iﬁs
manufacture, e.g., by copolymerization, such as altering and/or substituting functional groups, controlling the
number of side chains, or controlling the length of the polymer. Such techniques are usuatly not performed
by the formulator of the coating solution. ;

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

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

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.

Below the Tg, the polymer chain mobility is severely restricted. Thus, for a given polymer, if its Tg is
above room temperature, the polymer will behave as a glass, being hard, non-pliable and rather 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 suitable plasticizers into the polymer matrix effectively reduces the Tg, so that under
ambient conditions the films 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 "swelhng
agent" for the ethylcellulose, and the insolubility of the plasticizer in water. !

Examples of suitable plasticizers include water insoluble plasticizers such as dibutyl sebacate, dlethy’l
phthalate, triethyl citrate, tibuty! citrate, and triacetin, although it is possible that other water-insolublé

JOSSEE. S A S
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invention.

The stabilized controlled release formulations of the present invention slowly release the therapeutically
active agent, e.g., when ingested and exposed to gastric fluids, 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
overcoating with the aqueous dispersion of ethylcellulose, altering the manner in which the plasticizer is |
added to the aqueous dispersion of ethylcellulose, by varying the amount of plasticizer relative to |
ethylcellulose, by the inclusion of additional ingredients or excipients, by altering the method of manufac-
ture, etc. i

A wide vanety of therapeutically active.agents.can be used in_conjunction with the present invention.

ks ~t<=

The thera peutically active agents (e.g. pharmaceutical agents) which may be used in the composmons of
the present invention include both water soluble and water insoluble drugs. Examples of such therapeutlcal-

ly active agents include antihistamines (e.g., dimenhydrinate, diphenhydramine, chiorpheniramine and ]
dexchlorpheniramine maleate), analgesics (e.g., aspirin, codeine, morphine, dihydromorphone, oxycodone,
etc.), anti-inflammatory agents {e.g., naproxyn, d:clofenac mdomethacm ibuprofen, acetaminophen, aspirin, ]
suhndac) gastro-intestinals and anti-emetics (e.g., metoclopramide), anti-epileptics (e.g., phenytoin, )
meprobamate and nitrezepam), vasodilators (e.g., mfedlpme papaverine, diltiazem and nicardirine), anti- |
tussive agents and expectorants (e.g., codeine phosphate), anti-asthmatics (e.g. theophyliing), anti-spas-
modics (e.g. atropine, scopolamine), hormones {e.g., insulin, leparin), diuretics (e.g., eltacrymic acid,
bendrofluazide), anti-hypotensives (e.g., propranolol, clonidine), bronchodilators (e.g., albuterol), anti-inflam-
matory steroids (e.g., hydrocortisone, triamcinolone, prednisone), antibiotics {e.g., tetracycline), antihemor-
rhoidals, hypnotics, psychotropics, antidiarrheals, mucolytics, sedatives, decongestants, laxatives, antacids,
vitamins, stimulants (including appetite suppressants such as phenylipropanolamine). The above list is not
meant to be exclusive.

In certain preferred embodiments, the therapeutica!ly active agent comprises hydromorphone, ox-
ycodone, dihydrocodeine, codeine, dihydromorphine, morphine, buprenorphine, salts of any of the fore-
going, and mixtures of any of the foregoing, and the like.

When the aqueous dispersion of ethylcellulose is used to coat inert pharmaceutical beads such as nu
pariel 18/20 beads, a plurality of the resultant stabilized solid controlled release beads may thereafter be
placed in a gelatin capsule in an amount sufficient to provide an effective controlied release dose when
ingested and contacted by gastric fluid. In this embodiment, beads coated “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, additional
ingredients are also added prior to coating the beads in order to assist the hydromorphone binding to the
beads, and/or to color the solution, etc. For example, a product which includes hydroxypropy! methylcel-
lulose, etc. with or without colorant may be added to the solution and the solution mixed (e.g., for about 1

may then be optlonally overcoated W|th a barrier agent to separate the therapeutncatly actave agent from ‘the
ethylcellulose coatmg ng. AR~ example “of a suitable barrier agent is one which comprises hydroxypropyl
meftﬂ/TEellulose 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 final product.

The hydmphone HPMC protected (optional) beads may then be overcoated with an aqueous
dispersion of ethylcellulose The aqueous dispersion of ethylcellulose preferably further includes an
effective amount of plasticizer, e.g. triethyl citrate. Pre-formulated aqueous dispersions of ethylcellulose, |
such as Aquacoat® or Surelease®, may be used. If Surelease® is used, it is not necessary to separately
add a plasticizer.

hour) prior to application of the same onto the beads. The resultant coated substrate, in_this example beads, l

e

The coating solutions of the present invention preferably contain, in addition to the film-former,
plasticizer, and solvent system (i.e., water), a colorant to provide elegance and product distinction. Golor
may be added to the solution of the therapeutically active agent instead, or in addition to the aqueous
dispersion of ethylceliulose. For example, color be added to Aquacoat® via the use of alcohol or propylene |
glycol based color dispersions, milied 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 Aguacoat®.
Alternatively, any suitable method of providing color to the formulations of the present invention may be :
used.

The plasticized aqueous dispersion of ethylcellulose 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 aqueous dispersion of ethylcellulose to obtain a predetermined controlled release of said

- -
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dissolution upon storage under stress conditions, the degree of slowdown of release being said to be
directly proporiional to temperature, while the effect of relative humidity (RH) appeared to be insignificant.
Munday, et al. concluded 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 suggested that the change was dueL to
significant alterations in the permeability of the polymer which occurred during the experimental storage. |
This instability problem is known to not exist when the polymers are applied from organic so|vent
solution. J

i

OBJECTS AND SUMMARY OF THE INVENTION

f

It is therefore an object of the present invention fo provide a controlled release tablet comprising a core
containing an active agent, e.g. a therapeutically active agent, a disinfecting agent, a cleansing agent, a
sanitizing agent and a fertilizing agent coated with an aqueous dispersion of a hydrophobic polymer, 6.g.
alkylcellulose or acrylic polymers such that there is a stable dissolution profile of the active agent when
placed in an environment of use. I

It is another object of the present invention to provide a controlled release formulation comprising a
plurality of inert beads comprising an effective amount of an active agent, the beads being coated with an
aqueous dispersion of a hydrophobic polymer and providing a reproducible, stable dissolution despite
exposure to accelerated storage conditions. -

It is another object of the present invention to provide a method of preparing a controlied release tablet
comprising a core containing an active agent coated with an aqueous dispersion of a hydrophobic polyn{er
such that there is a stable dissolution profile of the active agent when placed in an environment of use,
despite exposure to accelerated storage conditions. I

Still another object of the present invention is to provide a controlled release formulation comprising a
substrate containing an active agent coated with an aqueous dispersion of a hydrophobic polymer such that
there is a stable dissolution profile of the active agent when placed in an environment of use, even aﬁ%er
storage for a period of time where the coated formulation may be exposed to storage conditions :of
temperature and/or humidity elevated above ambient conditions. 1

A further object of the present invention is to provide a controlled release formulation wherein the
controlled release is caused by a coating on the formulation of an aqueous dispersion of a hydrophohic
polymer such as ethylcellulose which coating provides a stable dissolution of an active agent contained in
the formulation, despite exposure to accelerated storage conditions such that the dissolution would be
deemed acceptable by a governmental regulatory agency such as the U.S. FDA for purposes of according
expiration dating. s

The above-mentioned objects and others are accomplished by the present invention, which relates |n
part to a controlled release formulation comprising a substrate containing an active agent in an amount
sufficient to provide a desired effect in an environment of use, said substrate coated with an aqueous
dispersion of plasticized ethylcellulose in an amount sufficient to obtain a controlled release of said active
agent when said formulation is exposed fo an environmental fluid. The coated substrate is cured atia
temperature greater than the glass transition temperature of the aqueous dispersion of plasticized ethylcel-
lulose and at a relative humidity from about 60% to about 100% for a sufficient period of time until a curin;g
endpoint is reached at which said coated substrate provides a stabilized dissolution of said active agent
which is unchanged after exposure to accelerated storage conditions, said endpoint being determined by
comparing the dissolution profile of the formulation immediately after curing to the dissolution profile of the
formulation after exposure to accelerated storage conditions, e.g., of one-three months at a temperature éf
37°C and at a relative humidity of 80%. In certain preferred embodiments, the substrate is coated to a
weight gain from about 2% to about 25%. ‘

In other embodiments, the coated substrate is cured at a temperature greater than the glass transmon
temperature of the aqueous dispersion of plasticized ethylcellulose and at a relative humidity from about
60% to about 100% to cause individual ethylcellulose particles in said coating to coalesce and to gradualI:y
slow the release of said active agent when exposed to an environmental fluid, until an endpoint is reached
at which the cured coated substrate, when subjected to in-vitro dissolution, releases said active agent lp
amounts which do not vary at any time point along the dissolution curve by more than about 20% of the
total amount of active agent released, when compared to the in-vitro dissolution of said coated substrate
prior to curing.

In yet other embod:ments of the invention, the cured formulatlon provndes a stablllzed d|ssolutlon of

r—ﬁ" '
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according expiration dating for said formulation. 1

Other preferred embodiments relate to controlled release dosage formulation comprising a substrate
coated with an effective amount of an aqueous dispersion of ethylcellulose to obtain a controlled release of
an active agent which formulation, after exposure to accelerated storage conditions of at least one month at
40°C/75% RH, releases an amount of therapeutically active agent which does not vary at any glveri
dissolution time point by more than about 20% of the total amount of therapeutically active agent released
when compared to in-vitro dissolution conducted prior to storage. ‘

In other embodiments, the coated substrate, upon in-vitro dissolution testing, provides a band range
after exposure to accelerated storage conditions which is not wider than about 20% at any point of t|me
when compared to the dissolution profile prior to exposure to the accelerated storage conditions.

The active agent may be chosen for a wide variety of uses, including but not fimited to systemlcally
active therapeutic agents, locally active therapeutic agents, disinfectants, cleansing agents, fragrances,%
fertilizers, deodorants, dyes, animal repellents, insect repellents, pesticides, herbicides, fungicides, and
plant growth stimulants. !

The present invention is further related to a solid controlled release oral dosage formulation, comprisingl
a substrate containing an systemically active therapeutic agent in an amount sufficient to provide a desired,
therapeutic effect when said formulation is orally administered. The substrate is coated with an aqueousl
dispersion of plasticized ethylcellulose and cured at a temperature greater than the glass transition
temperature of the aqueous dispersion of plasticized ethylcellulose and at a relative humidity from about‘
60% to about 100% for a period of time sufficient to obtain a controlled release of said active agent when]
measured by the USP Paddle Method at 100 rpm at 900 mi agueous buffer (pH between 1.6 and 7.2) at‘
37°C from about 5% to about 42.5% (by wt) active agent released after 1 hour, from about 15% to about
60% (by wt) active agent released after 2 hours, from about 17% to about 75% (by wt) active agent
released after 4 hours, and from about 20% to about 90% (by wt) active agent released after 8 hours, said
coated substrate being cured to cause individual ethylcellulose particles in said coating to coalesce and to:
gradually slow the release of said active agent when exposed to an environmental fluid until an endpoint is |
reached at which the release rate (e.g., in-vitro dissolution) obtained after exposing the cured, coated’
substrate to accelerated storage conditions of 37°C and 80% relative humidity for one-three months isi
stable when compared to the release rate obtained immediately after curing. The dosage form preferably |
provides a therapeutic effect for about 24 hours. The present invention further relates to a method of |
preparing the dosage form. l

The present invention is also related to a method for obtaining a controlled release formulation of an
active agent, comprising preparing a solid substrate comprising an active agent, coating the substrate with a |
sufficient amount an aqueous dispersion of plasticized ethylceliulose to obtain a predetermined controlled !
release of the active agent when the coated substrate is exposed to an environmental fluid, and curing the }
coated substrate at a temperature greater than the glass transition temperature of the aqueous dispersion of .
plasticized ethylcellulose and at a relative humidity from about 60% to about 100% until a curing endpomt
is reached at which said coated substrate provides a stabilized dissolution of said active agent which is
unchanged after exposure to accelerated storage conditions. The endpoint is determined, e.g., by compar-
ing the dissolution profile of the formulation immediately after curing to the dissolution profile of the
formulation after exposure to accelerated storage conditions of, for example, one-three months at a 1
temperature of 37°C and at a relative humidity of 80%. !

The present invention is further related to a method of treating a patient with an oral solid dosage form |
described above. In this method, present invention further comprises administering the oral solid dosage t
form comprising the cured, coated substrate to the patient to thereby obtain the desired therapeutic effect ,
for about 12 to about 24 hours. In especially preferred embadiments, the oral solid dosage forms of the %
present invention provide a desired therapeutic effect for about 24 hours.

The present invention provides many benefits over prior art coatings, including, but not limited to,
avoidance of organic solvents which have inherent safety concerns (flammability, carcinogenicity, envi-

ronmental concerns, safety in general), and extended stability which may result in extended shelf life and ;
expiration dating. :

BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings are illustrative of embodiments of the invention and are not meant to fimit the |
scope of the invention as encompassed by the claims.
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Figure B is an SEM of the coated bead depicted in Figure A after curing in accordance with the present
invention;

Figure 1 is a graphical representation of the dissolution stability results obtained with Example 1; {
Figure 2 is a graphical representation of the dissolution stability results of Comparative Example 1A,
Figure 3 is a graphical representation of the dissolution stability results of Comparative Example 1B;
Figure 4 is a graphical representation of the dissolution stability results of Comparative Example 1C; .
Figure 5 is a graphical representation of the dissolution stability results of Example 1, comparing the
dissolution profiles obtained under various conditions; |
Figure 6 is a graphical representation of the initial dissolution profiles obtained under various curing
conditions; |
Figure 7 is a graphical representation of the results obtained for Comparative Example 18A; !
Figure 8 is a graphical representation of the results obtained for Example 18; 3
Figure 9 is a graphical representation of the results obtained for Example 19; :
Figure 10 is a graphical representation of the results obtained for Example 21; (
Figure 11 is a graphical representation comparing the in-vitro release of Examples 22 and 23 versus a
commercially available reference (MS Contin);

Figure 12 is a graphical representation of the blood levels obtained for the controlled release formulat:on
of Examples 22 and 23 versus a commercially available reference (MS Contin);

Figure 13 is a graphical representation of the blood levels obtained when two 30 mg capsules of
Example 23 are administered, in comparison to one 30 mg MS Contin tablet; ‘
Figure 14 is a graphical representation comparing the in-vitro release of Examples 23 and 24 versus MS
Contin;

Figure 15 is a graphical representation of the blood levels obtained for Examples 23 and 24 versus MS
Contin; and l
Figure 16 is a graphical representation of the blood levels obtained when two 30 mg capsules of
Example 24 are administered at the same time, in comparison to one 30 mg MS Contin tablet. ;

1

t
|

DETAILED DESCRIPTION g

The aqueous dispersions of hydrophobic polymers used as coatings in the present invention may l:?e
used {o coat substrates such as tablets, spheroids (or beads), microspheres, seeds, pellets, ion-exchange
resin beads, and other multi-particulate systems in order to obtain a desired controlled release of the active
agent. Granules, spheroids, or pellets, etc., prepared in accordance with the present invention can Ide
presented in a capsule or in any other suitable dosage form. The tablets of the present invention may Qe
any suitable shape, such as round, oval, biconcave, hemispherical, any polygonal shape such as square
rectangular, and pentageonal, and the like.

In order to obtain a controlled release formulation, it is usually necessary to overcoat the substrate
comprising the active agent with a sufficient amount of the aqueous dispersion of hydrophobic polymer e. g',
ethylcellulose, to obtain a weight gain levet from about 2 to about 25 percent, although the overcoat may be
lesser or greater depending upon the physical properties of the active agent and the desired release rate
the inclusion of plasticizer in the aqueous dispersion and the manner of incorporation of the same, for
example.

The cured, coated substrates of the present invention provide a stable dissolution profile (e. g. release
of the active agent in the environment of use) when stored for extended periods of time at room
temperature and ambient humidity (e.g., long term (real time) testing), and when tested under accelerated
storage conditions.

The terms "stable dissolution profile™ and "curing endpoint” are defined for purposes of the present
invention as meaning that the cured, coated substrate reproducibly provides a release of the active agent
when placed in an environment of use which is unchanged, even after exposing the cured, coated substrate}
to accelerated storage conditions. Those skilled in the art will recognize that by "unchanged" it is meant
that any change in the release of the active agent from the cured, coated formulation would be deemed
insignificant in terms of the desired effect. For pharmaceutical formulations, stability is determined by, e.g, a
regulatory agency such as the Food & Drug Administration (FDA) in the U.S., for the purpose of accordlng
an expiration date for the formulation.

By the phrase "accelerated storage conditions" it is meant, e.g., storage conditions of elevated
temperature and/or elevated relative humidity. Preferably, the phrase "accelerated storage conditions"
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The term "expiration date” is defined for purposes of the present invention as the date designating the
time during which a batch of the product (e.g., the cured, coated substrate) is expected to remain W|th|n
specification if stored under defined conditions, and after which it should not be used.

The term "band range" for purposes of the present invention is defined as the difference in in-vitro
dissolution measurements of the controlled release formulations when comparing the dissolution profil
(curve) obtained by the formulation upon completion of the manufacturing of the coated product (prior to
storage) and the dissolution profile obtained after the coated product is exposed to accelerated storagé
conditions, expressed as the change in percent of the active agent released from the coated product at any
dissolution time point along the dissolution curves. ¢

In general, the length of the studies and the storage test conditions required by regulatory agencres
such as the FDA for pharmaceutical formulations are sufficient to cover storage, shipment, and subsequent
use. Allowable storage test conditions may vary depending upon the particulars of the product. For
example, temperature sensitive drug substances should be stored under an alternative, lower temperaturé
condition, which is then deemed to be the long term testing storage temperature. In such cases, it is
generally accepted that the accelerated testing should be carried out at a temperature at least 15°C above
this designated long term storage temperature, together with appropriate relative humidity conditions for that
temperature. |

A generally accepted accelerated test employed in FDA guidelines relates to the storage of a drug:
product (e.g., in its container and package) at 80% Relative Humidity (RH) and 37°C (1985 FDA
guidelines). If the product holds up for, e.g., three months under these conditions (chemical stability,i
dissolution, and physical characteristics), then the drug product will be accorded, e.g., a two year expirationi_
date. This accelerated test is also now also considered to be acceptable if conducted at 75% RH and 40°C
(FDA 1987 guidelines). It has recently been proposed that long-term storage testing be conducted for‘,
pharmaceutical formulations at 25°C * 2°C at not less than 60% RH * 5% for a minimum time period of}
12 months. It has been further proposed that accelerated testing be conducted for pharmaceutical
formulations at 40°C £ 2°C at 75% RH t 5% for a minimum time period of 6 months. All of the above-
mentioned accelerated testing criteria and others are deemed equivalent for purposes of the present
invention, with regard to the determination of stability and the determination of the curing endpoint. t

The controlled release coatings of the present invention comprise aqueous dispersions of hydrophobic {
polymers. Although ethylcellulose is an especially preferred hydrophobic polymer for use in the controlled 1
release coatings of the present invention, other hydrophobic cellulosic derivatives (including other alkyl‘
celluloses) may be also be used, and are deemed to be encompassed by the appended claims.

The inclusion of an effective amount of a plasticizer in the aqueous dispersion of hydrophobic polymer
will further improve the physical properties of the film. For example, because ethylceliulose has a relatively
high glass transition temperature and does not form flexible films under normal coating conditions, it is
necessary to plasticize the ethylcetiulose before using the same as a coating material.

The plasticization of the ethylcellulose may be accomplished either by so-called "internal plasticization"
and "external plasticization.” 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 plasticizer included in a coating
solution is based on the concentration of the film-former, e.g., most often from about 1 to about 50 percent
by weight of the film-former. Concentration of the plasticizer, however, can only be properly determined
after careful experimentation with the particular coating solution and method of application. |

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.

Below the Tg, the polymer chain mobility is severely restricted. Thus, for a given polymer, if its Tg is '!
above room temperature, the polymer will behave as a glass, being hard, non-pliable and rather brittle,
properties which could be somewhat restrictive in film coating since the coated dosage form may be E
subjected to a certain amount of external stress. !

Incorporation of suitable plasticizers into the polymer matrix effectively reduces the Tg, so that under

ambient conditions the films are softer, more pliable and often stronger, and thus better able to resist
mechanical stress.

Other aspects of suitabie plasticizers include the ability of the plasticizer to act as a good "swelling |
e |
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Examples of suitable plasticizers for the hydrophobic polymers useful in the present invention (eig.,
ethylcellulose) include water insoluble plasticizers such as dibutyl sebacate, diethyl phthalate, triethyl
citrate, tibuty! citrate, and triacetin, although it is possible that other water-insoluble plasticizers (such as
acetylated monoglycerides, phthalate esters, castor oil, etc.) may be used. Triethy! citrate is an especially
preferred plasticizer for the aqueous dispersions of ethyl cellulose of the present invention.

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

In one commercially available product, Aquacoat® (aqueous dispersion of ethylcellulose available from
FMC Corp., Philadelphia, Pennsylvania, U.S.A.), the ethylcellulose is dissolved in a water-immiscible organuc
solvent and then emulsified in water in the presence of a surfactant and a stabilizer. After homogenization to
generate submicron droplets, the organic solvent is evaporated under vacuum to form a pseudolatex. The
plasticizer is not incorporated in the pseudolatex during the manufacturing phase. Thus, prior to using fhe
same as a coating, it is necessary to intimately mix the Aquacoat® with a suitable plasticizer prior to use.
Another aqueous dispersion of ethylcellulose is commercially available as Surelease® (Colorcon, Inc., West
Point, Pennsylvania, U.S.A.). This product is prepared by incorporating plasticizer into the dispersion during
the manufacturing process. A hot melt of a polymer, plasticizer (dibutyl sebacate), and stabilizer (oleic acgd)
is prepared as a homogeneous mixture, which is then diluted with an alkaline solution to obtain an agueous
dispersion which can be applied directly onto substrates. ‘

With respect to handling and storage conditions, FMC states that Aquacoat® will undergo a rise |in
viscosity upon prolonged exposure to temperatures below 15°C or above 35°C, and that viscosity can be
reduced to less than 100 cps by applying shear (e.g., propeller type mixer). FMC further states thatx
continuous film may be formed through a process known as gradual coalescence wherein the mdlwdual
latex particles coalesce to form a continuous film of plasticized ethylcellulose polymer. After this period, the
properties are said to remain constant. Higher coating temperatures, or a high temperature "curing” stepis
said by FMC to accelerate the process. If the coalescence process is not complete, FMC states that
variability in release rates will result.

The stabilized controlied release formulations of the present invention stowly release the active agent
e.g., when placed in an environmental fluid in an environment of use. By "environmental fluid", it is mea_nt
that the formulation is placed in an aqueous solution (e.g., in-vitro dissolution), in simulated gastric fluid
(e.g., in accordance with the USP Basket Method (i.e., 37°C, 100 RPM, first hour 700 mi gastric fluid at pH
1.2, then changed to 900 ml at pH 7.5), or in gastrointestinal fluid (in-vivo).

The controlled release profile of the formulations of the invention can be altered, for example, b’vy
varying the amount of overcoating with the aqueous dispersion of hydrophobic polymer, altering the manner
in which the plasticizer is added to the aqueous dispersion of hydrophobic polymer, by varying the amount
of plasticizer relative to hydrophobic polymer, by the inclusion of additional agents or excipients, by altenng
the method of manufacture, etc.

In one preferred embodiment of the present invention, the controlled release dosage form compnses
pharmaceutically acceptable beads (e.g., spheroids) containing the active ingredient coated with a con-
trolled release coating. The term spheroid is known in the pharmaceutical art and means, e.g., a spherical
granule having a diameter of between 0.2 mm and 2.5 mm especially between 0.5 mm and 2 mm. A
suitable commercially available example of such beads are nu pariel 18/20 beads.

A plurality of the cured, coated (stabilized) controlled release spheroids may thereatter be placed in a
gelatin capsule in an amount sufficient to provide an effective controlled release dose when ingested and
contacted by gastric fluid. ’

Spheroids or beads coated 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 pariél
18/20 beads, using a Wurster insert. Optionally, additional agents are also added prior to coating the beads
in order to assist the hydromorphone binding to the beads, and/or to color the soiution, and the like. Far
example, a product which includes hydroxypropyl methylcetlulose, and the like with or without colorant ma‘y
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, to separate the therapeutically active agent from the hydrophobic controlied release coatmg
An example of a suitable barrier agent is one which comprises hydroxypropy! methylcellulose (HPMC)
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 final product.

The hydromorphone HPMC protected (optional) beads may then be overcoated wnth an aqueous
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ethylcellulose, such as Aquacoat® or Surelease®, may be used. If Surelease® is used, it is not necessary
to separately add a plasticizer. - I

The coating solutions of the present invention preferably contain, in addition to the ﬂlm-former‘
plasticizer, and solvent system (i.e., water), a colorant to provide elegance and product distinction. Color
may be added to the solution of the therapeutically active agent instead, or in addition to the aqueous
dispersion of hydrophobic polymer. For example, color can be added to Aquacoat® via the use of alcohol
or propylene glycol based color dispersions, milled aluminum lakes and opacifiers such as titanium dioxidé
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. Suitable agents for providing color to the formuiation when an aqueous dispersion of an
acrylic polymer is used include titanium dioxide and color pigments, such as iron oxide pigments. The
incorporation of pigments, may, however, increase the retardant effect of the coating. |

The plasticized aqueous dispersion of hydrophobic polymer may be applied onto the substrate
comprising the active agent by spraying using any suitable spray equipment known in the art. In a preferred
method, a Wurster fluidized-bed system is used in which an air jet, injected from underneath, fluidizes the
core material and effects drying while the hydrophobic polymer coating is sprayed on. A sufficient amount
of the aqueous dispersion of hydrophobic polymer to obfain a predetermined controlled release of said
active agent when said coated substrate is exposed to an environment of use, is preferably applied, taking
into account considerations such as the physically characteristics of the active agent, the manner of
incorporation of the plasticizer. After coating with the hydrophobic polymer, a further overcoat of a ﬁlm-z
former, 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. i

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

The optimum curing values for temperature, humidity and time for the particular formulation is
determined experimentally. In certain embodiments of the present invention wherein the substrate is a
pharmaceutically acceptable beads having the drug coated thereon, the beads which have been overcoated
with the agueous dispersion of plasticized ethylcellulose are stabilized via an oven curing conducted at a
temperature of about 60°C and a relative humidity from about 60% to about 100% for a time period from?
about 48 to about 72 hours. This is demonstrated with respect to the hydromorphone beads described in-
the examples provided below.

However, one skilled in the art will recognize that necessary curing conditions will be affected by the
particular drug incorporated in the formulation, as well as by the thickness of the controlled release coatmg,
the size of the substrate (e.g., beads as compared to tablets). ;

It is especially contemplated that the time period needed for curing to an endpoint as described above!
may actually be longer or shorter than the 48-72 hour time period mentioned above. Such curing times
which achieve the intended result of a stabilized formulation are considered to be encompassed by the{
appended claims. Additionally, it will be appreciated by those skilled in the art that it may be possible to:
cure the aqueous dispersion coated substrates of the present invention in other manners in order to reach
the endpoint at which the coated substrate provides a stable dissolution profile. Such additional curing |
methods which achieve the intended result of a stabilized formuiation are also considered to be encom-"
passed by the appended claims.

The curing endpoint may be determined by comparing the dissolution profile of the cured, coatedt
substrate (e.g., the "formulation”) immediately after curing (hereinafter referred to as "the initial dissolution |
profile™) to the dissolution profile of the formulation after exposure to accelerated storage conditions. !
Generally, the curing endpoint may be determined by comparing the dissolution profile of the formulation |
after exposure to accelerated storage conditions of, e.g., 37 °C/80% RH or 40°C/75% RH for a time period |
of one month to the initial dissolution profile. However, the curing endpoint may be further confirmed by
continuing to expose the cured, coated formulation to accelerated storage conditions for a further period of
time and comparing the dissolution profile of the formulation after further exposure of, e.g., two months |
and/or three months, to the initial dissolution profile obtained. I

In certain preferred embodiments of the present invention in which the cured coated substrate is a |
pharmaceutical formulation, the curing endpoint is attained when the data points plotted along a graph of |
the dissolution curve obtained after, e.g., exposure to accelerated conditions of 1-3 months, show a release %
of the active agent which does not vary at any given time point by more than about 20% of the total amount
of active agent released when compared to in-vitro dissolution conducted prior to storage. Such a difference
in the in- vrtro drssolutlon curves, referred to in the art as a "band range” or a "band W|dth" of e.q., 20% |n i
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l
acceptable when considered by governmental regulatory agencies such as the U.S. FDA for stablllty
concerns and expiration dating. Acceptable band ranges are determined by the FDA on a case-by-case
basis, and any band range for a particular pharmaceutical which would be deemed acceptable by such a
governmental regulatory agency would be considered to fall within the appended claims. In preferred
embodiments, the aforementioned band range is not more than 15% of the total amount of active agent
released. In more preferred embodiments, the band range is not more than 10% of the total amount, of
active agent released. In the appended Examples, the band range is often significantly less than 10%. |

The release of the active agent from the controlled release formulation of the present invention can lbe
further influenced, i.e., adjusted to a desired rate, by the addition of one or more release-modifying agents
or by providing one or more passageways through the coating.

The release-modifying agents which function as pore-formers can be inorganic or organic, and mcldde
materials that can be dissolved, extracted or leached from the coating in the environment of use. l

For example, the pore-formers may comprise one or more water-soluble hydrophilic polymers in order
to modify the release characteristics of the formulation. Examples of suitable hydrophilic polymers include
hydroxypropyimethylcellulose, cellulose ethers, acryllc resins and protein-derived materials. Of these
polymers, The cellulose et thers, especrally hydroxyalkylcelluloses and carboxyalkylcelluloses, are preferred.
Also, synthetic water-soluble polymers may be used, such as polyvinylpyrrolidone, cross-linked polyvinyl-
pyrrolidone, polyethylene oxide, etc., and polysaccharides, e.g., pullulan, dexiran, efc. In certain preferred
embodiments of the present invention, the hydrophilic polymer comprises M@ypropxlmethylcellulose

In addition, a water-soluble polydextrose that dissolves to a level of at least about 1% (W/W) in water at
25°C may be incorporated into the controlied release coating. :

The pore-formers further include alkali metal salts, polysaccharides, such as lithium carbonate, sodlum
chloride, sodium bromide, potassium chloride, potassium sulfate, potassium phosphate, sodium acetate,
sodium citrate, and the like. Suitable polysaccharides include sucrose, glucose, fructose, mannitol, lactose
mannose, galactose, sorbitol and the like. The pore-forming solids may also be polymers which are soluble
in the environment of use, such as Carbowaxes®, Carbopol®, and the like. The pore-formers embrace dlols,
polyols, polyhydric alcohols, polyalkylene glycols, polyglycols, poly(a-w)alkylenediols, and the like. The
pore-formers are non-toxic and on their removal from lamina, channels and pores are formed through the
lamina that fill with fluid present in the environment use.

Semipermeable polymers may also be incorporated in the controlled release coating to change the
release characteristics of the formulation. Such semipermeable polymers include, for example, cellulose
acylate, cellulose diacylate, cellulose triacylate, cellulose acetate, cellulose diacetate, cellulose triacetate,
beta-glucan acetate, acetaldehyde dimethyl acetate, cellulose acetate ethyl carbamate, polyamide, polyure-
thane, sulfonated polystyrene, cellulose acetate phthalate, cellulose acetate methyl carbamate, cellulose
acetate succinate, cellulose acetate dimethylaminoacetate, cellulose acetate chloracetate, cellulose drpal-
mitate, cellulose dioctanoate, cellulose dicaprylate, cellulose dipentanlate, celiulose acetate valerate, cel-
lulose acetate p-toluenesulfonate, cellulose acetate butyrate, and other semipermeable polymers such as
those described in U.S. Patent No. 4,285,987 (hereby incorporated by reference), as well as the selectively
permeable polymers formed by the coprecipitation of a polycation and a polyanion as disclosed in U.S. Pat.
Nos. 3,173,876, 3,276,586; 3,541,005; 3,541,006 and 3,546,142 (hereby incorporated by reference).

The controlled release coatings of the present invention can also include other release-modifying agents
such as cellulose acetate phthalate, such as those disclosed in U.S. Patent No. 2,196,768, hereln
incorporated by reference. Other suitable release-controlling agents which may be included in the controlled
release coating of the present invention include shellac, zein, hydroxypropylmethy! cellulose phthalate,
sandarac, modified shellac, etc.

The controlled release coatings of the present invention can also include released modifying agents
which promote erosion (i.e., erosion promoting agents), such as starch (including, but not limited to cor
starch, rice starch, « starch, carboxymethyl starch, potato starch, and other vegetable starches), modifieq
starch, and starch derivatives. This category is also intended to include other erosion-promoting agents
such as gums, including but not limited to xanthan gum, alginic acid, other alginates, bentonite, veegum
agar, guar, locust bean gum, gum arabic, quince psyllium, flax seed, okra gum, arabinoglactin, pectm
tragacanth, scleroglucan, dextran, amylose, amylopectin, dextrin, etc., cross-linked polyvinylpyrrolidone, ion-
exchange resins, such as potassium polymethacrylate, carrageenan, kappa-carrageenan, lambdacarL
rageenan, gum karaya, biosynthetic gum, etc.

The controlled release coatings of the present invention can also include release- -modifying agents
which are useful for makung mucroporous lamina in the envrronment of use, such as polycarbonates
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microporous poly(vinylchloride), microporous polyamides such as polyhexamethylene adipamide, microih
porous modacrylic copolymers including those formed from poly(vinychloride) and acrylonitrile, microporous
styrene-acrylic and its copolymers, porous polysulfones haying a diphenylene sulfone in a linear chain
thereof, halogenated poly(vinylidene), polychloroethers, acetal polymers, polyesters prepared by esterifica‘;L
tion of a dicarboxylic acid or anhydride with an alkylene polyol, poly{alkylenesulfides), phenolics, polyesters,
microporous polysaccharides having substituted an hydroglucose units exhibiting a decreased permeability
to the passage of water and biological fluids, asymmetric porous polymers, cross-linked olefin polymers'_,
hydrophobic or hydrophilic microporous homopolymers, copolymers or interpolymers having a reduced bulk
density, and materials described in U.S. Pat. Nos. 3,595,752; 3,643,178; 3,654,066; 3,709,774; 3,718,532;
3,803,601; 3,852,224; 3,852,388; and 3,853,601 (all of which are hereby incorporated by reference); in
British Pat. No. 1,126,849; and in Chem. Abst. Vol. 71, 427F, 22573F, 1969.

Additional microporous materials for forming microporous lamina include poly(urethane), cross- Imked
chain-extended poly(urethane), poly(imides), poly(benzimidazoles), collodion, regenerated proteins, semi-
solid cross-linked poly(vinylpyrrolidone), microporous materials prepared by diffusion of multivalent cations
into polyelectrolyte sols, microporous derivatives of poly(styrene) such as poly(sodium- styrenesulfonate)
poly(vinyl benzy! trimethylammonium chloride), microporous cellulosic acrylates and the like mucroporous’
polymers such as those described in U.S. Pat. Nos. 3,524,753; 3,565,259; 3,276,589; 3,541,055; 3,541,006
3,546,142; 3,615,024; 3,646,178, and 3,852,224 (all of which are hereby incorporated by reference).

In certain preferred embodiments of the present invention, the release-modifying agent is hydrox-
ypropylmethylcellulose, lactose, metal stearaies, or mixtures thereof.

In general, the amount of release-modifying agent included in the controlled release coatings of the
present invention may be from about 0.1% to about 80%, by weight, relative to the combined weight of'
hydrophobic polymer (e.g., ethylcellulose) and release-modifying agent. In general, the ratio of hydrophobic!
polymer to hydrophilic polymer is from about 99:1 fo about 20:80, by weight. In certain preferred
embodiments, the controlled release formulations of the present invention include from about 0.1% to about

50%, and in most preferred embodiments from about 0.1% to about 25%, by weight, relative to the‘
combined weight of the hydrophabic polymer and release-modifying agent. i

The controlled release coatings of the present invention may also include an exit means comprising at '
least one passageway, orifice, or the like. The passageway may be formed by such methods as those
disclosed in U.S. Patent Nos. 3,845,770; 3,916,889; 4,063,064; and 4,088,864 (all of which are herebyl
incorporated by reference). The passageway can have any shape such as round, triangular, square,’
elliptical, irregular, etc. !

The active agent(s) included in the controlled release formulations of the present invention include
systemically active therapeutic agents, locally active therapeutic agents, disinfecting agents, chemncalt
impregnants, cleansing agents, deodorants, fragrances, dyes, animal repellents, insect repellents, a fertiliz- ,
ing agents, pesticides, herbicides, fungicides, and plant growth stimulants, and the like. §

A wide variety of therapeutically active agenis can be used in conjunction with the present invention. :
The therapeutically active agents (e.g. pharmaceutical agents) which may be used in the compositions of {
the present invention include both water soluble and water insoluble drugs. Examples of such therapeutical- :
ly active agents include antihistamines (e.g., dimenhydrinate, diphenhydramine, chlorpheniramine and

dexchlorpheniramine maleate), analgesics (e.g., aspirin. codeine. morphine, dihydromarphone, oxycodone,

anti-emetics (e.g., metoclopramide), anti-epileptics (e.g., phenytoin, meprobamate and nitrezepam),
vasodilators (e.g., nifedipine, papaverine, diltiazem and nicardirine), anti-tussive agents and expectorants
(6.g.. codeine phosphate), anti-asthmatics (e.g. theophylline), antacids, anti-spasmodics (e.g. atropine,
scopolamine), antidiabetics (e.g., insulin), diuretics (e.g., ethacrynic acid, bendrofluazide), anti-hypotensives
(e.g., propranolol, clonidine), antihypertensives (e.g, clonidine, methyldopa), bronchodilators (e.g., albuterol),
steroids (e.g., hydrocortisone, triamcinolone, prednisone), antibiotics (e.g., tetracycline), antihemorrhoidals,
hypnotics, psychotropics, antidiarrheals, mucolytics, sedatives, decongestants, laxatives, vitamins, stimu-

lants (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 ox- }

ycodone dlhydrocodelne codeine, dihydromorphine, morphme buprenorphme salts of any of the fore-
going, mixtures of any of the foregoing, and the like.

In another preferred embodiment of the present invention, the active agent is a locally active therapeutic |

agent and the enwronment of use may be, e. g the gastromtestmal tract, or body cavities such as the oral
— 40 ~
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The locally active pharmaceutical agent(s) include antifungal agents (e.g., amphotericin B, clotrimazole,
nystatin, ketoconazole, miconazol, etc.), antibiotic agents (penicillins, cephalosporins, erythromycin,
tetracycline, aminoglycosides, etc.), antiviral agents (e.g, acyclovir, idoxuridine, etc.), breath fresheners (¢.9.
chlorophyll), antitussive agents (e.g., dextromethorphan hydrochloride), anti-cariogenic compounds (e.g.
metallic salts of fluoride, sodium monoflucrophosphate, stannous fluoride, amine fluorides), analgesic agents
{e.g., methylsalicylate, salicylic acid, etc.), local anesthetics {(e.g., benzocaine), oral antiseptics (€.g.,
chlorhexidine and salts thereof, hexylresorcinol, dequalinium chloride, cetylpyridinium chloride), anti-flam-
matory agents (e.g., dexamethasone, betamethasone, prednisone, prednisolone, triamcinolone, hydrodor-
tisone, etc.), hormonal agents (oestriol), anti-plaque agents (e.g, chlorhexidine and salts thereof, octenidine,
and mixtures of thymol, menthol, methysalicylate, eucalyptol), acidity reducing agents (e.g., buffering
agents such as potassium phosphate dibasic, calcium carbonate, sodium bicarbonate, sodium and potas-
sium hydroxide, etc.), and tooth desensitizers (e.g., potassium nitrate). This list is not meant to be exclusive.

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 mert
pharmaceutical filler (diluent) material, including but not limited to sucrose, dextrose, lactose, m»crocrystal-
line cellulose, xylitol, fructose, sorbitol, mixtures thereof and the like. Also, an effective amount of any
generally accepted pharmaceutical lubricant, including the calcium or magnesium soaps may be added ‘to
the above-mentioned agents of the excipient prior to compression of the tablet core agents. Most preferréd
is magnesium stearate in an amount of about 0.2-3% by weight of the solid dosage form. ‘

In another preferred embodiment of the present invention, the active agent is disinfecting agent, e. g a
chlorine compound such as calcium hypochlorite, and the environment of use is a surrounding body pf
water, e.g. a recreational pool.

In stilt another preferred embodiment of the present invention, the active agent comprises at least one
of a cleansing agent, a germicide, a deodorant, a surfactant, a fragrance, a perfume, a sanitizer, and/oria
dye, and the environment of use is an aqueous solution, e.g. a urinal or toilet bowl. !

In yet another preferred embodiment of the present invention, the active agent is a chem|ca|
impregnant, e.g. fertilizer, animal repellents, insect repellents, pesticides, herbicides, fungicides, plant
growth stimulants, and the environment of use is, e.g., anywhere around the home, e.g. soil, trees etc. Th'e
fertilizer may be, for example, a nitrogen containing compound such as urea, urea formaldehyde compoé-
ites, potassium nitrate, potassium sulfate, potassium chloride, ammonium nitrate, ammonium sulfaté,
monoammonium phosphate, dibasic ammonium phosphate, ammoniated super-phosphoric acid, micro-
nutrient ingredients such as frace elements of iron, zinc, manganese, copper, boron, molybdenum, and
mixtures of any of the foregoing. The fertilizer may be, e.g., in granular form. i

For example, when the coated substrate is a coated chlorine tablet for combatting bacterial and
algaecidal contamination of swimming pools and the like, the subsirate may comprise commercial grad1e
calcium hypochlorite, with or without trichloroisocyanuric acid, sodium dichlorocyanurate, lithium hypochlo—
rite, powdered lime, and/or the like.

For example, the substrate may comprise about 98.5% commercial grade calcium hypochlorite and
about 1.5% powdered lime, by weight. The substrate may also comprise commercial granular calcium
hypochlorite, up to 20% by weight chioride of lime, and 1% zinc stearate having an available chlorine
percentage of about 69% and a mass of about 57 g and a diameter of about 40 mm, as described in US
Patent No. 4,192,763, hereby incorporated by reference. The substrate is then coated with the aqueoué
dispersion of plasticized hydrophobic polymer to a weight gain from about 3 to about 30 percent;
depending upon the desired rate of dissolution, and the coated tablet is then cured in accordance with the
present invention until an endpoint is reached at which the cured coated tablet provides a reproducnbly
stable dissolution profile. |

When the active agent comprises a composition suitable for cleaning and preventing the staining of
toilet bowls, the subsfrate may include a well-known disinfectant such as calcium hypochlorite and!or,
trichloroisocyanuric acid. The active agent may alternatively comprise an alkali metal salt of dich-
loroisocyanuric acid and a chloride salt such as calcium chloride and barium chloride, such as that which |s
described in U.S, Patent No. 4,654,341, hereby incorporated by reference.

7

One possible example of such a product might include a substrate comprising 0.5-5% fragrance, 1-10%*
dye, 10-40% surfactant (which may be nonionic, cationic, anionic or zwitterion surfactants), and other:
optional components such as germicides, disinfectants, processing aids, and other commonly included’
ingredients known to those skilled in the art. Such active agents may be incorporated into a substrate |
comprising a tablet, along with other well-known ingredients such as detergents, surfactants, perfumes,1

]
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Table 58

Hour % APAP Dissolved

3.1
22.4
79.4
100.1

R s =

EXAMPLE 29

in Example 29, the dissolution rate of the tablets of Example 26 is increased by virtue of increasing the

amount of pore former contained in the controlled release coating to 70%.

In Example 29, immediate release tablet cores are prepared in accordance with the procedure set forth

i
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with regard to Example 26. Thereafter, the immediate release cores are coated with a controlled release
coating comprising an aqueous dispersion of ethylcellulose containing 70% HPMC as the pore former. The
coating is contained until a weight gain of 10% is achieved. The formula for the coated APAP tablet cores |s

set forth in Table 59 below:

Table 59
Ingredients mg/tab
APAP IR tablet cores 555.6
Aquacoat ECD-30 (solids) | 16.668
Methocel E5 premium 38.892
Triethyl Citrate 11.112
Purified water gs
Total: 622.272

Thereafter, the coated tablets are cured under the same conditions set forth in Example 26. In vitro
dissolution is then carried out as set forth in Example 26. The results are set forth in Table 60 below:

Table 60

Hour % APAP Dissolved

97.2
2 102.8

—_

The examples provided above are not meant to be exclusive. Many other variations of the present

invention would be obvious to those skilled in the art.

Claims

1.

A controlled release dosage form, comprising

a solid substrate compnsmg an effective amount of a therapeutically actlve agent, said solid
substrate bemg controlled with an aqueous dispersion of ethylcellulose in an amount effective to
provide a controlled release of said therapeutically active agent when said coated substrate is exposed
to gastrointestinal fluid, said coated substrate when subjected to in-vitro dissolution after exposure to
accelerated storage conditions of at least one month at 40°C/75% RH releasing an amount of said
therapeutically active agent which does not vary at any given dissolution time point by more than about
20% of the total amount of therapeutically active agent released when compared to in-vitro dissolution
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12,
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The dosage form of claim 1, characterized in that said coating is sufficient to provide effective blbod
levels of said therapeutically active agent for at least about 12 hours, said coated substrate upon in-
vitro dissolution testing providing a band range, when comparing the dissolution profile after exposure
to accelerated storage conditions of at least one month at a temperature of 40°C and a relative
humidity of 75% to the dissolution profile prior to exposure to said accelerated conditions, which i |s not
wider than about 20% of total active agent released at any point of time.

]
The dosage form of claim 2, characterized in that said coated substrate is cured at a temperature
greater than the glass transition temperature of the aqueous dispersion of plasticized ethylcellulose fand
at a relative humidity from about 60% to about 100% to cause individual ethylcellulose particles in said
coating to coalesce and to gradually slow the release of said active agent when exposed to an
environmental fluid, until said band range is obtained. =

A solid controlled release oral dosage form, comprising a substrate containing a systemically acftive
therapeutic agent in an amount sufficient to provide a desired therapeutic effect when said formulagion
is orally administered, said substrate being coated with an aqueous dispersion of plasticized ethylcel-
lulose to a weight gain from about 2% to about 25%, said coating being sufficient to obtain a controlled
release of said active agent when measured by the USP Paddle Method at 100 rpm at 900 ml aqueous
buffer (pH between 1.6 and 7.2) at 37°C from about 12.5% to about 42.5% (by wt) active adent
released after 1 hour, from about 25% to about 55% (by wt) active agent released after 2 hours, from
about 45% to about 75% (by wt) active agent released after 4 hours and from about 55% to about 85%
(by wt) active agent released after 8 hours, said coated substrate, when subjected to accelerated
storage conditions of at least one month at 40°C/75% RH, releasing an amount of said therapeutically
active agent upon in-vitro dissolution which does not vary at any given time point by more than about
20% of the total amount of therapeutically active agent released when compared to in-vitro dxssolutlon
conducted prior to storage.

The dosage form of claims 1-4, which provides therapeutically effective biood levels when administe%red
orally for at least 24 hours. :

|

i
The dosage form of claims 1-5, wherein said substrate is coated to a weight gain from about 2% to
about 25%. §
The dosage form of claims 1-6, wherein said therapeutically active agent is selected from the grdup
consisting of antihistamines, analgesics, non-steroidal anti-inflammatory agents, gastro-intestinals, abti-
emetics, anti-epileptics, vasodilators, anti-tussive agents, expectorants, anti-asthmatics, hormones,
diuretics, anti-hypotensives, anti-hypertensives, bronchodilators, antibiotics, antivirals, antihembr-
rhoidals, steroids, hypnotics, psycho-tropics, antidiarrheals, mucolytics, sedatives, decongestants, Iaxa—
tives, vitamins, and stimulants. ;

The dosage form of claims 1-7, wherein said substrate is a pharmaceutically acceptable bead, and:i a
plurality of said coated, cured beads are placed in a capsule in an amount sufficient to provude an
etfective controlled release dose when contacted by an aqueous solution.

!
The dosage form of claims 1-8, wherein said substrate is a tablet core. }
i

The dosage form of claims 1-8, wherein said therapeutically active agent is an opioid analgesic
selected from the group consisting of hydromorphone, oxycodone, morphine. levorphanol, methadone,
meperidine, heroin, dihydrocodeine, codeine, dihydromorphine, buprenorphine, salts of any of the
fmlxtures of any of the foregoing.

|
The dosage form of claim 3, wherein said coating is cured for a time period from about 48 to about 72
hours at a relative humidity of about 85%. i

The dosage form of claims 1-11, characterized in that said coating further comprises a release-
modvfymg agent in an amount effective to modify the rate of release of said active agent from sa|d
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The dosage form of claim 12, wherein said release-modifying agent is selected from the group
consisting of a hydrophilic polymer, a semi-permeable polymer, an erosion-promoting polymer, an
agent capable of making microporous lamina, a pore-former, and mixtures of any of the foregoing. !

|
i

The dosage form of claims 12-13, wherein said coating comprises from about 0.1% to about 70% of
said release-modifying agent. *

The dosage form of claim 12, wherein said coating comprises from about 0.1% to about 50% of said
release-modifying agent. |

The dosage form of claim 12, wherein said coating comprises from about 0.1% to about 25% of said
release-modifying agent. |

i
The dosage form of claims 1-4, wherein said coated substrate includes at least one passageway
through said coating which modifies the release of said systemically active therapeutic agent.
|
The dosage form of claim 12, wherein said release-modifying agent is selected from the group
consisting of hydroxypropyimethylcellulose, lactose, metal stearates, and mixtures of any of the
foregoing. |
{
!
The dosage form of claims 1-4, which provides a stabilized dissolution of said active agent which |s
unchanged after exposure to accelerated storage conditions of a temperature of 40°C and a relative
humidity of 75% for 3 months. 1
t
The dosage form of claims 4, 5, 7 and 10, wherein a portion of the amount of said active agent
included in said formulation is incorporated into a coating on said substrate. }
The dosage form of claim 2, characterized in that the band range, when comparing the dlssolutlon‘
profile after exposure to accelerated storage conditions of at least one month at a temperature of 40 ° o}
and a relative humidity of 75% to the dissolution profile prior to exposure to said accelerated}
conditions, does not differ by more than about 15%.

The dosage form of claim 2, characterized in that the band range, when comparing the dissolution*
profile after exposure to accelerated storage conditions of at least one month at a temperature of 40°C*

and a relative humidity of 75% to the dissolution profile prior to exposure to said accelerated[

conditions, does not differ by more than about 10%. ‘;

A method of treating a human patient, comprising orally administering the oral solid dosage form ofif
claims 1-22. |

A controlled release formulation comprising a substrate containing an active agent in an amount{
sufficient to provide a desired effect in an environment of use, said active agent being selected from :
the group consisting of a locally active therapeutic agent, a disinfecting agent, a cleansing agent, a [
fragrance, a fertilizing agent, a deodorant, a dye, an animal repellant, an insect repellant, a pesticide, a
herbicide, a fungicide, and a plant growth stimulant, said substrate coated with an aqueous dispersion ?
of plasticized ethyicellulose in an amount sufficient to obtain a controlied release of said active agent
when said formulation is exposed to an environmental fluid, said coated substrate being cured at a
temperature greater than the glass transition temperature of the aqueous dispersion of plasticized
ethylcellulose and at a relative humidity from about 60% to about 100% for a sufficient period of time f
untit a curing endpoint is reached at which said coated substrate provides a stabilized dissolution of
said active agent which is unchanged after exposure to accelerated storage conditions, said endpoint
being determined by comparing the dissolution profile of the formulation immediately after curing to the
dissolution profile of the formulation after exposure to accelerated storage conditions of at least one ;
month at a temperature of 37°C and at a relative humidity of 80%. ‘

The formulation of claim 24, wherein said substrate is coated to a weight gain from about 2 to about

1
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The method of claim 34, wherein said locally active therapeutic agent is selected from the group
consisting of an antifungal agent, an antibiotic, an antiviral agent, a breath freshener, an antitussive
agent, an anticariogenic agent, an analgesic agent, a local anesthetic, an antiseptic, an anti-flammatory

agent, a hormonal agent, an antiplaque agent, an acidity reducing agent, and a tooth desensitizer. 2

i

The method of claims 33-34, characterized in that said substrate comprises pharmaceutically accept-
able inert beads, further comprising coating said therapeutically active agent onto the surface of said
inert beads, and preparing said oral dosage form by placing a sufficient quantity of cured coated beads
into a capsule
,__E_/l |
The method of claim 33, further comprising preparing said substrate for oral administration by
incorporating said therapeutically active agent into a tablet.
=t |
The method of claims 33-34, wherein said coated substrate is cured for about 48 to about 72 hours,
until said endpoint is reached. }

H

The method of claims 33-34, further comprising coating said substrate to a weight gain from about 2%
to about 25%.

i

The method of claims 33-34, wherein said therapeutically active agent is selected from the group;
consisting of antihistamines, analgesics, non-steroidal anti-inflammatory agents, gastro-intestinals, anti
emetics, anti-epileptics, vasodilators, anti-tussive agents, expectorants, anti-asthmatics, hormones%
diuretics, anti-hypotensives, anti-hypertensives, bronchodilators, antibiotics, antivirals, antihemor-

rhoidals, steroids, hypnotics, psychotropics, antidiarrheals, mucolytlcs sedatives, decongestants, |axa—§
tives, vitamins, and stimulants.

The method of claims 33-34, wherein said active agent is an opiocid analgesic selected from the group
consisting of hydromorphone, oxycodone, morphine, levorphanol, methadone, meperidine, heroin,
dihydrocodeine, codeine, dihydromorphine, buprenorphine, salts thereof, and mixtures thereof. !

i
The method of claims 33-34 and 37-42, wherein said oral solid dosage form provides a desrred.
therapeutic effect for about 24 hours.

!
The method of claims 33-34, further comprising incorporating a release-modifying agent in said.
aqueous dispersion of ethylcellulose in an amount effective to modify the rate of release of said actlvet
agent from said cured, coated substrate. ‘

[
The method of claim 44, wherein said release-modifying agent is selected from the group consisting of?
a hydrophilic polymer, a semi-permeable polymer, an erosion-promoting polymer, an agent capable of
making microporous lamina, a pore-former, and mixtures of any of the foregoing. {

The method of claim 44, wherein said release-modifying agent is selected from the group consisting ofl
hydroxypropylmethylcellulose, lactose, metal stearates, and mixtures of any of the foregomg
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MULTILAYERED CONTROLLED RELEASE
PHARMACEUTICAL DOSAGE FORM

This is a division of application Ser. No. 08/319,186,
filed Oct. 6, 1994, which is hereby incorporated by
reference, U.S. Pat. No. 5,474,786.

FIELD OF THE INVENTION

This invention is directed to a multilayered controlled
release pharmaceutical dosage form. More particularly, the
dosage form is adapted for controlled release of water
soluble drugs and comprises a plurality of multilayered
coated particles, wherein each particle has multiple layers
about a core containing a drug active. The drug containing
core and at least one other layer of drug active is overcoated
with a controlled release barrier layer and an outer layer of
additional drug may be adapted for immediate release.

BACKGROUND OF THE INVENTION

Controlled release pharmacentical dosage forms are well
known and provide distinct advantages for delivery of
certain chemotherapies. Controlled release dosage forms are
particularly useful for drugs which act optimally at certain
levels of plasma concentration over extended periods of
time. Controlled release systems may also avoid the pres-
ence of ineffective or toxic levels of drugs which resuit from
periodic administration of immediate release dosage forms
which provide high initial levels of drug but may leave only
ineffectively small amounts of drugs in the plasma near the
end of the administration periods (i.e. cycles) prior to
subsequent administration of drug. Controlled release dos-
age forms are also desirable for providing continuous che-
motherapy for chronic conditions or those with a long
duration of therapy by providing drugs in a sustained
released manner that only requires administration either
once or twice daily instead of every four to six hours as may
be indicated for a particular drug.

The administration of highly water soluble drugs in a
controlled release dosage form presents particular problems.
The introduction of such highly water soluble drugs in
controlled release dosage forms into a patient’s digestive
system has met with limited success due to the normally
unpredictable leaching out of the very water soluble drug
active into the digestive system when using conventional
sustained release techniques. It is also challenging to pro-
vide a substantially zero or constant rate of release for drugs
that are highly water soluble for extended periods of time.

It is therefore an object of the present invention to provide
a multilayered controlled release pharmaceutical dosage
form system, particularly for very water soluble drugs. This
system provides desirable plasma levels of drugs with a
substantially constant rate of release of the drugs from
controlled release layers over a preselected period of time.

SUMMARY OF THE INVENTION

To achieve the objects and objectives in accordance with
the invention the present invention provides a multilayered
controlled release pharmaceutical dosage form, preferably
for water soluble drugs, comprising a plurality of coated
particles each comprising: a drug active core which is
sequentially overcoated with a first controlled release barrier
layer; at least one additional layer containing drug active
which is overcoated with an additional controlled release
layer; and preferably an outer layer containing drug active
which is intended for immediate release; whereby, the
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2 |
amount of drug active in the controlled release barrier
material utilized in each coating layer thereof is provided in
amounts effective to achieve a desirable plasma level of drug -
active in a patient over a preselected time period. In par- |
ticularly preferred embodiments the time period is twelve or
twenty-four hours (i.. corresponding to once or twice daily |
administration). “

In preferred embodiments of the invention the multilay- |
ered controlled release pharmaceutical dosage form for
water soluble drugs comprises a plurality of coated particles !
each comprising: ‘

a core comprising an inert material which is coated or ’
granulated with a water soluble drug active; ‘

a first coating layer over the drug containing core com-
prising a water soluble film forming polymer, preferably the
film forming mixture ddditionally comprises a plasticizer; {

a second coating layer over the first coating layer com- °
prising a film forming dispersion or solution which forms a |
controlled release layer over the coated drug core, preferably
a water-based dispersion;

a third  coating layer comprising a water soluble film
forming polymer and preferably a plasticizer; i
a fourth coating layer comprising additional water soluble {

|

!
|

drug active;

a fifth coating layer comprising a water soluble film
forming polymer and preferably a plasticizer; |
Ta sixth coating layer comprising a film forming dispersion |
or solution which forms a controlled release layer over the |
coated drug core, preferably a water-based dispersion; and &

a final coating layer of a water soluble film forming ;
polymer and preferably a plasticizer. !

In preferred embodiments of the invention the water
soluble film forming polymier is hydroxypropyl methylcel-
lulose and the plasticizer is polyethylene glycol.

Preferably the film forming polymer which forms the |
controlled release layer is provided as a water-based disper-
sion and comprises ethyl cellulose. Preferably the dispersion
additionally comprises at least one of dibutyl sebacate, oleic
acid, and sodium lauryl sulfate.

In preferred embodiments of the invention the water
soluble drug active is selected from the group consisting of
tramadol, pseudoephedrine and phenylpropanolamine and
salts thereof. More preferably the drug active is very water
soluble and is tramadol HCI or pseudoephedrine HCL Most |
preferably the drug active is tramadol HCL The invention is
also intended to cover substantially pure active enamtiomers
of these drug actives.

In a particularly preferred embodiment of the invention
the controlled release layers of the second and sixth coating

layers are provided at levels to obtain a substantially con- |
stant release profile of the drug active over about a twenty- |
four hour period. }

In other embodiments the invention provides a method of
achieving a desirable plasma level of a water soluble drug |
over a twenty-four hour period in a patient comprising the |
steps of:

preparing a multilayered controlled release dosage form |
by sequentially overcoating a drug active containing core -
with a first controlled release barrier layer; !

providing at least one additional layer containing drug
active over said first controlled release barrier layer which in
turn is overcoated by an additional controlled release layer;
and ;
providing an outer layer containing drug active which is
intended for immediate release; whereby, the amount of drug

HPHC
PEG
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active and the controlled release barrier material utilized in
each coating layer thereof is provided in an amount effective
to achieve a desirable plasma level of drug activein a patient
over a twenty-four hour period.

In preferred embodiments of the method of the invention
the drug is tramadol HCI or pseudoephedrine HCIL.

In other preferred embodiments of the method of the
invention the sequential coatings are all applied in aqueous
systems.

In particularly preferred embodiments of the method of
the invention the multilayered dosage form comprises at
least one additional coating layer of a water soluble film
forming polymer interposed between one or more of the
controlled release layers and the adjoining layer containing
drug active to assure uniformity of the dosage form.

In other embodiments of the invention two or more drug
actives may be provided in one or more of the drug con-
taining layers of the multilayered dosage forms.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a graph showing percent dissolved over time of
single and double layer (controlled release layer) coated
beads of the drug tramadol HCI.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS OF THE
INVENTION

Reference will now be made in detail to preferred
embodiments of the invention. Examples of the preferred
embodiments are illustrated in the following example sec-
tion.

As used herein the term water soluble refers to those
compounds and compositions which range from slightly
soluble to very soluble in water. Actives which are moder-
ately to highly water soluble are particularly preferred for
use in this invention because the multilayered approach
taken herein provides barriers to premature leaching of
water soluble actives which may, in clinical use, undesirably
speed up the rate of release of such actives from conven-
tional sustained release dosage forms. Examples of very or
highty water soluble actives include tramadol HCI, pseu-
doephednne HCI and phenylpropanola:mne HCL

The mu multilayered controlled release pharmaccuucal dos-
age form of the invention is well suited for water soluble and
very water soluble drugs. The plurality of coating layers
including at least two controlled release layers and various
sealing layers provide a dosage form which permits effective
and desirable controlled release of drug substance from a
plurality of coated pellets in a dosage form by providing at
least two diffusion barriers throngh which drug active is
slowly released. The multilayered coated particles of the
invention are particularly well suited for very water soluble
drugs since the multicontrol release barrier approach of the
present invention mitigates the possibility of premature
leaching out of very water soluble drug active in aqueous
systems such as the digestive tract. While the present
invention can be used for non-water soluble drugs it is
particularly advantageous when applied to more water
soluble drugs which are more prone to leaching as described
above. The multilayered dosage form may contain more than
one drug active in any or all of the drug containing layers
thereof.

The drug active core of the multilayered controlled
release pharmaceutical dosage form is generally a sugar
sphere which is coated with a drug active. This core may
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. however be a combination of a drug active and binder which

is granulated into a sphere or the core may be some other
non-active substance besides sugar. Each time drug active is
provided in a layer it is first overcoated with a water soluble
film forming polymer to inhibit the leaching of such drug
active during processing into the next applied layer, e.g.
controlled release layer. Such leaching into the controlled
release layer may have the effect of contaminating the
controlled release layer to provide for inconsistent resuli
from layer to layer and/or batch to batch of the drug dosage
form because the presence of the leached active would
provxde for premature release of the active as well as
opening up excess space in the controlled release layer for
further premature diffusion of the drug active therefrom. The
inclusion of such a protective layer over the drug active 1s
particularly indicated in the present invention because of the
aqueous nature of the preferred water based polymer con-
trolled release layer which is to be provided over each drug
containing core. Further, in cases where the drug is partica-
larly water soluble, undesirable leaching is a probable result
absent provision of a protective coating of a water soluble
film forming polymer over the drug containing layer.
Tt is preferred that the water soluble film forming polymer
comprises a plasticizer to assure adequate flexibility of thé
film forming polymer layer. If the film forming polymer
layer is comprised of a substance which inherently has
adequate flexibility then a plasticizer may not be necessary,
The water soluble film forming polymer is preferably
hydroxypropyl methylcellulose but may be other suitable
polymers such as hydroxypropy! cellulose or povidone and
more preferably additionally comprises polyethylene glycoi
and or propylene glycol as plasticizer. Preferably this poly:
mer is in a liquid solution. Other water soluble polymers
may be applied as would be known to those skilled in the art;
The controlled release layer of the multilayered drug
dosage form of the invention is a diffusion layer through
which drug is released in a controlled manuer. It is particu-
larly desirable that the controlled release diffusion layer be
water based for ease of processing and environmental con-
cerns. The use of a water based dispersion to form a
controlled release layer indicates the use of a protechve
undercoating as described above to protect against prema-,
ture leaching of the underlying drug into the subsequently;
applied controlled release layer which may provide incon-,
sistent release patterns for the drug. While the present
invention preferably provides for two controlled released.
layers; three or more controlled release layers are contem—}
plated and are a part of the present invention. The use of two'
or more controlied release layers and the underlying drug’
layers' may also provide for customization of the multilay-!|
ered drug pellets controlled release profile of one drug or for;
the release of a mixture of drug actives from the pellet.
In preferred embodiments of the invention an immediate |
release layer of drug is provided on the outside core of the
multilayered pellet to provide for the immediate introduction
of an effective amount of drug active to a patient. An
effective level of drug active is then maintained through the !
gradual release of additional drug active by diffusion !
through the controlled release layers of the drug while it’

remains in the digestive system. {

The controlled release layer may be a solution or dlsper-
sion of a film forming polymer. Preferably, the controlled !
release layer is applied as a water based dispersion com-

prising ethyl cellulose. More preferably, the dispersion addi- i
tionally comprises plasticizer ingredients such as dibutyl |

sebacate and oleic acid. A particularly preferred water based

controlled release dispersion is sold under the trademark :

l
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SURELEASE and comprises ethyl cellulose, dibutyl
sebacate, oleic acid, ammoniated water, and fused silica.
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-continued
% weight/weight og/Capsule
Components (theoretical) (theoretical)

T?mmwwutwme,invcn-
tion are preferably provided in a hard gelatin capsule but
may also be provided in any other suifable oral dosage form
such as a matrix comprising such pellets agglomerated with

an appropriate and compatible binder to form a unitary solid

dosage form which will release the iptact pellefs in_the
digestive tract after swallowing.

The film forming process of the invention can be carried
out in conventional pans, preferably pans with one way air
flow to provide more control over the pan environment.
More preferably the coating is accomplished in a fluidized
bed which is an air suspension technique known as

10

15
“Wurster” coating. Most preferably the pellets are coated in

a rotor granulator with a top fluid bed which provides
rotation of the pellets during coating to ensure a more
uniform coat of the pellets. Examples of a preferred coating
apparatus of the invention is a GLATT GPCG-5 rotor
granulator. Other coating materials and techniques can be
applied such as those disclosed in The Theory and Practice
of Industrial Pharmacy, Lachman et al.. 3d edition. 1986.

The invention will now be illustrated by examples. The
examples are not intended to be limiting of the scope of the
present invention but read in conjunction with the detailed
and general description above, provide further understand-
ing of the invention and outline a process for preparing the
compositions of the inventions and methods of practicing
the invention.

EXAMPLES

The following ingredients, processes and procedures for
preparing the compositions of the present invention corre-
spond to that described above. The procedure below

" describes with particularity the various formulation ingre-
dients and procedures utilized. Any methods. starting
materials, reagents or excipients which are not particularly
described will be generally known and available to those
skilled in the pharmaceutical formulation arts. All formula-
tiop percentages are provided in percent by weight by total
weight of the composition.

Example 1

300 mg. tramadol sustained release capsules

A. Composition: Unit Dose

The theoretical quantitative composition (per unit dose)
for tramadol HCl 300 mg sustained release capsules is
provided below:

% weight/weight mg/Capsule
Components (theoretical) (theoretical)
Tramado] HC1 68.34 300
(OPADRY ® Clear 114 5.01
YS-3-7011)!
Purified Water, USP2 — _—
Sugar Spheres, NF 125 5487
OPADRY ® Clear 4.48 19.66
YS-1-7006%
SURELEASE ® E-7-7050* 13.54 59.44
Capsules® — —
Total 100.00% 438 98mg®

20

25

30

35

45

50

55

65

1A mixture of hydroxypropyl methylcellulose, polyethylene glycol and pro-
gylene glycol.
Purified Water, USP is evaporated during processing.
3 A mixture of hydroxypropyl methylcellulose and polyethylene glycol.
“Solid content only of a 25% aqueous dispersion of a mixture of ethyl
cellulose, dibutyl sebacate, oleic acid, ammoniated water and fumed silica.
The water in the dispersion is evaporated dunng processing. '
SWhite, opaque, hard gelatin capsule, size 00. i
SBach batch is assayed prior to filling and the capsule weight is adjusted as -
required to attain 300 mg tramadol hydrochloride per capsule. !
X
§

The quantitative batch composition for ttamadol hydro- |
chloride 300 mg sustained release capsule is shown below
(Theoretical batch guantity 25,741 capsules):

Components

1
Weight ‘

i
Step 1: Preparation of Tramadol ;
Hydrochloride Beads (bead Build-up #1) 12.000 !
Opadry ® Clear ¥S-3-7011 0.200
Purified Water, USP 5.454 ‘
Sugar Spheres, NF 4.000 H

i
Total Weight Tramadol Hydrochloride 16.200 kg |
Beads (Bead Build-up #1)
Step 2: Clear & Sustained Release ]
Bead coating #1 b
Tramadol Hydrochloride Beads gooo |
(derived from Step 1) i
Opadry ® Clear YS-1-7006 0.360
Purified Water, USP 5.928 i
Surelease ® E-7-7050 0.672

{
Total Weight Clear Coated Sustained 9.032 kg |
Release Beads
Step 3: Tramado! Hydrochloride Beads ‘
(Build-up #2) ;
Sustained Release Beads (derived from Step 2) 8.000 i
Tramadol Hydrochloride 4.320
Opadry ® Clear YS-3-7011 0.072
Purified Water, USP 1.964 ,
Total Weight Tramadol Hydrochloride 12.392 kg 11
Beads (Build-up #2) d
Step 4: Clear & Sustained Release Bead
Coating #2
Tramadol Hydrochloride Beads
(derived from Step 3) 10.000 :
Opadry ® Clear YS-1-7006 0.250 :
Purified Water, USP 6.450 H
Surelease ® E-7-7050 1.050 !
Total Weigh Tramadol Hydrochloride 11.300 kg
Sustained Release Beads
Step 5: Capsule Filling —_—

B. Methods of Manufacturing and Packaging .

NOTE: The drug substance and excipients may be '
deagglomerated, if needed, by milling or screening. ‘

Step 1: Preparation of Tramadol Hydrochloride Beads j
(Bead Build-up #1) .

a. Preparation of Tramadol Hydrochloride Build-up Solu- |
tion ;

1. Admix the batch quantity of Purified Water, USP and the
batch quantity of Opadry® Clear YS-3-7011.

ii. Add the batch quantity of tramadol hydrochloride and
mix for approximately 1.5 hours.

b. Preparation of Tramadol Hydrochloride Beads

i. Load the bowl of a suitable bead coater such as the Glatt
GPCG 5 Rotor-Granulator with the batch quantity of sugar
spheres. NF and heat until the bed reaches approximately
40° C.-60° C :

\
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ii. While maintaining the bed temperature at approxi-
mately 40°-60° C., spray the entire tramadol hydrochloride/
Opadry® Clear YS-3-7011 solution prepared in Step l.a.
onto the sugar spheres.
iii. Remove the tramadol hydrochloride beads from the
granulator and screen to remove any agglomerates and any
fine powder.
Step 2: Clear and Sustained Release Bead Coating #1
a. Preparation of Clear Coat #1
Add 54.7% of the batch quantity of Purified Water, USP
(3.240 kg) and the batch quantity of Opadry® Clear YS-1-
7006 (0.360 kg) and mix for approximately 1-2 hours.
b. Preparation of Sustained Release Dispersion #1
Add 11.3% of the batch quantity of Purified Water, USP
(0.672 kg) and 2.688 kg of Surclease® E-7-7050 dispersion
and mix for approximately 1-2 hours.
¢. Preparation of Coated Beads
i. Transfer the batch quantity of the tramadol hydrochlo-
ride beads prepared in Step 1. (8.0 kg) into a suitable bead
coater such as the Glatt GPCG 5 Rotor-Granulator and heat
until the bed reaches approximately 40° C.-60° C.
ii. Maintain the bed temperature at the following condi-
tions and spray:
40° C.—60° C. 88.9% of the Opadry® Clear YS-1-7006
solution prepared in Step 2.a.

42° C-50° C. the batch quantity of the Surelease®
E-7-7050 dispersion prepared in Step 2.b.

40° C.—60° C. the remaining batch quantity (11.1%) of the
Opadry® Clear YS-1-7006 solution prepared in Step
2.a.

iii. Remove the tramadol sustained release beads derived
in Step 2.c.ii. from the granulator and screen the beads to
remove any agglomerates and any remaining fine powder.

Step 3: Tramadol Hydrochioride Beads (Build-up #2)

a. Preparation of the Tramadol Hydrochloride Build-up
Solution

i. Add the batch quantity of Purified Water, USP and the
batch quantity of Opadry® Clear YS-3-7011.

ii. Add the batch quantity of tramadol hydrochloride and
mix for approximately 1-2 hours.

b. Preparation of the Tramadol Hydrochloride Beads

i. Load the bow! of a suitable bead coater such as the Glatt
GPCG S Rotor-Granulator with the batch quantity of sus-
tained reiease beads from Step 2. (8.0 kg) and heat until the
bed reaches approximately 40° C.-60° C.

ii. Spray on the entire tramadol hydrochloride/Opadry®
Clear YS-3-7011 solution prepared in Step 3.a. onto the
heated sustained release beads, while maintaining the bed
temperature at approximately 40° C~60° C.

iii. Remove the tramadol hydrochloride beads from the
granulator and screen the beads to remove any agglomerates
and any fine powder.

Step 4: Clear and Sustained Release Bead Coating #2

a. Preparation of Clear Coat

Add 34.9% of the respective batch quantity of Purified
Water, USP (2.250 kg) and the respective batch quantity of
Opadry® Clear YS-1-7006 (0.250 kg) and mix for approxi-
mately 1-2 hours.

b. Preparation of Sustained Release Dispersion #2

Add to a suitable stainless steel mixing tank 16.3% of the
batch quantity of Purified Water, USP (1.050 kg) and 4,200
kg of Surelease® B-7-7050 dispersion and mix for approxi-
mately 1-2 hours.

c. Preparation of Coated Beads

i. Transfer the batch quantity of the tramadol hydrochlo-
ride beads prepared in Step 3. (10.0 kg) into a suitable
granulator such as the Glatt GPCG 5 Rotor-Granulator and
heat until the bed reaches approximately 40° C.-60° C.

5
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ii. Maintain the bed temperature at the following condi-
tions and sprays:
40° C.~60° C. 80% of the Opadry® Clear YS- 1-7006
solution prepared in Step 4.a.

42° C.-50° C. the batch quanuty of the Surelease®E- 7-
7050 dispersion prepared in Step 4.b.

40° C.-60° C. the remaining batch quantity (20.0%) of the
Opadry® Clear YS-1-7006 solution prepared in Step
4.a.

iii. Remove the tramadol sustained release beads deriveg
in Step 4.c.ii. from the granulator and screen the beads to
remove any agglomerates and any remaining fine powder,

iv. Dry the beads in a 45° C.-55° C. dry heat oven for
approximately 24 hours.

Step 5: Capsule Filing

a. Based on the in-process assay results, calculate the ﬁll
weight of the tramadol hydrochloride sustained relcase
beads.

b. On a suitable filling machine or by hand. fill thé
calculated amount of tramadol hydrochloride sustained
release beads into white, opaque, hard gelatin capsules (sizé
00). ]

Example 2 k

Preparation of Pseudophedrine sustained Release
Capsules

Follow the procedure of Example 1 but replace thé
tramadol HCl with pseudophedrine HCI and reduce all of thc
ingredients to two-thirds to produce 200 mg pscudophednne
sustained release capsules.

The present invention provides for a heretofore um'eahzed
consistent drug reiease pattern for very water soluble drugs
such as tramadol HCl and pseudophedrine HCl from a
sustained released pellet systern. The advantages obtamed
by the multilayered pellets of the invention are indicated i m
the appended graph of FIG. 1 for comparing formulations
for tramadol. The graph shows that the double layer bead of
the invention (i.e. two controlled release layers, i.e. 8% and
10% controlled release layer amounts, by weight of the total
weight of the beads) provides a more linear (ie.. morc
constant or uniform) release rate as corppared to smglc
layered beads with a single controlled release layer (ie.,
12.5% and 14% controlled release layer amounts by weLght’
of the total weight of the beads).

The scope of the present invention is not limited by the
description, examples or suggested uses herein and modifi-i
cations can be made without departing from the spirit of thes
invention. The multilayered dosage forms of the mventmn‘
may, for example, have other applications and uses in}
addition to those described herein, e.g. for vitamin suppk:-J
ments or for controlled delivery of diagnostic agents. :

Applications of the compositions and methods of the|
present invention for medical or pharmaceutical uses can be !
accomplished by any clinical, medical, and pharmaceutical
methods and techniques as are presently or prospectively ;
known to those skilled in the art. Thus it is intended that the 1
invention cover any modifications and variations of this'
invention provided that they come within the scope of the |
appended claims and their equivalents. l

What is claimed is:

1. A multilayered controlled release pharmaceutical dos-
age form for water soluble drugs comprising a plurality of | |
coated particles each comprising: a drug active core com- !

prising a mixture of hydro Hulose, poly- -
ethylene glycol and propylene glycol which is sequentially '
ALy SPyIIe BlyCol
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overcoated with a first controlied release barrier layer com-
prising ethyl cellulose; and at least one additional layer
containing drug active comprising a mixture of hydroxypro-
pyl methyleellulose, polyethylene glycol and propylene gly-
col which is overcoated with an additional controlled release
layer comprising ethyl cellulose; whereby, the amount of
drug active and the controlled release barrier material uti-
lized in each coating layer thereof is provided in amounts
effective to achieve a desirable plasma level of drug active
in a patient over a preselected twelve to twenty-four hour
period.

2. The multilayer dosage form of claim 1 additionally
comprising an outer layer containing drug active which is
intended for immediate release.

3. The multilayer dosage form of claim 1 comprising at
least one additional coating layer of a water soluble film
forming polymer interposed between one or more of the
controlled release layers and the adjoining layer containing
drug active.

4. Amethod of achieving a desired plasma level of a water
soluble drug over a desired time period in a patient com-
prising the steps of:

preparing a multilayered controlled release dosage form
by sequentially overcoating a drug active containing
core comprising a mixture of hydroxypropyl
methylcellulose, polyethylene glycol and propylene
glycol with a first controlled release barrier layer com-
prising ethyl cellulose; and

10 | }»
providing at least one additional layer containing drug '
active comprising a mixture of hydroxypropyl
methylcellulose, polyethylene glycol and propylene ‘
glycol over said first controlled release barrier layer '
which is overcoated by an additional controlled release !
layer comprising ethyl cellulose; whereby, the amount |
of drug active and the controlled release barrier mate- |
rial utilized in each coating layer thereof is provided in ,
an amount effective to achieve a desirable plasma level
of drug active in a patient over a desired period of time.

5. The method of claim 4 additionally comprising an outer
layer containing drug active which is intended for immediate
release. :

6. The method of claim 4 wherein the desired time period
is about twelve or twenty-four hours.

7. The method of claim 4 wherein the drug is tramadol ,
HCI or pseudoephedrine HCI.

8. The method of claim 4 wherein the sequential coatings
are all applied in aqueous systems.

9. The method of claim 4 wherein the multilayered dosage
form comprises at least one additional coating layer of a
water soluble film forming polymer interposed between one
or more of the controlled release layers and the adjoining
layer containing drug active.

10. The method of claim 4 wherein two or more different
drug actives are provided in the dosage form. i




2538 FARMACIA INDUSTRIAL

requerida para mantener un nivel sanguineo constan-
te de la droga. Es importante reconocer que si bienen
teorfa puede ser conveniente una liberacién de orden
cero, la de orden no cero puede ser clinicamente
equivalente a la liberacién constante en muchos ca-
s0s. Aparte del grado de variacién intraindividual e
interindividual, se observa que, para'muchas drogas,
cambios modestos de sus niveles. tisulares no deter-
minan un mejorfa del rendimiento clinico. Asi, desde
el punto de vista clinico un nivel no constante puede
ser indistinguible de uno constante.

Para lograr rdpidamente un nivel terapéutico y
mantenerlo durante un determinado periodo, la admi-
nistracién consta de dos.partes: una dosis de ataque
inicial, D;, que libera de inmediato la droga, y una do-
sis de mantenimiento o sostenida, D,,. Asf, la dosis
total, W, requerida para e sistema es:,

W=D, +D, (2)

Para un sistema en el que la dosis de mantenimien-
to libera droga mediante un proceso de orden cero du-
rante un periodo especificado, la dosis total? es:

W=D, + kT, A3)

donde kS es la constante de velocidad de orden cero
para la liberacién de la droga y T, es ¢l periodo total
deseado para la liberacién sostenida de una dosis. Si
'a dosis de mantenimiento inicia la liberacién de la
Joga en el momento de la dosificacién (¢ = 0), se su-
mard a la provista por la dosis inicial, lo que aumen-
ta el nivel inicial de la droga. En este caso, se necesi-
ta un factor de correccién para tener en cuenta la dro-
ga adicional de la dosis de mantenimiento:

W=D, +KT,- kT, @)

El factor de correccidn, KT, es la cantidad de
droga provista durante el periodo desde ¢ = 0 hasta el
momento del nivel pico de la droga, T,. No se requie-
re factor de correccién si la forma farmacéutica se ela-
bora de manera tal que la dosis de mantenimiento no
comienza a liberar droga hasta el momento T,

Ya se ha mencionado que el objetivo ideal de un
sistema de liberacién sostenida es un nivel tisular o
sanguineo perfectamente invariable en funcién del
tiempo. La manera de lograrlo, en el casg més sencillo,
es mediante una dosis de mantenimiento que libere la
droga segtin una cinética de orden cero. Sin embargo,
se pueden obtener aproximaciones satisfactorias de un
nivel constante de droga mediante combinaciones ade-

adas de la dosis inicial y la de mantenimiento, que li-
re su droga por un proceso de primer orden. La do-
sis total para un sistema de este tipo es:

W=D, + (kCy/k)V, &)

donde k, es la constante de velocidad de primer orden
para la liberacién de la droga (tiempo™), y k,, C, yV,

son como se definié antes. Si la dosis de manteni-
miento comienza a liberar droga a f = 0, se requiere
un factor de correccién como en el caso de orden ce-
ro. En esta circunstancia, la expresién correcta es:

W= Di + (kecd/kr)vd - DmkyTp (6)

Con el fin de mantener los niveles sanguineos de
la droga dentro del rango terapéutico, durante todo ¢l
curso de tratamiento, la mayoria de los sistemas de li-
beracidn sostenida se administran, al igual que las
formas convencionales, en dosis miiltiples en lugar
de dnicas. Para un sistema de liberacién sostenida
ideal que libera la droga segin una cinética de orden
cero, el esquema de dosis miltiples es andlogo al in-
dicado para una infusién intravenosa constante, co-
mo se analiz6 en el capitulo 42. En los sistemas de li-
beraci6n sostenida con cinética de liberacién distinta
del orden cero el esquema de dosis miiltiples es mds
complejo y su andlisis escapa al alcance de este capi-
tulo; Welling y Dobrinska® brindan una €xposicion
més detallada.

Ventajas posibles de la farmacoterapia
sostenida :

Todos los productos de liberacién sostenida tie-
nen el objetivo de mejorar la farmacoterapia en com-
paracién con sus homélogos de liberacién no sosteni-
da. Esta mejorfa del tratamiento farmacol6gico de-
pende de varias ventajas potenciales de los sistemas
de liberaci6n sostenida, expuestas en el cuadro 94-1.

Se ha reconocido que el cumplimiento del pacien-
le es un componente necesario e importante para el
éxito de la farmacoterapia administrada por el pa-
ciente. La minimizacién o la eliminacién de los pro-
blemas de cumplimiento es una ventaja obvia del tra-
tamiento de liberaci6n sostenida. Dada la naturaleza
de su cinética de liberacién, un sistema de este tipo
serd capaz de utilizar menor cantidad total de droga
en el curso de tratamiento que un preparado conven-
cional. Las ventajas de esto son la disminucién o la
eliminacién de efectos colaterales locales o sistémi-
cos, menor potenciacién o reduccién de Ia actividad
de la droga con la administracién crénica y minimj-
zacién de la acumulacién del agente en tejidos orgd-
nicos durante el tratamiento crénico.

Sin duda, la razén mds importante de la farmaco-
terapia sostenida es la mejor eficiencia del tratamien-
t0; es decir, tratamiento 6ptimo. El resultado de con-
tar con niveles sanguineos constantes de droga con un
sistema de liberaci6n sostenida es alcanzar pronto el
efecto deseado y mantenerlo por un periodo prolonga-
do. La reduccién o la eliminacién de las f] uctuaciones
de los niveles sanguineos perniiten un mejor mancjo
de la patologfa. Ademds, el método por el que se lo-
gra la liberacion sostenida puede mejorar la biodispo-
nibilidad de algunas drogas. Por ejemplo, los agentes
susceptibles de inactivacién enzimatica o de descom-

—
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SISTEMAS DE LIBERACION SOSTENIDA DE DROGAS

Cuadro 94-1. Ventajus potenciales de la farmaco-
terapia sostenida :
Sorepe poetEliac

1. Evita los problemas de cumplimiento del paciente

2. Administta menos cantidad total de droga
a. Minimiza o elimina los efectos colaterales locales
b. Minimiza o elimina los efectos colaterales sistémicos
c. Se logra menos potenciacién o reduccién de la activi-
dad de la droga con el uso crénico
d. Minimiza la acumulacién de la droga con la dosifica-
cién crénica
3. Mejora la eficiencia del tratamiento
a. Cura o controla la enfermedad con més rapidez
b. Mejota el control de la enfermedad; es decir, reduce
la fluctuacién del nivel de droga
¢. Mejora la biodisponibilidad de algunas drogas
d. Aprovecha efectos especiales; por ej.,"aspirina de li-
beraci6n sostenida para el alivio matinal de la artritis,
tomando la dosis antes de acostarse

4. Economia’

posicién bacteriana pueden ser protegidos por encap-
sulamiento en sistemas de polimeros adecuados para
la liberacién sostenida. En las drogas que tienen una
“ventana especifica” de absorcién, se puede lograr
mayor biodisponibilidad localizando el sistema de li-
beracién sostenida en determinadas regiones del trac-
to gastrointestinal. Asimismo, la mayor eficiencia del
tratamiento puede depender de un efecto terapéutico
especial que no se podria conseguir con una forma
farmacéutica convencional (véase cuadro 94-1).

La dltima ventaja potencial enumerada en el cua-
dro 94-1, lade Ia economia, puede analizarse desde
dos puntos de vista. Aunque el costo inicial por uni-
dad de la mayor parte de los sistemas de liberacién
sostenida suele ser més elevado que el de las formas
farmacéuticas convencionales, por su cardcter espe-
cial, el costo promedio del tratamiento a lo largo de
un perfodo prolongado puede ser menor. También se
logra economizar con la disminucién del tiempo de
enfermeria y de internacién, menos tiempo de traba-
jo perdido, etcétera.

Propiedades relevantes de las drogas
para la formulacién de liberacién
sostenida

El desarrollo de los sistemas de liberacién soste-
nida estd sujeto a numerosas variables de considera-
ble importancia. Entre ellas se encuentran la via de
administracién, el tipo de sistema de suministro, la
enfermedad tratada, el paciente, Ia duracién de] trata-
miento y las propiedades de la droga. Todas estas va-
riables estdn interrelacionadas Yy esto impone ciertas
limitaciones a la eleccién de la via de administracién,
al disefio del sistema de suministro y a la duracién
del tratamiento. Las limitaciones impuestas por las
propiedades de la droga son de particular interés pa-
ra el cientifico que desarrolla el sistema. Esas propie-

1

dades son las que mds influyen en el comportamien-}
to de la droga en el sistema de suministro y en el or-
ganismo. A los fines de-esta exposicién, conviene,
describirlas como fisicoquimicas o biolégicas. Es ob-|
vio que no hay una distincién nitida entre esas dos’
categorias, dado que las propiedades bioldégicas son
una funcién de las propiedades fisicoquimicas. De;
todos modos, a los efectos de este anilisis, se consi-
derardn propiedades fisicoquimicas los atributos que]
pueden determinarse por experimentos in vitro. Se!
incluird como propiedades bioldgicas lus que dcrivenf
de estudios farmacocinéticos tipicos sobre las carac-
teristicas de absorcién, distribucién, metabolismo yi
excrecién (ADME) de una droga, y las resultantes des
estudios farmacoldgicos. :

Propiedades fisicoquimicas 1
;
I

Solubilidad en agua y pK,. Es bien sabido que!
para que una droga se absorba primero se debe disol-|
ver en la fase acuosa que rodea el sitio de administra- |
cién y después se debe hacer la particién en la mem-'
brana absorbente. Dos de las propiedades fisicoqui-'
micas mds importantes de una droga, que inciden en
su comportamiento absortivo, son su hidrosolubili-
dad y, si se trata de un 4dcido o una base débiles (co-‘P
mo la mayor parte de las drogas), su pK.,. Estas pro- l
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piedades influyen en el desempeiio de los productos
de liberacién no sostenida, pero su participacion es
aun mayor en los sistemas de libcracién sostenida,

La hidrosolubilidad incide en su velocidad de di- -
solucidn, que a su vez, establece su concentracién en '
solucién y, por ende, la fuerza propulsora para la di- -
fusién a través de las membranas. La velocidad de di-
soluci6n se relaciona con la hidrosolubilidad. como
muestra la ecuacién de Noyes-Whitney que, en con-
diciones de sumersién, es:

dC/dt = kpAC, (7

donde dC/dt es la velocidad de disolucion, &, es lu
constante de velocidad de disolucién, A ¢ la superfi-
cie total de las particulas de la droga y C, es la hidro-
solubilidad de su saturacion. La velocidad de disolu-
cion es constante sélo si la superficie A se mantiene
constante, pero lo importante es que la velocidad ini-
cial es directamente proporcional a C.. Por lo tanto, i
la hidrosolubilidad de una droga se puede utilizar co-
mo primera aproximacién a su velocidad de disolu-
cién. Las drogas con escasa hidrosolubilidad tienen
velocidades de disolucién bajas y suelen presentar
problemas de biodisponibilidad oral.

Se recordard, por el capitulo 16, que la hidrosolu-
bilidad de dcidos y bases débiles depende del pK, del
compuesto y del pH del medio. Para un dcido débjl:

8= So(l + KJH]) = Sy(1 + 1001t0ks)  (8)

donde S, es la solubilidad total (tanto de las formas
ionizadas como no ionizadas) del dcido débil, S, es la
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sintomas téxicos. hasta varios miles. Las drogas muy
“potentes™. cuyo rango de concentracidn terapéutica
es estrecho. tienen un valor de IT bajo. Por lo gene-
ral. cuanto mayor es el valor del 1T, mds segura es la
sustancia. Las drogas con valores muy pequefios de
IT suelen ser malos candidatos a la formulacién en
productos de liberacién sostenida. sobre todo por las
limitaciones técnicas para controlar con precision la
velocidad de liberacién. Se considera que una droga
es relativamente segura si su valor de /7 supera 10. El
aprobarbital. la digitoxina, el fenobarbital y la digo-
xina son ejemplos de sustancias con IT < 10.

Magnitud de la dosis. Como el sistema de libe-
racion sostenida estd disefado para evitar las dosis
repetitivas. es natural que contenga mayor cantidad
de droga que la forma convencional respectiva. La
dosis administrada tipica de una droga convencional
dard alguna indicacién de la cantidad total requerida
en el preparado de liberacién sostenida. En los casos
en que se requieren grandes dosis convencionales, el
volumen de la dosis sostenida puede ser tan grande
que no resulta practico o es inaceptable, segiin la via
de administracién. Lo mismo es valido para cuando
se precisa una gran velocidad de liberacién a partir
del sistema de liberacion sostenida, como ocurre con
las drogas de vida media corta. Para la via oral. ¢l vo-
lumen del producto estd limitado por la aceptacion
del paciente. mientras que en las vias intramuscular,
intravenosa o subcutdnea. la limitacién depende de la
tolerancia en el sitio de inyeccion. También se debe
mencionar que para lus drogas con un bajo indice te-
rapéutico. la incorporacién de cantidades superiores
a DTy, puede ser potencialmente peligrosa si cl siste-
ma falla.

Formas farmacéuticas orales

Para los sistemas de liberacion sostenida, la via de
administracion oral es la que recibié la mayor aten-
ci6n. Esto se debe en parte a que hay mis flexibilidad
para disenar la forma farmacéutica por via oral que
por via parenteral. La aceptacién de la primera por

arte del paciente es bastante alta. Se trata de una via

Membrana P
- (0)
- Cm(O}
2 4.
s G
Droga—J RSN Coy
0 /
X—>

Fig. 94-6. Representacion esquemitica de un dispositivo de difu-
sion a partir de un reservorio. o,y G representan concentracio-
nes de la droga en fas superficies internas de la membrana, y o,y
(", representan concentracinnes en las regiones adyacentes. (Repro-
ducido con autorizacion ")

!

de administracion relativamente scgura respecto de la
mayor parte de las vias parenterales. v las limitacio-
nes que imponen la esterilidad y la posible lesién en
el sitio de administracién son minimas. En esta sec-
cién, se analizan los métodos mis comunes utiliza-
dos para lograr liberacién sostenida de (rogas admi-
nistradas por via oral.

Sistemas de difusiin

En estos sistemas, la velocidad de liiveracién de-
pende de la difusién de la droga « travé  de un poli-
mero insoluble en agua. Hay dos tipos e dispositi-
vos de difusién: dispositivos de reserviorio, en los
que un centro de droga estd rodeado de una membra-
na polimérica, y dispositivos de matriz. en los que la
droga disuelta o dispersa se distribuye con uniformi-
dad por una matriz polimérica inerte. Corresponde
mencionar que en la préctica actual. muchos disposi-
tivos de difusién también se basan en cierto grado de
disolucién para determinar la velocidad de libera-
cién. Los sistemas que emplean disolucién se trata-
rdn luego en esta seccién.

Dispositivos de reservorio. La liberacion a partir
de un dispositivo de reservorio esti regida nor la pri-
mera ley de difusién de Fick:

J=-D dC,/dx (18)

donde J ¢s el flujo de droga a través de uni membra-
na en la direccién de la concentracion de-cendente
(cantidad/drea-tiempo), D es el coeficiente de difu-
sion de la droga en la membrana tirea/t :mpo) y
dC,/dx es el cambio de concentracién de la froga en
la membrana a lo largo de una distancia x. Si se asu-
me que la sustancia a cada lado de la membrana estd
en equilibrio con la respectiva capa superficial de és-
ta, como muestra la figura 94-6.% entonces la concen-
tracién que se encuentra inmediatamente den'ro de la
superficie de la membrana se puede relaci:ar con
aquella ubicada en la regién adyacente med- inte las
expresiones

K = C/n(())/Cl()b enx = () (]9)
K=C,/Chenx=1 (20)

donde K es el coeficiente de particion. Asumiendo
que D'y K son constantes. la ecuacién 18 puede ser
integrada para tener:

J = DKAC/I (21)

donde AC cs la diferencia de concentracion a través
de la membrana.

Si la actividad de la droga dentro del reservorio se
manticne constante y el valor de K es menor que 1, se
puede lograr una liberaci6n de orden cero. Esto suce-
de cuando la droga existe como un sélido: es decir, su
actividad es la unidad. La ecuacién que describe la Ii-
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SISTEMAS DE LIBERACION: SOSTENIDA DE DROGAS

beracién variard segin la forma del dispositivo. Sélo
presentaremos aqui la geometrfa més simple, que co-
mresponde a una placa rectangular o “emparedado”.
Para la geometria de la placa, la ecuacién que descri-
be la liberacién es:

dM,/dt = ADKAC/I (22)

donde M, es la masa de droga liberada después del
tiempo t, dM /dt es la velocidad de liberaci6n en es-
tado estable en el momento ¢, A es la superficie del
dispositivo, y D, K y I corresponden a las definicio-

s previas. Se pueden escribir ecuaciones similares
para dispositivos geométricos cilindricos o esféri-
cos. Con el fin de obtener una velocidad de libera-
cidn constante. se deben mantener constantes el
drea, la longitud del trayecto de difusién, la concen-
tracién y el coeficiente de difusién; es decir, todos
los términos de la derecha de la ecuacién 22. A me-
nudo. esto no sucede en la prictica real, porque uno
o mis de los términos anteriores se modificardn en cl
producto: por ende, se sucle observar una liberacién
de orden no cero.

Los métodos comunes para desarrollar dispositi-
vos tipo reservorio son la microencapsulacién de par-
ticulas y la cobertura a presién de los comprimidos
que contienen centros de droga. En la mayoria de los
casos. las particulas revestidas por microencapsula-
cién forman un sistema en el que la droga est4 conte-
nida en la pelicula de revestimiento, asi como en el

aro. Por lo general, la liberacién implica una com-
«inacion de disolucion y difusidn, en la que la prime-
ra es la que controla la velocidad de liberacién. Si se
elige de manera correcta el material de encapsula-
cion, la difusidn serd el proceso. controlador. Se ana-
lizard mejor la microencapsulacién en relacién con
los sistemas que emplean disolucién. Algunos mate-
riales utilizados como revestimiento de barrera de
membrana. solos o en combinacién, son gelatina en-
durecida, metil y etilcelulosa, polihidroximetacrilato,
hidroxipropilcelulosa, polivinilacetato y diversas ce-
ras. El cuadro 94-2 presenta ejemplos de algunos pro-
ductos comercializados que usan un reservorio de
droga encapsulado. Es probable que la liberacién a
partir de estos productos se base sobre todo en la di-
fusién. pero también puede haber disolucion.

Dispositivos de matriz. Higuchi describié la ve-
locidad! de liberacién de una droga dispersa como un
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Cuadro 94-2, Productos de difusion de reservorio

Producto Componente(s) activo(s) Fabricante
Plateau CAPS
cépsulas
Nico-400  Acido nicotinico Jones
Nitro-Bid Nitroglicerina Marion
Cerespan cdp-  Clorhidrato de papave- Rhone-Poulenc
sulas rina Rorer
Histaspan cdp-- Maleato de clorfenira-  Rhone-Poulenc
sulas mina, clorhidrato de Rorer
fenilefrina, nitrato de
_ metilescopolamina
Nitrospan c¢fip-  Nitroglicerina Rhone-Poulenc
sulas Rorer
Measurin com- Acido acetilsalicilico Sanofi-Winthrop
primidos
Bronkodyl S-R  Teofilina Sanofi-Winthrop
cépsulas

1. Durante la liberacién se mantienc un estado seudoesta-
ble.

2. La cantidad total de droga presente por unidad de volu-
men en la matriz, C,, ¢s sustancialmentc mayor que la
solubilidad de saturacién de la droga por unidad de vo-
lumen en la matriz C; es decir, hay exceso de soluto.

3. El medio de liberaci6n es una cubeta perfecta en 1odo
momento.

4. Las particulas de droga tienen un didmetro mucho mas

pequeiio que la distancia promedio de difusién.

El cocficiente de difusién se mantiene constante.

6. No hay interacci6n entre la droga y la matriz.

&

De acuerdo con la figura 94-7. el cambio en la can-
tidad de droga liberada por unidad de superficie, dM.
ante el cambio de espesor de la zona agotada. d¢h, es:

dM = Cydh - (C,12)dh (23)

donde C, y C, corresponden a las definiciones pre-
vias. Sin embargo, segin la primera ley de Fick:

dM = (D,C, /h)d: (24)
donde D,, es el coeficiente de difusién en la matriz.

Si se igualan las ecuaciones 23 y 24, se las resuelve
para i y se sustituye ese valor de /1 de nuevo en la for-
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Fig. 94-7. Representacion esquemdtica del modelo fisico empleado
para un dispositivo de difusién de una matriz de placa planar,

liberacién y D, es su coeficiente de difusién en el
mismo medio. En este sistema, la droga se filtra de la
matriz circulando por canales o poros.

Para el tratamiento de los datos, conviene reducir
.ds ecuaciones 25y 26 a

M=k (27)

donde & es una constante, de modo que un gréfico de
la cantidad de droga liberada versus la raiz cuadrada
del tiempo serd lineal si la liberacién a partir de la
matriz es controlada por la difusién. La velocidad de
liberacién desde un dispositivo de este tipo no es de
orden cero, porque disminuye con el tiempo pero,
como se menciond, esto puede ser clinicamente
equivalente a la liberacién constante para numerosas
drogas.

Los tres tipos principales de materiales utilizados

en la preparacién de dispositivos de mairiz son plas-
ficos insolubles;, polimeros Tidrofilos y compuestods

grasos. Las matrices nldsticas investigadas son meti-
17'?1Tﬁc;x_n’ethaJi‘l)ato, cloruro de polivinilo y po-

ileno. El comprimido Gradumet (Abbotr) es un
ejemplo-de una forma farmacéutica que emplea una
matriz pldstica. Los polimeros hidréfilos son metilce-
lulosa, hidroxipropilmetilcelulosa, carboximetilcelu-
losa sédica y carbopol 934. Los compuestos grasos
comprenden diversas ceras como la de carnauba y
triestereato de glicerilo. Un ejemplo de una forma
farmacéutica que utiliza una matriz de cera es el
comprimido Lontab (Ciba).

El método m4s comin de preparacién consiste en
mezclar la droga con el material de i WAz v des-
pués unir la mezcla en comprimidos. En el caso de
matrices de cera, la droga se suele dispersar en cera
fundida, que después se congela y se comprime en
centros. En todo sistema de liberacién sostenida es

necesario que una parte de la droga esté disponible de
inmediato como dosis de ataque, y que el resto se li-
a3 P - o G g
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to se consigue al colocar la dosis de ataque en una ca-
pa de la unidad. La capa se puede aplicar por cober-
tura a presién o en una pala convencional, o median-
te suspensién aérea. El cuadro 94-3 enumera algunos

productos de difusién en matriz existentes en el mer-
cado.

Sistemas de disolucion

Como se mencioné en este capitulo, una droga
con una velocidad de disolucién lenta determina de
por si un nivel sanguineo sostenido. En principio, se-
ria posible entonces preparar este tipo de productos
disminuyendo la velocidad de disolucién de drogas
muy hidrosolubles. Esto se puede lograr con una sal
0 un derivado apropiado, al cubrir la droga con un
material que se disuelva con lentitud o al incorporar-
la en un comprimido con un vehiculo que tarde en di-
solverse. En condiciones ideales. la superficie dispo-
nible para la disolucién debe permanecer constante
para obtener una velocidad de liberacién constante.
Sin embargo, esto es dificil de lograr en la préctica.

Se puede considerar que el proceso de disolucién
es controlado por la capa de difusién, donde la tasa
de difusién a partir de la superficie s6lida hacia 1a so-
lucién a granel a través de una pelicula liquida no
agitada es el paso que determina la velocidad. En es-
te caso, el proceso de disolucién en estado estable se
cumple segiin la ecuacién de Noyes-Whitney:

dC/dt = kpA(C, - C) = (D/W)A(C, - C)  (28)

donde dC/dt es la velocidad de disolucion, kj es la
constante de velocidad de disolucién. A es la superfi-
cie total, C, es la solubilidad de saturacién del s6lido
y C es la concentracién del soluto en lu solucién a
granel. La constante de disolucién k,, es i cual al coe-
ficiente de difusién D dividido por el espesor de 1a
capa de difusi6n /. Esta ecuacién predice una veloci-
dad de disolucién constante si la superficie, el coefi-
ciente de difusi6n, el espesor de la capa de difusién y

Cuadro 94-3. Productos de difusion de matriz

Producto Componente(s) activo(s) Fabricante
Gradumet com- Abbott
primidos
Desoxyn Metanfetamina HC|
Fero-Gradumet ~— Sulfato ferroso
Fero-Grad-500 Sulfato ferroso, ascor-
bato de sodio
Tral Metilsulfato de hexoci-
clium
Lontab comprimidos Ciba
PBZ-SR Tripelenamina HCI
Procan SR com- Procainamida HC| Parke-Davis
primidos

Choledyl SA com- Oxtrifilina Parke-Davis

i

[l o = T o VR o WP TN 7- N o W -4

=

OO0 2T O e oK O



Juc¢ en una ca-
:ar por cober-
1l 0 median-
mera algunos
tes en el mer-

0. una droga
determina de
principio, se-
de productos
in de drogas
rcon una sal
Iroga con un
| incorporar-
¢ tarde e di-
rficie . o-
er constante
'n constante.
la pr. "
2 1501w 16N
onde la tasa
- hacia la so-
. Hiquida no
wdad. En es-

estable se
eV

-C) (28)

Sn. ky es la
s la superfi-
n del sélido
: solucién a
gual al coe-
pesor de la
una veloci-
ie. el coefi-
2 difust  y

N

Fabricante

———

Abbott

‘tha
arke-Davis

wrhe-Davis

SISTEMAS DE LIBERACION SOSTENIDA DE DROGAS 2547

la diferencia de concentracién se mantienen constan-
tes. Sin embargo, a medida que prosigue la disolu-
ci6n, todos estos parametros se pueden modificar, so-
bre todo la superficie. En el caso de particulas esféri-
cas, el cambio de superficie se puede relacionar con
el peso de la particula y, asumiendo condiciones de
sumersién. la ecuacién 28 se transforma en la raiz cd-
bica de la ecuaci6n de disolucién:

wy'B = w!B = ky't (29)

donde 4, es la raiz cibica de la constante de veloci-
dad de disolucidn, y wy, y w son el peso inicial y que
se mantiene en ¢l tiempo ¢, respectivamente.

La figura 94-8 muestra dos formulaciones comu-
nes que dependen de la disolucién para determinar la
velocidad de liberacién. La mayor parte de los pro-
ductos cacn dentro de dos categorias: sistemas de di-
solucién encapsulados y sistemas de disolucién de
matriz.

Los sistemas de disolucién encapsulados se pue-
den preparar cubriendo_particulas o grénulos de la
dioga con polimeros de diverso espesor que se di-
suelven con lentitud, o por microencapsulacién. Esta
dltima se puede efectuar por métodos de separacién
de fase. polimerizacién de la interfase, fusién por ca-
lor 0 evaporacién del solvente. Los materiales de re-
vestimicnto pueden ser seleccionados de una amplia
variedad de polimeros sintéticos y naturales, lo que
depende de la droga que se va a cubrir y de las carac-
teristicas de liberacion deseadas. Los materiales de
cobertura utilizados con mds frecuencia son gelatina,
cera de carnauba, facas, etilcelulosa, ftalato acetato
de celulosa o butirato acetato de celulosa. La libera-
cién de la droga de las microcipsulas es un fenéme-
no de transporte en masa, y puede ser controlado
ajustando el tamafio de las microcdpsulas, el espesor
de los materiales de cobertura y la capacidad de difu-
sion de los materiales del centro. El espesor del re-
vestimiento de las microcdpsulas es, en general, muy
delgado. y para una relacién cobertura-centro dada,
disminuye con rapidez a medida que se reduce el ta-
mafio de la microcdpsula. El espesor se puede variar
desde menos de | pm a 200 pm modificando la can-
tidad de material de cobertura del 3 al 30% del peso
total. Si sélo s¢ emplean unos pocos espesores dife-
rentes, por lo general tres o cuatro, las drogas serdn
liberadas en distintos momentos predeterminados pa-
ra lograr un efecto de liberacidn retardada; es decir,
de accidn repetida. Si se utiliza un espectro de espe-
sores diferentes, es posible obtener un nivel de la dro-
ga en sangre mds uniforme. Las microcdpsulas se
suelen colocar en cdpsulas, rara vez se las formula en
comprimidos. dado que las coberturas tienden a rom-
perse durante lu compresién. El cuadro 94-4 presen-
ta una enumeracion parcial de productos de libera-
cién sostenida existentes en el mercado que depen-
den fundamentalmente de la disolucién encapsulada.

Los dispositivos de disolucién de matriz se prepa-
ran al comprimir la droga en un vehiculo polimérico

Membrana
de polimero Matriz
droga-polimero

B

Fig. 94-8. Representacién esquemitica de sistemas que utilizan di-
soluci6n. A. Formulacién encapsulada en la que 1a fiberacién de la
droga depende del espesor y de la velocidad de disolucién de la
membrana de polimero. B, Formulacién de matriz en la que la libe-
racién de la droga estd determinada por la velocidad de disolucién
del polimero.

de disolucién lenta para formar un comprimido. Hay
dos métodos generales para prepurar particulas de
droga-cera: de congelacién y de dispersién acuosa.
En el primero. la sustancia se mezcly con un material
céreo y se congela por rocio, o se lo congela y se lo
tamiza. En el segundo, la mezcla droga-cera simple-
mente es rociada o colocada en agua. y se recogen las
particulas resultantes. Los comprimidos de matriz
también se preparan por compresion directa de una
mezcla de droga, polimero y excipicntes. El cuadro
94-5 presenta ejemplos de productos comercializados
que dependen sobre todo de disolucidn de la matriz.

Sistemas osmaticos

La presién osmética se puede emplear como fuer-
za propulsora para generar una liberacién constante.
siempre que se mantenga una presién osmética cons-
tante, y que se limiten algunas otras caracteristicas
del sistema fisico. Consideremos un comprimido for-
mado por un centro de droga osmdticamente activa,
o un centro de una droga sin actividad osmética.
combinada con una sal osméticamente activa rodea-
da de una membrana semipermeablc con un pequeiio

Cuadro 94-4. Productos de disolucién encapsu-
lados

Producto Componente(s) activo(s) Fabricante

Spansule cdpsulas SmithKline

Dexedrine Sulfato de dextroanteta- Beecham
mina
Hispril Difenilpiralina HCI
Ornade Fenilpropanolamina HCI,
malcato de clorfenira-
mina
Thorazine Clorpromazina HCI
Contac cépsulas  Fenilpropanclamina HClL, SmithKline
maleato de clorfenira- Beecham
mina
Sequel cipsulas Lederle
Artane Trihexifenidil HCI
Diamox Acetazolamida

Ferro-sequels Fumarato ferroso, docu-
sato sédico
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Cuadro 94-3. Productos de disolucion de matriz

Producto Componente(s) activo(s) Fabricante

Extentab compri- Robins
midos
Dimetane Maleato de bromfenira-
mina
Dimetapp Maleato de bromfenira-
mina, fenilpropanola-
mina HCl
Donnatal Fenobarbital, sulfato de
hiosciamina, sulfato dc
atropina, brombhidrato
de escopolamina
Quinidex Sulfato de quinidina
Timespan compri- . Roche
midos
Mestinon Bromuro de piridostig-
mina
Dospan compri- Lakeside
midos
Tenuate Dietilpropion HCI
Chronotab com- Schering
primidos
Disophral Maleato de dexbromieni-
ramina, sulfato de seu-
doetedrina
Tempule cdpsulas Rhone-Pou-
) lenc Rorer
Nicobid Acido nicotinico
Pentritol Tetranitrato de pentaeri-
tritol
Repetab compri- Schering
midos
Chlor-trimeton  Maleato de clorfeniraming
Demazin Maleato de clorfenirami-
na, fenilefrina HCI
Polaramine Maleato de dexclorfeni-
ramina
Trilafon Perfenazina

orificio, como muestra la figura 94-9. La membrana
permitird lu libre difusion de agua, pero no de droga.
Cuando el comprimido es expuesto al agua o a cual-
quier liquido orgdnico. ingresar4 agua en €l debido a
la diferencia de presién osmética: el volumen del flu-
Jo. dV/di. hacia el comprimido es:

dV/dt = (kKA AR - AP) (30)

Orificio de suministro
osmético

Centro osmético
que contiene
la droga

Membrana
semipermeable

Fig. 94-9. Representacion esquemitica de un comprimido osmati-
¢o. (Reproducido con autorizacion. )

donde k, A y h corresponden a la permeabilidad, la
superficie y el espesor de la membrana, respectiva-
mente, A es la diferencia de presion osmética y AP
es la diferencia de presi6n hidrostdtica. Si el orificio
es bastante grande, la diferencia de presién hidrostd-
tica serd pequeiia respecto de la de presi6n osmoticy,
y la ecuacién 30 se convierte en:

dv/dt = (kA/h)An (&1))

Asi, la magnitud del flujo de agua hacia el compri-
mido est4 determinada por la permeabilidad, la super-
ficie y el espesor de la membrana. La droga serd bom-
beada hacia el exterior del comprimido a través del
orificio con una velocidad controlada, dM/dt, igual a
la velocidad del flujo de agua hacia el comprimido
multiplicada por la concentracién de la droga, C.:

dM/d: = (dV/di)C, (32)

La velocidad de liberacién serd constante hasta
que la concentracién de la droga dentro del compri-
mido caiga por debajo del punto de saturacién.

Sc desarrollaron varias modificaciones del siste-
ma de suministro de drogas controlado por presidn,
Se puede aplicar una capa de polimero erosionable a
la superficie externa de la membrana semipermea-
ble. Otro sistema consiste en dos compartimientos
separados por una particién mévil, como ilustra I
figura 94-10. En los sistemas que no ticnen un orifi-
cio, a medida que ingresa liquido GI, aumenta la pre-
sién hidrdulica dentro de ellos hasta que la pared se
rompe y el contenido se libera al medio.

La ventaja del sistema osmético cs que sélo re-
quiere la acci6n de la presién osmética para ser efec-
tivo y es, en esencia, independiente del ambiente. La
velocidad de liberacidn se puede predeterminar con
precision mds alld del cambio de pH a través del trac-
to GI. Algunos materiales wtilizados como membra-
na semipermeable son alcohol polivinilico, poliureta-
no, acetato de celulosa, etilcelulosa y cloruro de po-
livinilo. Las drogas que demostraron velocidad de Ii-

beraci6n efectiva in vivo a partir de un sistema osmg-

de droga

/Oriﬁcio para suministro

Resrvorio
de lroga

LLLLT 77777

Comiartimiento
osmétic y1mente active

Cobertura que mantiene
la forma (semipermeable)

Fig. 94-10. Sistema de suministro dv drogat ontrolada por pre-
sidn osméticu con dos compartimientos sepacados por uni por-
cidn movil, "
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tico después de la dosificacién oral son el cloruro de
potasio y la acetazolamida.

Resinas de intercambio iénico

Las resinas de intercambio i6nico son polimeros
con enlaces cruzados insolubles en agua que contie-
nen grupos formadores de sal en posiciones repetidas
en la cadena del polimero. La droga se une a la resi-
na por exposicion reiterada de ésta a aquélla en una
columna cromatogrifica, 0 por contacto prolongado
de la resina con la soluci6n de la droga. Después, la
droga-resina se lava para eliminar los iones contami-
nantes y se seca pura formar particulas o glébulos. La
liberacion a partir Jel complejo droga-resina depende
del ambiente idnicv: es decir, del pH y de la concen-
wracién de electrdlitos dentro del tracto GI, asi como
de las propiedades de fa resina.

[ as moléculas de la droga fijadas a la resina se li-
perin por intercambio con iones del tracto Gl con la
carga apropiada, como muestra la figura 94-11, se-
guido de difusién de la molécula de droga libre hacia
el exterior de la resina. La velocidad de difusion se
controla por la superficie y la distancia de difusién, y
la cantidad de enlaces cruzados en la resina. Se pue-
de modificar la velocidad de liberacién si se reviste el
complejo droga-resina. Una mejoria adicional de es-
te modelo de suministro de intercambio iénico se de-
nomina sistema Penn Kinetic. En este caso, los gré-
nulos de resina que contienen droga son tratados pri-
mero con un polimero impregnante como PEG 4000
para retardar la libcracién de tumefaccidn en agua y
se los cubre adeinds con un polimero insoluble en
agua, como etilcelulosa, para que actie como barrera
limitante de la velocidad con el fin de controlar la li-
beracién.

En la actualidud, la mayor parte de las resinas de
intercambio i6nicu empleadas en productos de libera-
cién sostenida contienen grupos de 4cido sulf6nico
que intercambian drogas catiénicas, como las que tie-
nen funcién amina. El cuadro 94-6 brinda algunos
ejemplos como anfetamina, fenil t-butilamina (fen-
termina), feniltoloxamina e hidrocodona.

Prodll'ogas

Una prodroga cs un compuesto formado por mo-
dificacién quimica de otro biolégicamente activo que
serd liberado in vivo por degradacién enzimdtica o
hidrolitica. La finalidad principal del empleo de una
prodroga para la administracién oral es aumentar la
absorci6n intestinal o reducir los efectos colaterales
locales, como la irritacién GI que provoca la aspiri-
na. Sobre esta base, en general, una prodroga no se
clasifica como una forma farmacéutica de liberacién
sostenida. Sin embargo, la capacidad de modificar de
manera biorreversible las propiedades fisicoquimicas
de una droga mejora las propiedades de transporte in-
testinal y, por ende, influye sobre el perfil del nivel

Agua
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Fig. 94-11. Esquema de liberacién de una droga a partir de una re-
sina de intcrcambio i6nico.

sanguineo de la sustancia en funcién del tiempo. Asf.
se puede recurrir a prodrogas para favorecer ks estra-
tegias de liberacién sostenida y, en un sentido limita-
do, la liberacién puede ser sostenida “por derecho
propio”.

Como ejemplo del uso de una prodroga como me-
canistmo de liberacion sostenida, consideremos uni
hidrosoluble que se modifica para convertirla en una
prodroga insoluble en agua. La prodroga tendrd una
velocidad de disoluci6n mds lenta en un medio acuo-
so que la droga madre y, por ende, se lentiticard su
aparicién en plasma. Esto se observa en el caso dela
teofilina y de su prodroga 7,7"-succinilditeofilina. De
manera alternativa, se puede hacer que una prodroga
hidrosoluble de una droga madre insoluble en agua se
convierta en un sustrato de las enzimas del ribete en
cepillo de las microvellosidades. La prodroga hidro-
soluble forma un complejo con la enzima inmediata-
mente antes de alcanzar la superficie de la membra-
na, es metabolizada y aumenta su coeficientc de par-
ticién membrana/agua. Esto determina un aumento
del nivel sanguineo de la droga. Véase capitulo 28.

Formas farmacéuticas parenterales

Los tipos més comunes de formas farmacéuticas
para farmacoterapia de liberacién sostenida paren-
teral son las inyecciones intramusculares (IM), los
implantes para tejidos subcutdneos y diversas cavi-
dades corporales, y los dispositivos transdérmicos.
Debido a las limitaciones fisiolégicas y anutémicas,
muchas de las otras vias parenterales de administra-
cién; por ej., intravenosa, intraarterial, intratecal e

Cuadro 94-6. Productos de intercambio idnico

e i €W

Producto Componente(s) activo(s) Fubricante

Biphetamine cdp-  Anfetamina, dextroanfe- Pennwalt
sulas tamina
Tussionex cdpsu- Hidrocodona, clorfenira- Pennwalt

las, comprimi- mina
dos, suspensién
Tonamin cdpsulas Fentermina Pennwalt
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Como resultado del examen de patentabilidad de la solicitud de patente de
invencion, realizado segun lo establece el articulo 45 de la Decision 486 de la
Comision de la Comunidad Andina, se notifica el siguiente concepto técnico:

1. Documentos estudiados

Para el presente estudio se tuvieron en cuenta el nuevo capitulo descriptivo

comprendido en los folios 7 a 20 y el capitulo reivindicatorio de los folios 21 a 23
de la solicitud en estudio.

2. Objeto de la Invencion

El objeto de la presente solicitud de patente de invencion consiste en:

Las reivindicaciones 1 a 20 se refieren a una composicion oral (en capsula o
tableta) de liberacidon controlada de al menos un analgésico (opioide:
hidromorfona, oxicodona, morfina, levorfanol, metadona, dihidrocodeina,
fentanil, codeina, dihidromorfina, petidina, piritramida, buprenorfina, tilidina 6
tramadol) caracterizada porque esta constituida por microtabletas de menos de
3 mm donde el analgésico esta uniformemente distribuido en una matriz
retardante (de un polimero como EC, HPMC, HPC, HMC, glicéridos de acidos
grasos; una cera , aceite, grasa, acido graso, alcohol graso ¢ éster), las

microtabletas estan recubiertas (con cera o resinas acrilicas de polimero de
poliacrilato, polimetacrilato, alquilcelulosa ¢ EC).

!
El problema planteado en esta solicitud es la necesidad de proporcionar un
medicamento que contiene un analgésico que permite dosificacion individual.

Para resolver este problema técnico la solicitud en estudio proporciona una
composicion oral con liberacion controlada de al menos un analgésico,
consistente en una microtableta d& menos de 3mm de diametro.

El objeto de la invencion definido anteriormente se clasificé de acuerdo con la
IPC: A61K 9/22.
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También se reivindica prioridad de la Solicitud de Patente de Alemania No
19901683.6 del 18 de enero de 1999, con respecto a la cual la fecha de

presentacion de la actual solicitud cumple el plazo maximo permitido.

3. Unidad de Invencion

El Art 25 de la D 486 estable que “a solicitud de patente solo podra comprende

.
una invencion o un grupo de invenciones relacionadas entre si, de manera qu
conformen un tnico concepto inventivo”,

Se observa que el objeto de la reivindicacion 18 menciona que las
microtabletas pueden ser extraidas con una unidad dosificadora, lo cual no
o :

aracteriza. a la composicién y no mantiene el principio de la unidad de
invencion. Debe hacerse la correccién necesaria.

4. Claridad de la Solicitud

§

i
La descripcion divulga la invencion de manera suficientemente claray completa |
para su comprension, tal como lo establece el Art 28 de la decision 486 de la ﬂl
Comision Andina. Menciona el sector tecnoldgico al que pertenece, los

antecedentes de la técnica, la divulgacién del problema técnico, la solucion
propuesta y la ventaja frente a la tecnologia anterior.

Pero en cuanto a la reivindicacién 20, se observa que no se puede caracterizar

una composicidn por el efecto o resultado a alcanzar, como lo es el tiempo de } ‘ |
liberacion del principio activo. Debe hacerse la correccion necesaria

5. Determinacion del Estado de la Técnica

establece que “El estado de la técnica comprendera todo lo que haya sido

}
El articulo 16 de la decision 486 de la comision de la Comunidad Andina que |
accesible al publico por una descripcion escrita u oral |

., utilizacion,
comercializacion o cualquier otro medio antes de Ja fecha de presentacion de la
solicitud de patente o, en su caso, de la prioridad reconocida.

dentro del estado de la técnica, el contenido de una solicitud de patente en
tramite ante la oficina nacional competente, cuya fecha de presentacion o de
prioridad fuese anterior a la fecha de presentacion o de prioridad de la solicitud
de patente que se estuviese examinando, siempre que dicho contenido esté

incluido en la solicitud de fecha anterior cuando ella se publique o hubiese
transcurrido el plazo previsto en el articulo 40”,

|

|

f

?

Solo para el efecto de la determinacion de la novedad, también se considerara ‘,
i

i

|

i

!
Considerando que la fecha de presentacion de la primera solicitud de patente g *
de la cual se reivindica prioridad es 18 de enero de 1999, se consultaron las ;
bases de datos y los archivos con que cuenta la entidad con fecha de

publicacion anterior y se encontraron los siguientes documentos que anticipan
el objeto de esta solicitud:

No. Documento Titulo Fecha de Publicacion
D1 EP 0548 448

Jun 30, 1993

Sustrato de liberaciéon controlada
estabilizado que tiene una cubierta
derivada de una dispersion acuosa |
de polimero hidrofébico

Formulaciones de liberacién | Dic 28, 1994

D2 EP 0 630 646




controlada con  dispersiones
acuosas de etilcelulosa
D3 US 5 645 858 Formas de dosis farmacéuticas de | Jul 8, 1997
liberacién controlada multicapa
D4 US 5502 078 Compuestos Quimicos Mar 26, 1996
D5 Libro (*) Remington Farmacia 1995

(*) GENNARO, Alfonso R. “Remington Farmacia”. 19 ava. ed. Editorial Médica Panamericana.
6. Evaluacion de los requisitos de Patentabilidad

El articulo 14 de la Decision 486 de la Comisién de la Comunidad Andina
establece que “Los Paises Miembros otorgaran patentes para las invenciones,
sean de producto o de procedimiento, en todos los campos de la tecnologia,

siempre que sean nuevas, tengan nivel inventivo y sean susceptibles de
aplicacion industrial”.

En cumplimiento del articulo 14 de la Decisién 486, se procedi6 a evaluar el
cumplimiento de los requisitos de novedad, nivel inventivo y aplicacion

industrial, con el fin de establecer la patentabilidad de la invencion reivindicada
en la solicitud en estudio.

Evaluacion del Nivel Inventivo

El articulo 18 de la Decision 486 de la Comision de la Comunidad Andina
establece que Se consideraré que una invencioén tiene nivel inventivo, si para
una persona del oficio normalmente versada en la materia técnica
correspondiente, esa invenciéon no hubiese resultado obvia ni se hubiese
derivado de manera evidente del estado de Ia técnica.

Las reivindicaciones 1 a 20 se refieren a una composicién oral (en capsula o
tableta) de liberacion controlada de al menos un analgésico (opioide:
hidromorfona, oxicodona, morfina, levorfanol, metadona, dihidrocodeina,
fentanil, codeina, dihidromorfina, petidina, piritramida, buprenorfina, tilidina 6
tramadol) caracterizada porque esta constituida por microtabletas de menos de
3 mm donde el analgésico esta uniformemente distribuido en una matriz
retardante (de un polimero como EC, HPMC, HPC, HMC, glicéridos de acidos
grasos; una cera , aceite, grasa, acido graso, alcohol graso ¢ éster), las
microtabletas estan recubiertas (con cera o resinas acrilicas de polimero de
poliacrilato, polimetacrilato, alquilcelulosa 6 EC).
D1 ensefia formas de dosis de liberacion controlada como capsulas, tabletas,
supositorios, esferoides, microesferas recubiertas con polimeros como
derivados de celulosa, resinas acrilicas, ceras, alcoholes alifaticos superiores y
acidos polilactico y poliglicolico. El principio activo puede ser analgésico como
aspirina, codeina, morfina, dihidromorfona, oxicodona, etc. Los microgranulos
recubiertos se colocan dentro de una capsula o una tableta (ver pag 21).

D2 ensena formas de dosis de liberacion controlada como capsulas, tabletas,
supositorios, esferoides, microesferas recubiertas con polimeros como
derivados de celulosa, resinas acrilicas, ceras, alcoholes alifaticos superiores y
acidos polilactico y poliglicolico, HPMC, PVP, PEO (ver folio 94). El principio
activo puede ser analgésico como aspirina, codeina, morfina, dihidromorfona,
oxicodona, hidromorfona, levorfanol, metadona, meperidina, dihidrocodeina,
heroina, buprenorfina, tramadol, etc. (ver folios 95, 98). Los microgranulos
recubiertos se colocan dentro de una capsula o una tableta (ver folio 100)
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D3 ensena una forma de dosificacion de liberacion controlada. Las particulas
estan recubiertas con peliculas de HPMC y plastificante PEG. Agrega (columna
5) que los pellets de liberacion controlada prefertiblemente se proveenenuna
capsula de gelatina dura 6 cualquier otra forma de dosis oral apropiada tal como
una matriz que comprende los pellets aglomerados con un aglutinante
apropiado y compatible para formar una forma de dosis sdélida unitaria. '
D4 ensefia composiciones para terapia simultanea o secuencial de dos 0 mas
ingredientes activos como agentes hipoglicémicos tales como suifomlureas
biguanidinas y tiazolidindionas. Pueden ser formuladas para administracion oral
en una composicion de liberacion sostenida (o retardada), por ej.una
formulacion en tableta de matriz que contiene un relleno polimérico msoluple o
hinchable o una formulacion esferoide recubierta. (ver columna 3). 5‘ ‘
D5 ensefia que los productos se pueden recubrir con una pelicula bara
modificar la liberacion de la droga. Aclara que los productos de Ilberamon ‘
prolongada tienen por objeto extender la liberacién de la droga durante un
periodo, resultado que se puede alcanzar al aplicar una cubierta con pellcula de
/ liberacion sostenida o controlada. Las ventajas son alcanzar pronto el efecto ‘
S deseado y mantenerlo por un tiempo prolongado, disminucién de efectos
colaterales y minimizar la acumulacion del agente en tejidos durante! el
tratamiento y reducir las fluctuaciones de los niveles sanguineos.

E
|

| .
Se observa que lo ensefiado las anterioridades es: D1: formas de dosis de i
liberacion controlada como, esferoides, microesferas recubiertas con polimeros
donde el principio activo puede ser analgésico opioide y los microgranulos :
recubiertos se colocan dentro de una capsula o una tableta; D2: formas de '
dosis de liberacién controlada como esferoides, microesferas recubiertas con
polimeros donde el principio activo puede ser analgésico opioide v los
microgranulos recubiertos se colocan dentro de una capsula o una tableta; D3
una forma de dosificacion de liberacion controlada y las particulas estan
recubiertas para liberacion controlada, se proveen en capsula 6 una matriz; D4
composiciones para terapia simultanea o secuencial de dos o mas mgredlenteS\
activos para administracion oral en una composicion de liberacion sostenida (ox
retardada), por ej. una formulacion en tableta de matriz o una formulamon‘
esferoide recubierta; y D5: los productos de liberacion prolongada se logran al |
aplicar una cubierta con pelicula de liberacién sostenida o controlada, y las
ventajas son alcanzar pronto el efecto deseado, mantenerlo por un tiempo :
prolongado, disminucién de efectos colaterales, minimizar la acumulacion del }
agente en tejidos durante el tratamiento y reducir las fluctuaciones de los '
niveles sanguineos. Se observa que la combinacién de tan solo dos de estas ,
anterioridades sugiere la composicion oral, en capsula o tableta, de liberacion
controlada de al menos un analgésico opioide caracterizada porque esta |
constituida por microtabletas donde el analgésico estd uniformemente \
distribuido en una matriz retardante y estan recubiertas que es objeto de esta |
solicitud. Las reivindicaciones no mencionan una caracteristica que conceda un “

efecto diferente o especial a la composicion, asi que esta es obvia y evidente :
para una persona versada en la materia. De manera que no tienen nivel |
inventivo.

!
{
1
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7. Conclusion

i
En conclusion, los requisitos de patentabilidad de la presente solicitud estan i
afectados asi:

| ltem [ Documento | Reivindicaciones | Requisito que afecta ]




afectadas
D1 EP 0 548 448 1a20 Nivel Inventivo
D2 EP 0 630 646 1a20 Nivel inventivo
D3 US 5 645 858 1a20 Nivel inventivo
D4 US 5502078 1a20 Nivel inventivo
D5 Libro (%) 1220 Nivel inventivo

En cumplimiento del articulo 45 de la Decisién 486 de la Comision de la ,
Comunidad Andina, se le indica que debe dar respuesta dentro del término de
sesenta dias contados a partir de la fecha de la notificacién de la presente
comunicacion. En caso de no dar respuesta al presente requerimiento o si a

pesar de la respuesta subsistieran los impedimentos para la concesion, se
denegara la patente.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal
e), del capitulo quinto del titulo primero de la Circular Unica No. 10 de 2001.

ALIX CARMENZA CESPEDES DE VERGEL
Jefe de la Pivision de Nuevas Creaciones.
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El anterior requerimiento fue notificado por fijacion en lista, de fecha

2 4 FEB, 2005
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