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LAURA MICHELSEN NINO, mayor y vecina de esta ciudad, identificada como
aparece al pie de mi firma, actuando como apoderada de la sociedad SCOLR PHARMA,
INC., sociedad constituida y existente de conformidad con las leyes de los Estados Unidos
de América, con domicilio en la ciudad de Washington, Estados Unidos de América,
procedo a dar repuesta al oficio No. 2113 notificado por fijacién en lista el veinte (20) de
febrero de dos mil nueve (2009), dando contestacién a la oposicién presentada por la
.\ sociedad PROCAPS S.A., en contra de la solicitud de registro de patente de 1a referencia:

1. PATENTABILIDAD DE LA SOLICITUD

1.1  En el escrito de oposicion, se expone que la presente solicitud carece de altura
inventiva con base en los documentos D1:US6548083 y D2:US5100675.

1.2 Ahora bien, el articulo 14 de la Decisién 486 de la CAN consagra lo siguiente: “Los
paises miembros otorgardn patentes para las invenciones, sean de producto o
procedimiento, en todos los campos de la tecnologia, siempre que sean nuevas,
tengan nivel inventivo y sean susceptibles de aplicacion industrial”. Asi las cosas,
las invenciones objeto de patente deben ser nuevas y tener nivel inventivo.

1.3 El opositor se refiere a que la materia descrita en la anterioridad D1, el activo puede .
comprender ibuprofeno, tal como se indica en la columna 18, linea 56. Ademas,
indica que la anterioridad D1 define que la forma comprende una matriz polimérica

o en la que el activo es dispersado o disuelto, que ademds comprende un polimero

. soluble en agua y un polimero insoluble y opcionalmente excipientes no

poliméricos con un peso molecular de menos de 10,000 gramos por Mol, y donde

los medios de adicién para retardar su entrega comprende una banda de material

insoluble al agua.

Como tal diferimos categéricamente, dado que la intencién de la presente solicitud
no es proteger el ibuprofeno como tal, sino una forma oral farmacéutica sélida para
la administracién oral modificada de ibuprofeno donde la tableta tiene una bi-
funcionalidad de liberacién inmediata de ibuprofeno dentro de las 2 horas seguido
por la una liberacién constante relativa de ibuprofeno por 8 horas, por lo que se
puede expresar como una dosis de ibuprofeno de liberacion inmediata-extendida.
Por lo mismo, la materia alli expuesta por el opositor no es comparable con la
“presente.

Efectivamente, la anterioridad D1 expuesta por el opositor se refiere es a una
composicién que tiene una matriz polimérica que se disuelve en contacto con los
fluidos géstricos. Segun dicha anterioridad D1, la matriz polimérica puede incluir .
HPMC y MCC, sin embargo hay una “banda” alrededor de la matriz polimérica del
material insoluble al agua. Contrario a ello, la presente solicitud reivindica es una
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forma farmacéutica que comprende HPMC, MCC y un aditivo de formulacién inerte
que estd disperso en el polimero, como diferencia fundamental.

Son tan diferentes las formas farmacéuticas alli comparadas, que la forma de
dosificacion ilustrada en la anterioridad D1 se refiere es a una forma de liberacion
s6lo extendida constante, y no como una combinaciéon de liberacion inmediata-
extendida, tal como la ilustrada en la presente solicitud.

Por ello, la presente solicitud no puede ser comparable con este documento D1, ya
que los problemas a solucionar son distintos y por lo tanto, son formas

- farmacéuticas distintas, y nunca seria obvio el llegar de manera evidente a la

formulacién aqui descrita a partir de una propuesta que intenta solucionar una
condicién diferente, la liberacién sélo extendida constante respecto a la liberacion

——inmediata-extendida de la presente solicitud.

Por ofra parte, el opositor hace referencia al documento D2. Respecto a esta
anterioridad D2, el opositor define que alli se revela una composicion que
comprende celulosa microcristalina, lactosa, estereato de magnesio y 4cido estearico
entre otros, para establecer una liberacién sélo extendida controlada de un activo tal
como ibuprofeno que incluye un polimero con medios que comprende celulosa
microcristalina, silice, estearato de magnesio, 4cido esteérico, lactosa, almidén pre-
gelatinizado, fosfato dicélcico o una combinacién de cualquiera de los mismos,
donde la forma farmacéutica de D2 estd desarrollada para retrasar o retardar su
liberacion. Notese, que el mismo opositor hace referencia en su escrito a que la
anterioridad D2 se refiere es a una dosis desarrollada para retrasar o retardar su
liberacion, diferente a la presente que se refiere es a una forma de liberacién

inmediata-extendida, por ello la presente solicitud se titula y: relvmdlca es una forma

farmacéutica de ibuprofeno de llberamén modlﬁcada

Dicha anterioridad D2, tampoco es comparable con la presente solicitud. Por su
lado, D2 se refiere es a una forma de dosificacién que comprende ibuprofeno, una
cantidad efectiva de un antihistaminico de loratadina y una cantidad efectiva de un
descongestionante tal como pseudoeferdrina. Segln esta anterioridad D2, la tableta
comprende un nicleo y una cubierta donde el nicleo puede comprender ibuprofeno,
HPMC y MCC, y donde la cubierta comprende en los tres ejemplos expuestos en
D2 un activo de loratadina y HPMC/PEG. -

Esta anterioridad D2 difiere a tal punto de la presente solicitud, al igual que D1, que
revela es una forma farmacéutica de dosis de liberaciéon sélo extendida, no de
inmediata-extendida liberacion como si lo hace la presente solicitud, y no puede
tampoco ser el objeto comparable o deducible dado que D2 se refiere es una tableta
con un nicleo y una cubierta, mientras que la presente invencién se refiere es a una
tableta de composicién uniformemente dispersable.

Por consiguiente, un primer objeto de la presente invencién es proporcionar una
forma farmacéutica de dosis de liberacion modificada, que comprende una tableta

___uniformemente dispersable adecuada para liberacién de la dosis de ibuprofeno en

1.6

proporciones, de manera inmediata inicialmente para proveer después una dosis de
liberacién extendida. Por ello, ninguna de las anterioridades expuestas puede ser
comparable con la presente, pues no proponen una solucioén similar.

Por lo tanto, atentamente solicito a usted que se sirva declarar fundada la presente
contestacién y continuar con el proceso de registro de la Patente de invencién

o
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denominada ~“FORMA FARMACEUTICA DE IBUPROFENO DE
LIBERACION MODIFICADA”,

2. FUNDAMENTO DE DERECHO
Fundamento esta remisién en las normas legales siguientes:
2.1  Numeral 1 del articulo 586 del Codigo de Comercio.
2.2 Articulo 43 de la Decision 486 de la Comision del Acuerdo de Cartagena.
2.3 Enlas demés normas concordantes. -

3. PODER

El Poder que nos faculta para actuar en representacién de la sociedad SCOLR PHARMA,
INC. obra ya en el expediente.

4. NOTIFICACIONES

Para efectos de notificaciones que por disposicion del articulo 50 del Decreto 01 de 1984
debe hacer su Despacho, informo que mi representada y la suscrita recibiremos
notificaciones en la Secretaria de su Despacho o en mis oficinas de abogado situadas en la
Calle 93B No. 12- 48 piso 4, de la ciudad de Bogota D.C.

De la Sefiora Jefe,
LAURA MICHELSEN NINO
C.C. No. 39.783.287 de Usaquén
T.P.A. 67.897 del C.S.dela .
SCOLR/RESP-procaps/AML

COLO 2186 0301 30846
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PROLONGED RELEASE ACTIVE AGENT
DOSAGE FORM ADAPTED FOR GASTRIC
RETENTION

This application is a con. of U.S. application Ser. No.
09/131,923, filed Aug. 10, 1998, now U.S. Pat. No. 6,120,
803, which claims priority from U.S Provisional Application
Ser. No. 60/055,475, filed Aug. 11, 1997, which is incorpo-
rated herein by reference.

FIELD OF THE INVENTION

The present invention is related to the prolonged release
of an active agent from a dosage form. More particularly, it
relates to a an active agent dosage form adapted for retention
in the stomach for a sustained period for delivering the
active agent to a fluid enpvironment of use.

BACKGROUND OF THE INVENTION

Controlled release dosage forms that provide for pro-
longed delivery of active agent formulations to the environ-
ment of use have found application for increasing numbers
of active agents, However, with respect to pharmaceutical
and veterinary active agent formulations, there has been a
tieed not only to provide for prolonged delivery of the active
agent over-time, but also to provide prolonged dehvery of
the active agent at a parncular location or locations in the
environment of use, such as in the stomach.

Cettain active agents are absorbed primarily from the
stmall intestine, Generally, the time of passage of different
particles through the small intestine does not vary
significantly, and passage is generally independent of food
intake and particle size. Thus, active agent dissolved in
liquid, solid active agent dispersed in liquid and relatively
larger delivery units of active agent, such as microcapsules
and the like, will traverse the leagth of the small intestine in
substantially the same time frame, usually about 3-5 hours,
For active agents that are not easily absorbed by the small
intestine or that do not dissolve readily, the window for
active agent absorption in the small intestine may be too
short to provide a desired therapeutic effect. This fact often
creates a need for frequent dosing of active agent in order to
provide and maintain adequate levels of active agent in
blood plasma. The need for frequent dosing presents com-
pliance problems and is ofien inconvenient for the user as
well,

Since it has been found difficult to alter the transit time of
active agent through the small intestine, some emphasis has
been placed on attempting to control the iransit time of
active agents in the stomach. Most active agents are not well
absorbed in the stomach, but even in those instances where
the active agent is not well absorbed, the continuous release
of active agent in the stomach over a prolonged time period
will dispense active agent over that same period of time to
the small intestine where it can be absorbed. While there is
a sound basis for such an approach, physiological charac-
teristics of the stomach and the digestive process have not
allowed for much prior success, since the residence time of
a particls in the stomach is only mildly depeadent of food
intake or particle size.

The physiological behavior of the stomach is usually
determined by whether it contains food or is empty. Food is
mixed and partially digested in the distal stomach (antrumy).
As the stomach undergoes contractions, partially digested
material is discharged into the small intestine and non-
digested material is retropelled into the main part of the
stomach for further digestion. In the fed state, non-digestible
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material is not gcnerally able to leave the stomach. At the

end of a digesti
stage and begins
tric motor cycle

¢ period, the stomach enters the fasting
a cycle called the interdigestive myoelec-
or IMMC,
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phases: (1) phase
no contractions;

11s an approximately one hour period with
(2) phase 2 is about a forty minute period
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nee of phase 1. The different phases move

stoppach to the terroinal ileum over an
vo hour period as the cycle is repeated.

Lmtcrmpted by the receipt of food by the
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ible to delay the emptying phase, phase 3,

fed state. However, it is not practical to
n the fed state over a long period of time,

need exists for a delivery device that can

mach for a significant period, whether in the
. and deliver active agent to the stomach
period of time.

dies have been conducted i dog and in
sizes of objects that would be retained in
g the fed stage and also in the fasting stage
present. Khosla and Davis, International
ceutics, Vol. 62 (1990), pages R9-R11
it a particle size less that 2 mm generally
ing from the stomach of the dog. Non-
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larger sized tabl
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Pharmaceutical
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tical Sciences,
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ized tablets. Tablets larger than 11 mm
stied only during the IMMC. Davis et al,,
Research, Vol. 8, No. 10 (1991) has
n of radio-telemetry capsules having a size
ne stomach of human subjects past phase 3
mmermans et al., Journal of Pharmaceu-
ol. 82, No, § (1993) has reported the mean
diameter . in humans as 12.827.0 mm.

Accordingly, it is important that gastric retentive delivery

vehicles are ada
sizes that permif’
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ts to provide active agent delivery devices
stomach for extended periods or time have
previously. For example, U.S. Pat. No.
bes a hydrogel reservoir containing tiny
ctive agent core surrounded by a wall
ery of active agent to the stémach. The
the stomach to facilifate retention of the
oir in the stomach over time,

1,871,548 describes a dosage form includ-
low and high number average molecular
ropylmethyleellulose polymers and active
when in the stomach.
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of bioerodible polymer including active
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active agent module, mechanically or osmotically driven,
can be glued or tethered to the device.

U.S. Pat. No. 5,443,843 doscribes a plurality of compress-
ible retention arms and an attached controlled release device
which in the expanded form resists gasirointestinal transit.
The system can have a collar or a belt for receiving and
holding a-active agent-containing, orally-administrable con-
trolled release device. In a fully expanded oonﬁguratmu for
human use, the systern is described as having minimum and
maximum dimensions of 2.5 and 6.0 centimeters, respec-
tively.

U.S. Pat. No. 5,007,790 describes a sustalned release
active agent dosdge form in the form of a capsule or tablet
that includes a plurality of hydrophilic water-swellable,
cross-linked polymer particles that swell in the stomach to
promote gastric refention and permit gastric fluid to pen-
etrate the particles to dissolve active agent and deliver it to
the stomachi in the solution state, The particles are indicated
to retain their physical integrity over the dosing period.
Initially sized paruclcs, indicated to be preferably spherical,
| are disclosed to be in the range of 50 ym fo 2 mm, swell to
a size of about 3 mm. A plurality of particles are packed into
a capsule for administration to a paticnt.

U.S. Pat. No. 5,582,837 describes a dosage form similar
‘| to that of U.S. Pat. No. 5,007,790, without the use of a
cross-linked hydrophilic polymer. The particles are
described as slippery and soft, préferably spherical, and
having dimensions on the order of 6 to 18 mm in the swollen
state. The particles can be packed into capsules containing
7-25 spherical particles, depending on the size, or formu-
lated into tablets that contain from 2-25 spherical particles.

The use of albumin-cross-linked polyvinylpyrrolidone
hydrogels to deliver flavin mononueleotide to dogs has been
described by Park et al. in Journal of Controlled Release,

Vol.19 (1992) pages 131-134, The hydrogels were main-
tained in the stomachs of dogs for extended periods, even in -

the fasted state. Gels with a glassy core tended to remain in
the stomach longer than hydrogels without the glassy core.
Control of the size of the corc was attempted by adminis-
tration of water int the stomach. While it is possible to control
the dimensions of the hydrogel in the diy state, controlling
the size of the glassy core within the hydrogel after admin-
istration to a subject by addition of water is not suitable for
| fabrication of a dosage form that can routinely and control-
lably be retained in the stomach of a subject over a pro-
longed period of time.

While it is important that the dehvery device be adapted
to remain in the stomach for a prolonged period, it is also
importasit that the device deliver active agent in a controlled
manuer. Delivery systems, such as those described below,
aré representative of the many different systems have been
suggested for such controlled delivery of active agents over
a prolonged period of time.

For example, U.8. Pat. No. 4,290,426 to Lusted et al
describes a coylindrical dispenser for releasing a beneficial
agent into a fluid environment at a rate that is governed by
the fluid induced relaxation of a polymeric agent contained
within the dispenser. The cylindrical dispenser includes an
impermeable container that has within if 4 reservoir and a
passageway from the reservoir to the exterior of the con-
tainer. The reservoir contains a polymer and a beneficial
agent. The polymer imbibes fluid from the environment and
thereby undergoes relaxation, releasing the beneficial agent
from the device. The amount of agent released is dependent
on the rate of relaxation of the polymer over time,

Coated dosage forms have also been suggested for deliv-
cry of a conirolled amount of a beneficial .agent over a
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prolonged period of time. U.8, Pat. No. 5,256,440 describes
a process for producing a film coated dosage form. A
continuous groove is inscribed in a dosage form core. Alatex
film is coated onto the core, the groove defining a fixed zone
and a detachable zoue for the film. The detachable portion of
the latex film detaches when it is exposed to the environment
of use, thereby exposing a discrete portion of the dosage
form core surface. The remainder of the film remains
attached to the dosage form core, The exposed portion of the
dosage form surface erodes and releases active agent to the
environment of use.

Coated tablets for constant and prolonged active agent
release are described by Conte et al inJ. Controlled Release,
Vol: 26, (1993) pages 39-47. These GEOMATRIX™ Sys-
tems are swellable matrices that are coated or tableted with
polymeric barrler layers. Release performances of the sys-
terns are modulated as a’ result of the reduction of the
releasing surface exposed to the dissolution medium by the
polymeric barrier layer coatings. As the extent of coating of
the system’s surface is increased, the release kinetics of the
systemn shift toward constant release. Thess systems are
further described in U.S. Pat, No. 4,839,177 to Colombo et
al.

U.S. Pat. No. 5,534,263, which is incorporated herein by
reference, describes a dosage form useful for the prolonged

delivery of an active agent formulation in the form of a.

matrix having two or more insoluble bands on the surface of
the matrix. The exposed surfaces of the matrix erode in a
manner that ¢reates additional surface areas to provide for
prolonged release of an active agent formulation with deter-
mined release profiles.

Additional oral, controlled-release dosage forms include
elementary osmotic pumps, such as those described in U.S,
Pat. No. 3,845,770, mini-osmotic puraps such as those
described in U.S. Pat. Nos, 3,995,631, 4,034,756 and 4,111,
202, and multi-chamber osmotic systems referred to as
push-pull, push~me1t and push.stick osmotic pumps, such as
those described in U.S. Pat, Nos. 4,320,759, 4,327 725,
4,449,983, 4,765,989 and 4,940,465, all of which are incor-
porated herein by reference.

Administration of acyclovir by sipped solution over a
four-hour period has been described in Br J. clin. Pharmac.,
21, 459-462 (1986) to achieve an imcreased contact time
with the human stomach and the gastrointestinal tract. The
total amount of acyelovir absorbed was increased over that
observed with administration of acyclovir tablets. The influ-
ence of food on gastric retention time and the absorption of
acyclovir -has been reported in International Journal of
Pharmaceutics, Vol. 38 (1987), pages 221-225. As reported

there, compared to a lighter meal, the heavier meal slowed

the rate of gastric emptying, prolonged small intestinal
transit time and decreased absorption of the active agent.

SUMMARY OF THE INVENTION

As cari be obhserved in the above-referenced patents and
publications, devices have been described that provide for
prolonged delivery of an active agent and retention in the
gastric environment. However, there remains a continuing
need for improved systems for delivering an active agent to
the gastric environment over a prolonged period of time and
in a reliable, controllable and reproducible manper. In
particular, there is a need for sustained delivery devices that
are to remain in the stomach, even during a fasting state in
which IMMC is present, for a prolonged period, for éxample
from about 4 hours 1o up to about 20~24 hours. Such devices
should exhibit a combination of flexibility and rigidity so as
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not to be expelled from the stomach into the pyloric sphinc-
ter under fed or fasting conditions, and deliver active agent
in & reproducible, controlled manner, over a prolonged
period of time. : '
Accordingly, the present invention is directed to a dis-
pensing device that will provide increased retention time of

the device in the stomach over conventional dosage forms .
and release an active agent formularion in a reliably con-

trollable manner, and further that is easy and inexpensive to
manufacture: ' ' ‘

In one aspect, the invention is directed to .an aciive agent’

dosage form-for the prolonged delivery of an active agent to
the stomach of a humag or other animal. The dosage form
includes an active agent and a polymer maitrix formed of a
mixtiire of a swellable, water soluble polymer that expands
when in contact with fluids in the gastric environment and a
hydroattractant, preferably water inscluble. The rnatrix is

formed with a rigid or semi-rigid segment in whicli swelling

- of the hydrogel is constrained 1o provide a rigid or semi-rigid

section in the dosage form that facilitates the dosage form.

remaining in the stomach of a subject over a prolonged
period of time, In-one embodiment, the rigid or semi-rigid
section of the dosage form comprises one or more insoluble
materials, typically exhibiting low water impermeability and
formed as & band circumscribing a portion of the surface of
the matrix, that along with the banded portion of the polymer
matrix forms the rigid or semi-rigid segment of the dosage
form. :

The aforementioned insoluble material or band (or bands, .

if more than one band is utilized) prolongs the period of time
in which the polymer matrix. retains its integrity in an
cxpanded state and increases the residence time of the
dosage form in the storaach. The band Hmits the transport of
fluid into the portion of the polymer matrix which it sur-
rounds and provides the polyraer matrix with enough rigid-
ity to-permit the dosage form.to resist the compressive force
- of the contractions of the stomach during the housekeeping
phase and remain jn the stomach for a significantly pro-
longed period. As the dosage form crodes in the stomach or
as active agent diffuses from the matrix, active agent will be
released and ¢ither absorbed by the stomach or passed from
the stomach to the small intestine where it can be absorbed.

In still another aspect, the active agent dosage form
comprises (2) a therapeutically-effective amount of an active
agent, (b) a polymer matrix in which the active agent is
dissolved or dispersed, the polymer matrix including a high
molecular weight, water-soluble polymer and a hydroattrac-
tant such as a water-insoluble polymer, and, optionally,
non-polymeric water-soluble excipients and polymers of
molecular weight of less than 10,000 grams per mole, the
.. polymer matrix having an outer surface for exposure to the
enviranment of use, and (¢) a band of insoluble material
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of the stomach] such ss mixtures of polyacrylic acid and
“polyethylene o

xide or :ilixmnes of polyacrylic acid and

polyvinylpyrtolidons.,

Examples of]

hydroattractants are water insoluble poly-

mers such as low substituted hydroxypropyl cellulose, ion

exchange resin
sodinm or calei

5, microerystalline cellulose,. cross-linked
carboxymethyl cellulose, cellulose fiber,

cross-linked polyvinyl pyrrolidone, cross-linked polyacrylic
acid, cross-linked Amberlite resin, alginates, chitin, colloi-

“dal magnesium-aluminum silicate, corn starch granules,

wheat starch granules, rice starch granules, potalo starch

.- granules, zein, soya polysaccharide, and sodium carboxym-
" ethyl starch, and blends of these hydroattractants.

1

‘Examples of non-polymeric water soluble excipients
include sugars,%uch as mannitol, sorbitol, sucrose, lactose,
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circumnscribing a portion of the outer surface of the polymer -

matrix, :

" ‘Examples of water soluble polymers are sodium -and
calcium polyacrylic acid, polyacrylic acid, polymethacrylic
acid, polymethylvinylether co-maleic anhydride,
polyvinylpyrrolidone, polyethylene oxide, hydroxypropyl
~ cellulose, hydroxypropyl methyl cellulose, hydroxyethyl
cellulose, bydroxymethyl methacrylate, sodium carboxym-
ethyl cellulose, calcium carboxymethyl cellulose, methyl
cellulose, malfodexirin, xanthan gum, tragacanth guin, agar,
gellan' gum, kayars gum, alginic acids, pectins, pre-
gelatinized starch, and polyvinyl alcobol, and blends of
those polymers, Particularly useful polymer blends are those
which form association polymersin the low pH environment

L]

fructose, maltose; salts such as sodium chloride, potassium .

chloride, calcium sulfate; the ammino acids alanine,
arginine, asparagine, aspartic acid, cysteine, glutamic acid,
glutamine, glygine, histidine, isoleucine, leucine, lysine,

methionine, p

henylalanine, proline, seripe, threonine,

tryptophan, fryosine, and valine; buffering agents such as

fuimaric acid, so

citrle acid, sodium citratd, potassium citrate, sugeinic acid,

dium acetate, sodium phosphate monobasie,

tartaric acid, sodium potassium tartrate; surface active
agents such as poloxamers, polysorbates, lecithin and the
like; and efferv'escing couples such as citric acid blended

with sodium bi
having a molec
mole, and poly

carbonate, and similar blends. Malodextrin,
plar weight of about 400 to 4000 grams per
ers having similar properties are example of

a low molecular weight polymeric materiats useful in this
invention. | -

In another aspect, the invention comprises an active agent

dose and over la prolonged time period, a therapeutically
effective amount of the active agent with the relative absorp-
tion index of the active agent over the time period being at
least 0.5, Preferably, the amount of active agent delivered
over the prolonged period by the present invention will be at
least 50%, and most preferably at loast 80%, of the amount
of active agent deliverable in an immmediate release, multiple

dosage form aj’aptad to geliver in the stomach, ag-a single

dose regimen oyer the time period.

In still anoth

r aspect, the invention comprises an active

agent dosage form adapted for gastric retention over a
prolonged period comprising a polymer matrix formed of a

water soluble,
bydroattractant

high molecular weight polymer and a
in which the weight percent of the water

soluble, high melecular weight polymer is about 10 to 50

weight percent

is about 5 to 7()

ind the weight percent of the hydroatiractant
weight percent.

In 2 further dspect of the invention, the invention com-
prises a composition comprising about 5 weight percent to
about 50 weight percent 'of a polyethylene oxide polymer
having a numbet average molecular weight of between

about 100,000

-weight percemt

- pyl cellulose p
betweern about 10 weight percent to about 13 weight percent
of the hydroxypropyl cellulose polymer.

In another aspect of 'te invention, the dosage form is

60

65

and 9 million grams per mole and about 5
o abour 70 weight percent of a hydroxypro-
plymet Having a hydroxyprepyl content of

formed as a swellable polymer matrix attached to a separate

active agent’ reservoir,

delivered, such

and placed ‘about the reservoir, such that swelling of the

polymer retains

the active agent reservoir within the tube or

ring and provides size and gel properties 1o the dosage form

' om which the active agent is.
as an osmiotically-driven active agent reser-
voir. The polym‘er matrix is forimed as a tube or annular ring
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that promotes retention in the stomach over a prolonged
period of time. The polyier tube or annular ring is options
ally formed with spht ends such that upon swelling the ends
of the polymer matrix cgn flare away from the reservoir to
1 substantially increase the efféctive swollen size. of the dos-
age form over that exhibited in the dry state. The active
agent reservoir contribuies to the rigidity of the dosage form,
such that along with the gel properties of the polymer
matrix, the dosage form is retained in the stomach for a
prolonged period of tirme.

In siill another aspect; the invention comprises a gastric-
retentive, bicerodible active agent dosage form adapted to
deliver a therapeutically-effective amount of an active agent
selected from the group ‘T"f antiviral agents, antifungal agents
and antibiotic agents at a controlled rate such that the
relative absorption index of the active agent delivered s at
least 0.5, and preferably greater than 1.

In a further aspect of the invention, the active agent
dosage form compnses 4 unitary compressed dispersion of
a solid active agent in a gel-tormmg, erodible polymer
matrix having a first portion that swells in the stomach while
maintaining its physical integrity for a prolonged period of
time and a second, nonserodible, non-gel-forming portion
for promoting retention of the dosage form in the stomach
over a prolonged period of time.

In another aspect, 1he dosagc forms of thc invention
described above may comprise a gastric-emptying delaying
agenl, i.e., a substance that increases the retention tire of the
dosage form in the stormtach, The gastric-emptying delaying
agent may be combined with the composition containing the
active agent for local delivery to the environment of use or
it may be coated on thg dosage form to provide the desired
physiological response: to delay onset of the IMMC and
facilitate retention of the dosage form in the stomach.

BRIEF DEscmli’rION OF THE DRAWINGS

The figures are not’ drawn to scale, but are set forth to
illustrate various embofliments of the mvontxon Like num-
bers refer to like structures.

FIGS. 1A and 1B illustrate one embodiment of the deliv-

ery device of the present invention, the device in FIG. 1A
representing the active ‘agent formulation matrix not includ-
ing the insoluble material or band and the device in FIG. 1B
representing (he bandéd device in prepared form prior to
placement in the stomach.

FIG. 2 illustrates the device of FIG. 1B in its initially-
swollen state after aving expanded in the stomach;

FIGS. 3A and 3B, 11i ustrate the device of FIG. 2 at later
stfages where the eviee has eroded in the fluid enwronment
of use;

FIGS. 4A-4D ﬂlustrate another embodiment of the inven-
tion in which wo bamds of insoluble material have been
incorporated on the devwe {llustrated in FIG. 1A;

FIG. 5 illustrates another embodiment of the invention
that incorporates a swellable polymer matrix tube of ring
formed aboul a separate active agent reservoir for dispensing
active agent to the environment of use;

FI1G. 6 illustrates an embodiment of the invention that
includes a band of insoluble material circumseribing
portion of the device of FIG. §;

FIG. 7 illustrates still another embodiment of the inven-
tion where the polymér matrix tube or ring is formed with
split ends which in its swollen state results in the ends of the
polymer tube or ring flaring outwardly and swellmg 1o
pravide a larger effective diameter;

;
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FI1G. 8 illustrates a representative in vitro release rate
pmﬁle for the drug acyclovir from an embodiment of the
invention illustrated in FIGS, 1~3;

F1G. 9 represents the correspondmg cumulative dose of
acyclovir released as a function of time from an embodiment
of the invention illustrated in FIGS. 1-3; and

FIG. 10 represents the blood plasma profile in dogs of
acyclovir delivered from the embodiment of the invention
illustrated in FIGS. 1-3.

FIG. 11 illustrates a representative in vitro release rate
profile for the drug ganciclovir from an embodiment of the
invention illustrated in FIGS. 1-3;

FIG. 12 represents the eorresponding cumulative dose of
ganciclovir released as a function of time from an embodi-
ment of the invention illustrated in FIGS. 1-3; and

FIG. 13 represents the blood plasma profile in dogs of
ganciclovir delivered from the embodiment of the invention

illustrated in FIGS. 1-3.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention provides an active ageént dosage
form that is retained in the stomach for a sustained period of
time and that is useful for the prolonged delivery of an active
agent formulation to a ftuid environment of use. The inven-
tion provides for initial and substantially complete delivery
of an active agent formulation in the stomach of a user,

where the active agent may be absorbed or released from the

stomach to be absorbed in the gastrointestinal tract. In
particular applications the gastric retentive dosage forms of
the invention may allow for less frequent dosing of the
active agent than with immediate release formulations or
sustained release formulations that are not gastric retentive
dosage forms: In other applications the frequency of dosing
may be the same, but the gastric retentive dosage forms will
beneficially alter the absorption profile of the active agent
from that available with immediate release formulations.
This may result in increased bivavailability of the active
agent or reduced side effects, for example.

Definitions

The phrase “prolonged delivery” or “prolonged period”
intends a period of delivery that lasts for several hours to
about 24 hours, usually up to about 12 hours, and often
between about 4 and 14 hours.

By “insoluble” is intended a material that will not sub-
stantially dissolve in the environment of use during the
delivery period.

The term “getive agent” refers to an agent, drug, com-

pound or other substance, or compositions and mixtures .

thereof, that provide some pharmacologie, often beneficial,
effect, Reference to a specific active agent shall include
where appropriate the active agent and its pharmaceutically
aceeptable salts.

The term *“polymer matrix” as used herein means a
mixture of a water soluble, high molecular weight polymer
and a hydroattractant.

“The term “active agent formulation” intends the active
agent or the active agent optionally in combination with
pharmaceuncally acceptable carriers and additional inert
ingredients.

The termn “active agent formulation matrix”, as used
herein, comprises the active agent formulation in combina-
tion with a polymer matrix, and, optionally, other pharma-
ceutical excipients.

z2¥0
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The terms “adapied for gastric retention” or “gastric dispersed therein. Polymer matrix 11 typically is formed of
retentive” mean, with respect to the dosage form of this combination of g swellable, high molecular weight, water-
invention, that the dosage form will remain in the stornach  soluble polymer) and a hydroattractant.
of a subject for a prolonged period of time. Representative examples of the swellable polymer com-

The terms “rigid” and “semi-rigid” mean, with respect to § Prising high molecular weight, water-soluble polymers are
a portion of the active agent formulation matrix or polymer ~ Polyethylene oxide and cellulosic polymer derivatives
matrix as defined above, that such portion will notswelland ~ including hydrokypropyl cellulose, iydroxypropyl methyl
form a gel when initially contacted with gastric fluid. Cel&;ﬂ?stiiulhyd ro:lygthyl %illulos&], 150&111111{31 carbg;q;

The term “bicerodible” intends a material that will, at metayleelloss,| calcium garboxymetlyl cellulose, metly
least in part, dissolve, degrade or erode in the fluid envi- 10 cellulgse, 5 well as n‘i’“‘?e !‘MO?WS sug:h as malto_dextrm,
ronrment of use. polyvinyl alcohol_, polyaqryhc acids, alginates, gelatin, natu-

' s o , ral gums, including guar, lightly crosslinked versioms of

The term “bioequivalent” intends, with respect to an  fyees polymers, starch graft copolymers and the like. The
active agent dosage form of this invention, that there is ,

greater than a 90% probability that the bioavailability of the polymers generaly heve mymber average molecular weights

; ? ! 15 over 50,000 grams per mole, such as between 30,000 and
active agent as determined by standard methods is 80-125% 10,000,000 grams per mole and representative viscosities,

of the defined dosage form and that there is greater than a : da "
909?: probability _th_at the maximum blood plasma} concen- 25%%; ’i%r, ggtygtil le&f 1%%%&;3&633%;%%8’23: éﬁ;:
tration and the minimum blood plasma concentration of the ag, 25° C., MW 1,000,000-2,000,000) and 1500-15,000 cps
active agent as measured by standard methods is 80-125% ,, (1% aq, 25° C., MW 4,000,000-8,000,000) [Brookfield
of the defined dosage form. . viscometer, rotational spindle]; for methylcellulose in the
_The term “polymer” meaps a material formed from a  range of 1,500~18,000 cps (2% ag, 20° C., MW 62,000-134,
single polymer or a mixture of polymers. 000) [Ubbelohde tube viscometer]; for hydroxypropyl meth-
The term “sustained retention period” means the duration  yleellulose in the range of 4,000-100,000 cps (2% aq, 20°
of time equal o or exceeding at least twice the duration of 25 C., MW 88,000-242,000) [Ubbelohde tube viscometer]; for
time between the administration of single doses of 4n active ~ hydroxyethyl cellulose in the range of 75-400 cps (5% aq,
agent that is intended to be adrministered more than once  25° C., MW 90,000-200,000), 4006500 cps (2% aq, 25°
(c.g., bid, tid, g4h or g5h) over a 24 hour period. For  C., MW 300,000-720,000) and 1500-5,000 cps (1% aq, 25°
example, if a active agent dosage form is intended for tid  C., MW 1,000,000~1,300,000) [Brookfield viscometer, rota-
dosing (i.6., 3 time a day or every 8 hours), the sustained 30 tional spindle]; for guar about 5100 cps (1%) [Brookficld
retention period with respect to such active agent would be viscometer, rotatipnal spindle]; for poly(methy! vinyl ether/
a least 16 howrs. In the case of a active agent intended for  maleic anhydride) in the range of 15 to greater than 200 cps
q4h doging, i.¢., every 4 hours, the sustained retention period (5% ag., MW 20,000-80,000) [ Brookfield viscometer, rota-
- would be at least 8 hours. l(:icmal spﬁ:ldlg!; f(ozr p[olyvinyl aleohol in the range 27-65 cps
The torm “relative absorption index” means the ratio of 35 (4% aq, 2 | [Hosppler falling ball method and
the amount of active aggx,xt delivered over a sustained 15??_"11100 ‘E?Sdlglo‘? aq,d25° C) b[BIDDkftlgki W’i’ﬁm“@l”
retention period by a single application of the dosage form  folaional spindlel; for socium carboxymetny. cellulose in
of this invention to the amount of active agent delivered by ~ {he range of 25-30 cps (2% aq, 25° C.) (MW 90,000) to
a multiple dose regimen of an immediate release, active  about 2,500-6,000 cps (1% aqg, 25° C) (MW 700,000)
agent dosage form over the same stistained retention period, 4 [Brookfield viscometer, rotational spindle]; and for sodium
as determined from the area under the blood plasma curve of ~ Polyacrylic ac1c11(§000~75,000 (0.5% aq) (MW 750,000-4,
the subject to which the active agent is administered,  000,000) [Brookfield viscometer, rotational spindle]. Poly-
wherein the total amount of the active agent contained in the 1S having molegular weights between 300,000 and 8,000,
dosage form of the invention is equal o the total amount of ~ 000 grams per mole are preferred, and those having
active agenl contained in the multiple doses of the imme- 45 Molecular weights between sbout 5,000,000 to 8,000,000
diate release, active agent dosage form. ﬂz‘;sg Pern?:xfnlge an: eesggilanyllmﬁel;fg~ ‘P‘t)zltygmtgvlem Oéﬂd?{
“ o . Yo a r ave olecular weight between abou
2 The torm “swellable™ means, with respect to a polymer or 5,000,000 to 8,000,000 gr?ms per mole is most especially
polymer matrix, that the polymer or polymer matrix is referred Pok 308, Als ial forred
capable of imbibing fluid and expanding when in contact preierred, €.8. FOpyox 1 /150, especially preierred are
: . . p _ lulose type/grade A15C, A18M and hydroxypro-
with fluid present in the environment of use. so methylce YPo/Er : YAroxyp
. ) - _ pyl methyleellulose type/grade K4M, K15M, 100M and
The terms “therapeutically effective” amount or rate refer  Fam (Dow Chentical Company); hydroxyethyl cellulose
to t];e amount or rate _of the active agent needed to effect the  guon ag Natrosol®D HEC; hydroxypropyl cellulose such as
desired pharmacologic, often beneficial, result. Kiucel (Grades H, M, G, J, L, E—Agqualon Company); guar
The dispensing devices of the invention-find use, for 55 such as Supercol®|Guar U (Aqualon Company); pectin such
example, in humans or other animals. The environment of as GENU Pectin (Aqualon Company); carrageenan such as
use is a fluid environment and for the purposes of this  GENU Carrageenan (Aqualon Company); poly(methyl
Invention primarily includes the fluid environment of the vinyl ether/maleic anhydride) such as Gantrez® AN Copoly-
stomach and the upper intestinal tract or small intestine. A mer (AN-119, -139, -149, -169, -179, GAF Corporation);
single dispensing device or several dispensing devices can g polyvinyl alcohol such as Elvancl® 71-30, Elvanol® 85-30,
‘be administered to a subject during a therapeutic program. Elvanol® 50-42 agd Elvanole® HV (DuPont); sodium car-
 'The invention will be better understood with reference to ~ boxymethyl cellulose such as Aqualon cellulose gum grade
the drawings and the description herein. FIG. 1 depicts one ~ 7H4; sodium polyacrylic acid such as Carpobol® resin
embodiment of the delivery device 10 according to the  grade 934PNF; and polyacﬂ“ylic acid such as Carpobol®
preseat invention. The delivery device or active agent dos- ¢5 resin grade 934P. ;
age form 10 comprises a polymer matrix 11 having active Representative ¢xamples of hydroattractants are water-
agent 12 (illustrated by the multitude of dots) dissolved or insoluble polymerg such as low substituted hydroxypropyl

i‘
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cellulose, microcrystatine cellulose (Avicel), cross-linked
sodium or caleium carboxymethyl cellulose, cellulose fiber
gSolka-Floc or Blcema), cross-linked polyvinyl pyrrolidone
Polyplasdone XL), cross-linked Amberlite resin, alginates
(Satialgine), colloidal magnesmm aluminum silicate
(Veegum), corn starch granules, rice starch granules, potato
starch granules, wheat starch granules, sodium carboxym-
ethyl starch (Expotab, Primojel), corn starcl/acrylarmide/
sodium acrylate gopolymer, - acrylamidetsodium acrylate
copolymer and the like. A particularly suitable hydroattrac-
tant is hydroxypropyl cellulose having a hydroxypropyl
content of between about 815 weight percent, and prefer-
ably about 10-13 weight percent, such as that supplied as
Low. Substituted Hydroxypropyl Cellulose grade 11 as
manufactured by Shin-Etsu Chemical Company, Ltid,
Tokyo, Japan.

" Typically, the water soluble, high molecular weight poly-
mer in the polymer matrix is present in from about 5% to
about 90% by weight based on the total weight of the active

agent formulation matrix, and the hydroatiractant is present.

in from about 5% to about 70% by weight based on the total
weight of the active agent formulation matrix. The pamcular
percentages will be chosen to provide the desired retention
time in the stomach and the desired release profile of active
agent. However, it is presently preferred to have the polymer
matrix contain from about 10 weight percent to about 50
weight percent of the water soluble, high molecular weight
polymer and from about 10 weight per¢ent to about 60
weight percent of the hydroattractant, with weight percent-
ages of water soluble, high molecular weight polymer in the
range of 10 to 40 weight percent and hydroattractant in the
range of 25 to 35 being especially preferred.

Dosage form 10 is conveniently cylindrically shaped with
rounded ends 13 and 14 that facilitate administration of the

dosage form in its non-swelled state. In FIG. 1A, the device:

10 is shown in preparation prior to application of the
insoluble material or band 15 shown in FIG. 1B. The
insoluble material exerplified as band 18, circumscribes a
portion of the outer surface of the polymer matrix 11, While
a single band is illustrated in FIG. 1, additional bands such
as illustrated in FIG. 4 can be utilized depending on the
particular application for which the device is being used.

_ The band of insoluble material 15 is applied to the outer
surface of the polymer matrix. The insoluble material
imparts rigidity to the gel-forming polymer matrix to man-
age gastric retention time and further control the delivery
profile of the active agent of interest. Band 15 typically
exhibits low water permeability and will prevent that portion
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of the polymer matrix which it surrounds from imbibing

fluid, thus substantially limiting any swelling of polymer
matrix 11 at that location. The number, size, and placement
of the insoluble bands that are applied onto the surface of the
active agent formulation matrix may be varied to adjust the
active agent delivery profile and the retention time in the
stomach. For example, bands 0.1 mm to about 12 mm in
width, preferably between about 0.5 and 8 mm, may be
applied onto the active agent formulation matrix surface.
Further, between about 1 and 10 bands may be used, but
genetally between about 1 and 3 are affixed to the matrix,
The bands may be placed close together (i.c., within about
0.5 mm of each other) or may be placed about 8 1o 12 mm
apart.

With reference to FIGS. 4A—-4D, dosage. form 10 is
formed with two bands 15, each circumscribing a portion of
the surface of polymer matrix 11 in which active agent (not
shown) is dispersed: FIG. 4A illustrates dosage form 10 in
its initial configuration before it has imbibed any fluid. Upon
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administration to a subject, dosage form 10 swells as shown
in FIG. 4B in those segments of polymer matrix 11 that are
not surrounded by bands 15. Because of the low fluid
impermeability of bands 15, those portions of polymer

matrix 11 surrousided by bands 15 do not apprecizbly imbibe

fluid and the polymer in such segments of the polymer
matrix does not swell 1o any significant extent. FIGS. 4C and
4D illustrate sequential states of dosage form 10 after it is
substantially eroded by gastric fluid and contractions of the
stomach. Eventually, dosage form 10 will separate into two
pleces and be expelled from the stomach,

An alternate embodiment of the invention is ﬂlustrated in
FIGS. 5-7 wherein a scparate active agent containing res-
ervoir is utilized with the swellable polymer matrix of the
present invention. The swellable polymer matrix 11 is
formed in the shape of a tube or annulus, for example by
extrusion of the polymer mixture after preparation as
desc_:ribed below, and positioned around an active agent
teservoir denoted generally as 16. Reservoir 16 will be
adapted to deliver active agent to the environment of use
over a prolonged period of time when the dosage form is
retained in the stomach. In one form it may be an osmotic
pump, such as that manufactured by ALZA Corporation,
Palo Alto, Calif, as the OROSO active agent dispensers.
Various types of osmotic dispensers include elementary
osmotic putnps, such as those described in U.S: Pat. No.
3,848,770, mini-osmotic pumps such as those described in
U.S. Pat. Nos. 3,995,631, 4,034,756 and 4,111,202, and
multi-chamber osmotic systems referred to as: push-pull,
push-melt and push-stick osmotic pumps, such as those
described in U.S. Pat. Nos. 4,320,759, 4,327,725, 4,449,983,
4,765,989 and 4,940,465, all of which are incorporated
herein by reference. In the multi-chamber osmotic systems,
the active agent reservoir 16 is typically formed with a active
agent compartment 17, containing active agent in the form
of a solid, liquid or suspension, as the case may be, and a
compartment 18 of a hydrophilic polyrmer that will imbibe
fluidd from the stomach, swell and foree the active agent
from opening 19. Such osmotic pumps are sold commer-
cially and have been described in the patents noted above
and other patent and scientific literature. Other active agent
delivery systems could be used, but the osmotically-driven
systerns are preferred for their well controlled delivery of a
vast multitude of active agents, including those preferred for
delivery by means of and as part of this invention.

Polymer matrix 11 will swell in the stomach and facilitate
retention of the active agent reservoir 16 in the stomach
during the time that active agent is being delivered. After the
polymer has eraded and active agent has been.dispensed, the
active agent delivery reservoir 16 will pass from the stomach
and exit the gasttointestinal tract. With reference to FIG. 5,
polymer matrix 11 may be prepared in two parts and joined
about ‘the active agent reservoir 16, such as with comple-
mentary male ridges 20 and female grooves 21. More
sxmply, it may be prepared in one piece as a tube or annular
ring that is fitted or molded about the active agent reservoir
16 as shown in FIG: 6. Additionally, band(s) 15 may be
placed about the polymer matrix, limiting the swelling of the
polymer matrix in the segment surrounded by the band.
Preferably, the tube or ring is formed with split ends 24 as
illustrated in FIG. 7, such that upon swelling of the polymer
matrix, the ends flare ontwardly and create an effective
diameter larger than that created in the case where the tube
ends are not split. Conveniently, the polymer matrix 11 is
injection molded about. the active agent reservoir, or
alterngtively, it may be formed as a tube into which the
active agent reservoir is inserted, In certain circumstances, it
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may be beneficial to have the polymet matrix extend past the
end of the active agent re\servmr, in which case the tube ends
may be crimped to sssist in retaining the active agent
reservoir within the tube, However, if a snug fit is provided
initially between the inner surface of the polymer tube or
annular ring and the outside wall of the active agent
reservoir, then the swelling of the polymer matrix normally
will be sufficient to retain the mbe or anoular ring on the
active agent reservoir without any additional means being
required. Gastric fluid will contact the active agent reservoir
and active agent will be dispensed from hole 19 in the
reservoir out through holes 22 that are present in the end of
the polymer tube 11. While a single hole in the tubular
polymer matrix 11 is considered adequate, it is preferred to
have a hole at each end of the polymer tube. In another
embodiment, illustrated in FIG. 6, the polymer matrix 11 is
constrained by & band of insoluble material 15, as has been
described elsewhere in this description. Band 15 constrains
the polymer mafrix and assists in retaining the polymer on
active agent reservoir 16. Either alone or in combination
with band 15, active agent reservoir 16 provides a rigid
segment of the dosage form of the invention that facilitates
the dosage form being retained in the stomach for a pro-
longed period of time, When the polymer matrix has eroded,
band 15 will release from the dosage form and be expelled
from the stomach and gastrointestinal tract.

The insoluble material comprising band(s) 15 may be any
material that is nontoxic, biologically inert, nonallergenic
and nonirritating to body tissue, that exhibits little imper-
meability to liquids, and that maintains its physical and
chemical integrity in the environment of use for at least a
portion of the dispensing period. The low liquid permeabil-
ity of the insoluble material serves to limit swelling of the
polymer matrix in that section of the polymer matrix that is
surrounded by the band.

Insoluble materjals from which the bands may be pre-
pared include, for example, polyethylene, polystyrene,
ethiylene-vinyl acetate copolymers, polycaprolactone and
Hytrel® polyester elastomers (Du Pont). Additional banding
materials include but are not limited to polysaccharides,
cellulosics, cellulose acetate, cellulose acetate propionate,
cellulose acetate butyrate, cellulose acetate pseudolatex
(such as described in U.S, Pat. No. 5,024,842), cellulose
acetate propionate, cellulose acetate butyrate, éthyl
cellulose, ethyl celtulose pseudolatex (such as Surelease® as
supplied by Colorcon, West Point, Pa. or Aquacoat™ as
supplied by FMC Corporation, Philadelphia, Pa.),
nitrocellulose, polylactic acid, poly-glyeolic acid, polylac-
tide glycolide copolymers, , polycaprolactone, polyvinyl
alcohol, polyvinyl acetate, polyethylene vinylacetate, poly-
ethylene teraphthalate, polybutadiene styrene,
polyisobutylens, polyisobutylene isoprene copolymer, poly-
vinyl chloride, polyvinylidene chloride-vinyl chloride
copolymer, copolymerts of acrylic acid and methacrylic acid
ssters, copolymers of methylmethacrylate and ethylacrylate,
latex of acrylate esters (such as Eudragit® supplied by R
OhmPharma, Weiterstadt, Germany), polypropylene,
copolymers of propylene oxide and ethylene oxide, propy-
lene oxide ethylene oxide block copolymers, ethylenevinyl
alcohol copolymter, poly sulfone, ethylene vinylalcohol
copolymer, polyxylylenes, polyamides, rubbers, such as
styrenebutadiene, polyisobutylene and the like, natural and
synthetic waxes, paraffin, carnauba wax, petroleum wax,
white or yellow bees wax, castor wax, candelilla wax, rice
bran wax, microcrystalline wax, stearyl alcohol, cetyl
alcohol, bleached shellac, esterified shellac, chitin, chitosan,
silicas, polyalkoxysilanes, polydimethy! siloxane, polyeth-
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ylene glycol-siligone elastomers, crosslinked gelatin, zein,
electrormagnetic lnadlation ¢rosslinked acrylics, silicones,
or polyesters, thermally crosslinked acrylics, silicones, or
polyesters, butadiene-styrene rubber, glycerol ester of par-

tially dimerized
nated wood rosij
ester of wood 1o
genated wood r
natural or synthg

The banding
plasticizers, and
opagifiers, color

rosin, glycerol ester of partially hydroge-
n, glyeerol ester of tall oil rosin, glycerol
5in, pentagrythritol ester of partially hydm-
psin, pentacrythntol ester of wood rosin,
tic terpene resin and blends of the above.

materials often are also formulated with
optmnally with wetting agents, surfactants,
ants, flavorants, taste-masking agents, and

the like, Examphes of typical plasticizers are as follows:

polyhydric aleoh
lene glycol, acets
acetyl trieth
monoglycerides,

ols, polyethylens glycol, glycerol, propy-
te esters, glycerol triacetate, triethyl citrate,
vl citrate, glycerides, acetylated

Referring ag
depicted in Bl

oils, mingral ofl, eastor oil and the like.
in to the embodiment of the imvention
. 1A, the polymer matrix 11 in its non-

swelled state has 2 1ength L1 and 2 maximum diameter D1
intermediate the|ends 13 and 14, FIG. 2 shows dispensing
device 10 after |having been placed in the stomach. The

active agent formulation matrix 11 on each side of the band
15 has swelled from imbibing fluid from the stomach and
begun to erode,| thereby reloasing active agent 12 to the
stomach envirogment. In contrast to the exposed segments
of the swollen pplymer matrix 11, band 18 and the portion

of the polymer matrix ben¢ath it have not swelled to such an
extent. Accordingly, that segmem of the polymer matrix
surrounded by Band 15 is mamtamed in a constrained and
more compressed, non—swo]len state than the unbanded
portion of the matrix. Since band 15 does not take up an
appreciable amdunt of fuid from the stomach and swell,

band 15 retains ifs substantially rigid or semi-rigid form, and

provides an ele

whole. While it

meat of rigidity to the dosage form as a
is not entirely clear how band 15 and the

constrained segment of polymer matrix 11 facilitate reten-
tion of the dosage form in the stomach through housekeep-
ing waves, it is|thought that the band reduces the rate of
erosion of the polymer matrix, thus maintaining a larger
effective size of the dosage form and reducing the chance for
its expulsion from the stomach, for a longer period of time
than would otherwise occur if the band was not present.
Additionally, the presence of the band on the polymer matrix
provides a semj-rigid segment of the dosage form that
appears {0 Cause the dosage form to be retropelled into the
main area of the stomach as a reaction to the stomach
contractions rather than being expelled by the housekeeping

wave, as a less

rigid gel would be inclined to be.

After swelling, the dosdge form 10 hias a length L2 dnd a

maximum diam
swollen polyme
the largest dims
equivalent fo the

eter D2 measured at the widest part of the
r matrix. Generally, for human applications
ension of. the device In the swollen state
diameter, D2 should be greater than 7 mm,

preferably 10 mm or greater, and most preferably 13 mm or
greater during the period of residence in the stomach when
active agent is|being dispensed. Since the active agent
formulation is intended to remain in the stomach for a
sustained retenjlou penod the effective’ dlameter of the
active agent dosage form in when in its swollen state in the
stomach may have to be significantly larger than 13 mm, and
may extend to more that 50 mm or greater. Larger dosage
forms may be appropriate particularly when the polymer
matrix is designed to erode relatively rapidly over time in
order to provide the required delivery of active agent for
therapeutic effect. For applications in animals other than
humans, for ¢xample in dogs, the maximum diameter should
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be greater than about 2 mm. The maximum dimension for
any particular dosage formy will depend on the particular
application and animal in which the device is being used,
Such dimensions can be determined by those skilled in the
art in accordance with the teaching hergin and the various
patents and publications noted herein and existing in the
related art. A practical consideration; particularly for oral
administration to humans, is that the initial size of the device
be such that il can be reasomably, comfortably swallowed.
For human oral applications, a preferred size of the device
in its form prior to’administration to the stomach would be
on the order of a size 000 capsule to a size 5 capsule.
However, it is undetstood that smaller or larger sizes could
be used for particular applications where necessary. Since
the dosage forms of the invention may be gel-forming, it
may be desirable to wet the outer surface of the dosage form
immediately prior to the subject swallowing the dosage form
in order to provide a more slippery outer surface and
promote ease of swallowing. Alternatively, the matrix core
can be inserted into a hard gelatin capsule prior to applica-
tion of the band in order to facilitate swallowing and also
promote e¢ase of maaufacture in applying and forming the
bands. Upon entering the stomach, that porticn of the hard
gelatin capsule that is not covered by the band will dissolve,
exposing the polymer matrix to fluid in the stomach. As the
polymer matrix imbibes fluid, the dosage form will swell in
the exposed segments as previously described. The dosage
form typically is prepared to allow for swelling at a con-
trolled rate, particularly at 2 limited initial rate, so that the
dosage form does not swell inordinately during the swal-
lowmg process and result in’ obstruction of the esophagus.
1t is preferred that the dosage forms of this invention be
administered when the subject is in the fed state to allow
time for magimum swelling of the polymer matrix prior to
the housckeeping wave being initiated. Generally a meal
size that results in a delay of the housekeeping wave of from
about 1 to 3 hours is satisfactory. It may be preferable to
administer one or more of the dosage forms at the start of
each dosing peried, depending on the size of the dosage
form, to facilitate swallowing and yet provide sufficient dose
of active agent, Particularly in those instances where the
dosage form Is near the lower end of the size range, ie., the
maximum diameter along the longitudinal axis is on the
order of 7-13 mm, it is preferable that the dosage form be
administered to the subject in the fed state to allow for
significant swelling of the dosage form prior to the house-
keeping wave occurring. Typically, administration will
occur with the meal or within two hours thereafter, and
preferably within one hour of completion of the meal.
Depending on the half-life of an active agent, once-a-day
dosing could convenienily oceur with or after dinner, For
bid. (e, twice-a-day) dosing to a human subject, the
dosage form can conveniently be administered with or after
breakfast and dinner, but, if after, preferably within one or
two hours after conclusion of the meal. For more frequent
administration, such as tid,, the dosage form may be
administered after breakfast, lunch and dinner, For admin-
istration within usual meal patterns, it is desirable that the
subject consume small amounts of food or liquids prior to
administration of the dosage form. The dosage form may be
administered prior to the taking of food if administered with
a sufficient quantity of liguid so as to delay onset of the
housekeeping wave, until consumption of food is initiated.
To facilitate retention of the dosage forms of the
invention, parucularly if the dosage form is to be adminis-
tered to a subject in the fasted state, it may be desirable to
komibine one or more gastric-emptying delaying agents with
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the active agent composition or coat the dosage form with a
composition coptaining a gastric-emptying delaying agent,
i.¢., a substance that delays onset of the housekeeping wave
of the IMMC. Examples of agents for delaying onset of the
housckeeping wave, preferably locally delivered by the
dosage form in amonnts not resulting in any substantial
systemic effect 1o the subject, as for example, anticholener-
gic agents such as propantheline, and other agents including,
but got limited to, methyleellulose, guar gum, fats such as
triglyceride esters, e.g., tristhanol myristate, fatty aclds of
10-15 carbon atoms, and the like.

FIGS. 3A and 3B show dosage form 10 after a length of
time in the fluid environment of the stormach. Polymer
matrix 11 has eroded af the exposed suiface of the matrix,
1.e., those portions of the matrix not covered by the insoluble
material 15 10 such an extent that the device 10 is smaller
than its initial swollen configuration. Erosion of the matrix
will continue to deliver active agent (o the stomach until the
matrix has substantially eroded so that no significant armount
of active agent remains or has eroded to such an extent that
the remainder of the dosage form is expelled from the
stomach, Band 15 will be expelled from the stomach sither
alone if it has separated from the dosage form at some time
near the end of the delivery period or as part of the remainder
of the dosage form expelled from the stomach. In some
applications, it may be desirable to form band 15 with
weakened portions so that band 15 splits and falls away from
the polymer matrix after some predetermined time in the
stomach to permit a particular release pattern of active agent
from the dosage form over the delivery period.

The polymer matrices useful in this invention can be
prepared by standard methods from the materials previously
deseribed. Typically, for example, an appropriate quantity of
an active agent or agents and the polymer ingredients are
separately passed through a screen, such as a screen having
a mesh of about 40 wires per inch, to reduce any larger sized
materials, and dry mixed. Then, a pharmaceutically-
aceeptable ligquid, having a sufficient vapor pressure to allow
subsequent drying over a reasonable period of time, for
example 24 hours, is added to the dry mixture and the damp
mass is extruded through a mesh screen (e.g. 20 wires per
inch) to further mix the materials. Examples of suitable
liquids are water, methanol, ethanol, isopropanol, acetone,
and the like. After the extrusion process, the mixture is
allowed to-dry, for example in air overnight at room lem-
perature if the active agent does not require any special
handling. After drying, the resulting material is granulated,
for sxample by passing the dried material through a mesh

.. screen (e.g., 20 wires per inch). The granules are combined
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with a suitable tableting lubricant which has been previously
passed through a mesh screen (e.g.; 60 wires per inch). The
resulting material is tumbled to produce the finished granu-
lation for the tableting process. Tablets are produced using
well known methodologies associated with horizontal and
vertical compression units using dies and punches of appro-
priate dimensions. Alternate granulation methods, for
example, fluid bed granulation or direct compression granu-
lation can be used as well and such method will be chosen
by one skilled in the art depending on the particular nature
of the materials beinig used and the conveni¢nce and pref-
erence of the fabricator.

While the foregoing process has been described with
respect to dry ingredients, including the active agent, meth-
odologies for active agents in other than the solid state can
be cmployed. For example, if the active agent is not
erystalline, but is in liquid form, the active agent may first
be encapsulated as microcapsules to provide a solid that can
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be fabricated a described above. Mlcmeucapsulatxon of the
liquid active agent can be accomplished by standard encap-
sulation techniques including, for example, spray coating,
spray drymg encapsulation, centnfugal suspension, and
phase inversion techriques as described in Polymeric Deliv-
ery Systems—Properties avid Applications, ACS Symposium
Series’ 520, edited by El-Nokaly, Piatt and Charpentier
(1993), which is incorporated herein by reference.
Additionally, liquid active agents can be absorbed into
porous clays and polymers and then further incorporated
into the polymer matrix of the dosage form.

In order to prépare a device of the present invention, the
active agent formulation is first prepared and formed into a
matrix of the desired size and shape. The matrix in its jnitial
prepared form is about the size and dimensions of a size
000" to size 5 hard gelatin capsule. The cross-sectional
shape of the matrix may be circular or may be oval,

iriangular, square, hexagonal or other shapes that are easily .

handled, especially by patients with limited dexterity. Pres-
ently preferred shapes are those in which the cross-section is
circular or oval. The ring or bands are then placed onto the
surface of active agent formulation matrix or printed onto
the surface using conventional banding or printing
techniques, such as disclosed hercin or in U.S. Pal. No.
5,534,263, which is incorporated herein by reference.
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As described above, the active agent itself may be in -

liguid, solid or semisolid form. The active agent formmlation
may contain additional materials and may be designed in a

multitude of ways to provide a specific active agent delivery

profile. In one embodiment the active agent is capable of
slow dispersion or dissolution in the stomach. In another
embodiment, the polymer matrix may contain a surfactant so
that the formulation is more readily susceptible to erosjon in
the stomach. In still another embodiment, the formulation
may mclude 2 solid surfactant and provide active agent
delivery in a finely dispersed form. In yet a further
embodiment, ‘the formulation may include coated micro-
spheres of an active agent or microspheres of an active agent
and an adjuvint. The active agent cither alone or with
adjuvant can be delivered simultaneously from the micro-
spheres either by diffusion or by osmosis. Suitable materials
useful as active agent carriers and excipients are known in
the art and are disclosed in U.8. Pat. Nos. 4,595,583 and
4,874,388, for example. For active agents that may tend to
degrade in the sfomach, the active agent can be enterically
goated to protect the active agent it passes to the small
intestine in accordance with conventional coating methods.

The lerms “active agent” and “drug” are used inler--

changeably herein and refer to an agent, active agent,
compoundl, composition of matter or mixture thereof which
provides some pharmacologic, often beneficial, effect. This
includes foods, food supplements, autrients, drugs,
antiacids, vitamins such as, for example, Vitamin C, micro-
organism attenuators and other agents that benefit the envi-
ronment of use. As used herein, the terms inclide apy
physioclogically or pharmacologically active subsiance that
produces a localized or systemic effect or effects in animals,
including warm blooded mammals, humans and primates;
domestic. household or farm animals such as cats, dogs,
sheep, goats, cattle, horses and pigs; laboratory animals such
as mice, rats and guinea pigs; zoo and wild animals; and the
like. The active agent that can be delivered includes inor-
ganic and organic compounds, including, without limitation,
active agents which act on the peripheral nerves, adrenergic
receptors, cholinergic receptors, the skeletal muscles, the
cardiovascular system, smooth muscles, the blood circula-
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tory system, synoptic sites, neuroeifector junctional sites,

inflammatories,

18

endoerine and hprmone systems, the immunological systém,
the reproductive system, the skeletal system, autacoid
systems, the alimentary and éxcretory systems, the hista-
mine systern and the central nervous system.

Suitable active agents rhay be selected from, for example,
proteins, ¢nzymes, ¢ngzyme inhibitors, hormones,
polynucleotides, nucleoproteins, polysaccharides,
glycoprotains, poproteins, peptides, polypepudcs, steroids,
hypnotics and sedatives, psychic energizers, tranquilizers,
anticonvulsants| antidepressants, muscle relaxants, antipar-
kinson agents| analgesics, immunosuppressants, anti-
antihistamines, local anesthetics, muscle
contractants, antimicrobials, antimalarials, antivirals,
antiblotics, antipbesity agents, antidiabetic agents, hormonal
agents including contraceptives, sympathomimetics,
polypeptides and proteins capable of eliciting physiological
effects, diuretigs, lipid regulating agents, antiandrogenic
agenis, antip Lrasluos, neoplastics, antineoplastics,

‘estradiol 34

antihyperglycemics, hypoglycemics, nutritional agents and
supplements, growth supplements, fats, ophthalmics, anti-

euteritis agents
Examples of

prochlorperaziy

nocaproi¢ acid
mide hydrochl
amine hydrog
isoproterenol
bethanechol ¢k
hiydrochloride,
propamide io
hydrochloride,
theophylline
diphenidol, m
maleate, phen
anisindione, di
isoflurophate,
bendroflumeth
gliclazide, td
acetohexamiy
nefazodone,
phenaglycod
methotrexate,
cotficosterone
its derivatives
methyltestostes

hydroxyprog
norgestrel; no
progesterone,

fexofenadine,
pprofen, sulindac, indoprofen, nitroglycerin,

naproxen, feng
isosorbide di

esterone acetate,

electrolytes and diagnostic agents.

active agents useful in this invention in¢lude
¢ edisylate, ferrous sulfate, albutsrol, ami-
, mecamylamine hydrochloride, procaina-
oride, amphetamine sulfate, methamphet-
hloride, ‘benzphetamine hydrochloride,
sulfate, | phenmetrazing hydrochloride,
loride, methacholine chloride, pllocarpme
atropine sulfate, scopolamine bromide, iso-
Jide, trldlhexethyl chloride, phenformin
metformin, methylphenidate hydrochloride,
cholinate, cephalexin' hydrochloride,
eclizine  hydrochloride, prochlorperazine
oxybenzamine, thiethylperazine maleate,
phenadione erythrityl tetranitrate, digoxin,

Jao'etazolamide, nifedipine, methazolamide,

azide, chlorpropamide, glipizide, glyburide,
butamide, chlorproamide, tolazamide,
le, troglitazone, orlistat, bupropion,
tolazamide, chlormadinone acetats,
ol, allopurinol, aluminum aspirin,

goetyl sulﬁsovaole, hydrocortisane, hydro-
acetate, cortisone acetate, dexamethasone and

such as betamethasone, triameinolone,
one, 17-frestradiol, ethinyl estradiol, ethinyl
methyl ‘ether, predanisolome, 17-8-
19-nor-progesterone,
ethindrone, norethisterone, norethiederone,
norgesterone, norethynodrel, terfandine,
aspirin, ac¢taminophen, indomethacin,

nitrate, propranolol, timolol, atenolol,

alprenolol, “cimetiding, clonidine, imipramine, levodopa,

selegiline,

chlorpromazine, methyldopa,

.djhydroxyphenylalanme, calcivm gluconate, ketoprofen,

ibuprofen, ¢

phalexin, erythromycm, haloperidol,

zomepirae, ferrous lactate, vincamine, phenoxybenzamine,
diltiazem, mjlrinons, ! captropril, mandol, ‘quanbenz,
hydrochlorothiazide, ranitidine, flurbiprofen, fenbufen,
fluprofen, tolmetin, slélofenac, mefenamic, flufenamic,
difuninal, nimodipine, nitrendipine, nisoldipine, nicardipine,
felodipine, lidoflazine, tiapamil, gallopamil, amlodipine,
mioflazine, lisinopril, enalapril, captopril, -ramipril,
enalaprilat, famotidine, nizatidine, sucralfate, stintidine,
tetratolol, minoxidil; chlordiazepoxide, diazepam,
amitriptyline, and imipramine, and pharmaceutical salts of
these active agents. Further examples are proteins and
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peptides which include, but are not limited to, cyclosporins
such as cyclosporine A, insulin, coichicine, glucagon, thy-
roid stimulating hormone, parathyroid and pituitary
hormones, calcitonin, renin, prolactin, corticotrophin, thy-
rotropic hormone, follicle stimulating bormone, chorionic
gonadotropin, gonadotropin releasing hormone, bovine
somatotropin, porcine somatropin, oxytocin, vasopressin,
prolactin, somatostatin, lypressin, pancreozymin, luteinizing
hormone, LHRH, interferons, interleukins, growth hor-
mones such as human growth hormone, bovine growth
hormone and porcine growth hormone, fertility inhibitors
such as the prostaglandins, fertility promoters, growth
factors, and human pancreas hormons releasing factor.

The present invention is particularly useful to deliver
| active agents that are poorly absorbed in the lower gas-
trointestinal tract, but well absorbed in the upper gastrointes-
tinal tract (i.e., the small intcstine) or active agents that
exhibit poor solubility such that the increased retention time
in the stomach allows for a greater quantity of active agent
to dissolve from the dosage form than would otherwise be
dissolved. Typically, antiviral, antifungal and antibiotic
agents, -¢.g. sulfonamides, quinolones, penicillias,
cephalosporins, aminoglycosides, and tetracyclines, are rep-
resentative classes of agents fof which the invention is
particularly useful. Such antibiotic agents may includs, for
¢xample, f-lactam antibiotics, vancomycin, clidamycin,
erthromycin, trimethoprim-sulfamethoxaazole, rifampin,
ciprofloxacin, amoxicillin, clindamyecin, ceftriaxone,
cefotaxime, chloramphenicol, clindamyein, cefoxitin,
doxyclycline, spectinowmycin, ofloxacia, rifampin,
minocyeline, doxycycline, azireonam, imipenem,
meropenem, nitrofurantoin, azithromyein, atovaguone,
trimetrexate, dapsone, primaquin, trimetrexate,
ketoconazole, floconazole, amphotericin B, itraconazole,
trifluridine, foscarnet, zidovudine amantadine, interferon
alfa, sulfonamides such as sulfisoxazole, sulfadiazine, and
sulfasalazine, quinotones and fluoroquinolones such as, for
example, cinoxacin, forfloxacin, diprofloxacin, ofloxacin,
spardlosxacin, lomefloxacin, fleroxacin, pefloxacin and
amifloxacin, gentamicin, tobramycin, amikacin,netilmicin,
kanamycin,and neomycin, Representative antjviral agents
include acyclovir, fameciclovir, foscarnet, ganciclovir,
idoxuridine, sorivudine, trifluridine, valacylcovir,
vidarabine, didanosine, stavudine, zaleitabine, zidovudine,
amantadine, interferons, e.g., interfon alpha, ribavirin,
rimantadine, nucleoside RT inhibitors, such as lamivudine
and adeforvir, non-nucleoside inhibitors such as nevrapine,
delavairidine, Iviride, saquinavir and indinavir, aucleoside
DNAp inhibitors such as famciclovir, fialuridine, cidofovir
and lobucavir, antisense oligonucleotides such as afovirsen,
receptor decoys such as sICAM-1, capsid binding agents
such as pirodavir, and neuraminidase inhibitors such as
GG167.

Specific examples of active agents that are readily
absorbed in the upper gastrointestinal tract relative to the
lower gastrointestinal tract are acyclovir, ganciclovir,
cimetidine, ranitidine, captopril, methyldopa, selegiline and
the like. Specific examples of active agents that exhibit poor
solubility in water are diphenidol, meclizine hydrochloride,
prochloperazine maleate, phenoxybenzamine, tricthylpera-
zine maleate, anisindone, diphenadione erythrityl
tetrapitrate, digoxin, isofilurophate, acetazolamide,
methazolamide, bendroflumethiazide, chlorpropamide,
tolazamide, chlormadionone acetaté, phenaglycodol,
allopurinol, alluminurri aspirin, methotrexate, acetyl
sulfisoxazole, erythromyciin, progestins, esterogenic,
progestational corticosteroids, hydrocortisone, hydrocorti-
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costérone acetate, cortisone acetate, tramcinolone,
methyltesterone, 17-beta-estradiol, ethinyl estradiol, pra-
zosin hydrochloride, ethinyl estradiool 3-methyl ether,
pednisolorie, 17-alpha-hydroxyprogesterone acetate,
19-norprogesterone, norgestrel, norethindrone,
progesterone, norgesterone, norethlynodrel, and the like.

Retention of the device of the present invention in the
stomach for a prolonged period of time make it especially
useful for the localized treatment of gastric acidity and
gastrointestinal disorders such as duodenal ulcers, péptic
uleers and chronic gastritis. Representative active agents for
such uses include cimetidine, rantitidine, famotidine,
nizatidine, zolentine, omeprazole, lansoprazole and active
agents useful for the treatrnent of Helicobacter pylori, such
as metronidazole, timidaxole, amoxicillin, ¢larithromyein,
minocycline and tetracycline.

The present invention is particularly suited to the admin-
istration -of active agents against Helicobacter pylori, ¢.g.,
antibiotics as exemplified by minocyeline, which are able to
penetrate the space between the inner stomach lining and the
stomach protective mucous layer, where the Helicobacter
pyloni organism is present, with the result of cradicating the
Helicobacter pyloni organism either totally or to such a
degree that relapse after treatment for a large portion of the
treatrent population is minimized. The increased residence
time of the active agent in the stomach provided by this
invention permits an active agent delivery period at the situs
of the organism that is longer than that provided by con-
ventional tablets and capsules, The increased efficiency and
efficacy of freatment afforded by the present invention
allows ope to treat gasiric disorders in a large number of
subjects with dosage forms having a single active agent,
preferably minocycline, Accordingly, one avoids the neces-
sity of having to employ complicated treatment regimens
directed to the elimination of the Helicobacter pylori
organism, such as thoge that utilize triple drug regimens such
as combination of a proton pump inhibitor or a bismuth
preparation with two antibiotics.

While for reasons of cfficacy, safety, economy, conve-
nience and/or efficiency it may be desirable to utilize a single
active agent in the active agent formmlation, it is to be
understood that more than one active agent may be incor-
porated into the active agent formulation in a device of this
invention, and that the use of the term “agent” or “active
agent” in no way excludes the use of two or more such
agents or active agents. The agents can be in various forms,
such as uncharged molecules, components of molecular
complexes or non irritating, pharmacologically acceptable
salts. Also, simple derivatives of the agents (such as ethers,
esters, amides, etc) which are easily hydrolyzed by body pH,
enzymes, etc, can be employed. Combinations of two or
more active agents can optionally be co-delivered, simulta-
neously or sequentially from the dosage form of this inven-
tion. For simultaneous delivery of two or more active agents,
the active agents will typically be uniformly dispersed
throughout the dosage form. For sequential delivery, differ-
ent active agents can be selectively placed within the dosage
form during its manufacture. For example, a core that
contains one active agent can be prepared, and the core
coated or formed with an outer layer containing a second
active agent. Initially, the agent in the ouler portion of the
dosage form will be dispensed, and as the dosage form
erodes in the stomach, the second active agent will be
dispensed at a later time.

The active agent dosage form may include additional
ingredients, such as, for example, a buffer or other agents for
controlling pH in the stomach or clsewhere in the gas-
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trointestinal tract, an agent or agents for delaying onset of
the housekeeping wave, preferably locally delivered by the
dosage form in amounts not resuiting in any substantial
systemic effect to the subject, as for example, anticholener-
. gic agents such as propantheline, and other agents including,
but not limited to, methyleellulose, gnar gum, fats such as
triglyceride esters, e.g., tricthanol myristate, fatty acids of
10-15 carbon atoras, and the like, a wviscosity regulating
vehicle, a surfactant, a dye, a permeation enhancer, a pro~
teinase inhibitor, or other formulation ingredients and
additives, as are known in the art. The active agent dosage
form may also includé minor amounts of low molecular
weight polymers which serve useful functions in tablet
formation, for example, to improve the tablet cohesiveness
after compression or fo improve the physical or chemical
stability of the dosage form. These polymers are added at
quarntities less than 10% by weight and preferably less that
5% by weight of the tablet, Examples of such polymers
include hydroxypropyl methyl cellulose having molecular
weights of less that 20,000 grams per mole, methycellulose
having a molecular weight of less than 20,000 grams per
mole, polyvinyl pyrrolidone having a molecular weight of
less than 50,000 grams per mole, and the like,

The amount of active agent employed in the delivery
device will be that amount necessary to deliver 4 therapeu-
tically effective amount of the agent fo achieve the desired
therapeutic result, ln practice, this will vary widely depend-
ing upon the particular agent, the degree of active agent
absorption, the severity of the condition, and the desired
therapeutic effect. Thus, it is not practical to define a
particular range for the-therapeuticdlly effective amount of
each active agent incorporated into the device. Such ranges
can easily De deterinined by one skilled in the art using
conventional methods, for example from dose ranging and
plasma level studics. Any references to specific quantitics of
active agent or specific dose ranges of active agent herein are
intended to include the amount or amounts of active agent
specified and bioequivalents thereof.

When the delivery deviee of this invention is being used
to substitute for one or more doses of an active agent
presented in a conventional dosage form that is usually
prescribed for multiple dosing during 2 predetermined
period, the sum of the amounts of active agent present in the
multiple doses of the conventional dosage form for use in the
period may be used to determine an upper limit on the of the
amount of active agent to be included in the device of this
invention. For example, if the conventional dosage form
contains 200 mg of active agent and is to be administered
every 3 hours, a dosage form of this invention may be
prepared for administration every 6 hours, and that dosage

form may countain 400 mg of active agent which will be

delivered over the 6 hour period.

However, when compliance with multiple dosing is a
problem, the advantage of adminisiering the dosage forms of
the invention at fewer times throughout a twenty-four hour
period may provide incentive to incorporate greater amounts
of active agent, where such greater amounts do not have any
deleterious cffccts. Also, in certain instances it may be
possible and preferable to use less than the sum of the
amount of active. agent present in the multiple doses in the
active agent formulation in the dosage form of the invention
where the relative absorption index of the dosage forms of
the invention for a particular active agent are high, for
example, greater that 1.0.. The active agent dosage form of
this invention will preferably have a relative absorption
index of at least 0.5, more preforably at least 0.8, even more
preferably at least 1.0 and most preferably at least 1.2, The
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- specific amount of active Egent‘to be included in the dosage

form of the invention can easily be determined by routine
dosage studies that compare the blood plasma active agent
levels of subjects with conventional dosing and the dosage
form of this invention. |

The dosage forms of this invention can conveniently
release active agent in alcontrolled and sustained manner
over a prolonged. peried, Typically, active agent will be
released from the dosage form at a rate that releascs a
therapeutically effective amount of active agent to the sub-
ject over a substantial portion of the period betwesn admin-
istration of the [dosage forms. Typically, release will oceur
over 40% of the peried between repeated administration of
, more preférably at least over 60% of the
period, and most preferably over 80% of the period.

In an especlally preferred embodiment, the invention
comprises a polymer composition having from about 10
weight percent{ to about 50 weight percent of a water-
soluble, high molecular weight polyethylene oxide polymer

and from about 10 weight percentto about 60 weight percent

of a water«insofuble hydroxypropyl cellulose polymer. The
polyethylene oxide polymer has a molecular weight of
between about 100,000 and 10,000,000 grams per mole. The

- hydroxypropyl jcellulose polymer preferably has a hydrox-

ypropyl content of between about 8~15 weight percent, and
most preferably between about 10-13 weight percent. The
composition of| this inveriﬁon is useful to prepare the active
agent dosage forms deseribed herein, and finds particular
utility with respect to the antiviral, antimicrobial and anti-
fungal active agents described herein,

The following examples are illustrative of the present
invention. They are not to be construed as limiting the scope
of the inventjon. Variations and equivalents of these
examples will be apparent to those skilled in the art in light
of the present

PREPARATION 1

An example of a active agent which reguires frequent
dosing is acyclovir, A typical dosing regimen for this anti-
viral active agent is five;doses per day administered every
four hours, A dosage form ih accordance with this invention
for twice daily|dosing of acyclovir was formulated accord-
ing to the following procedures and tested in accordance
with the procegures described in Example 1.

Eighteen grams of acyclovir and 3.6 grams of the gel-

i iiymer polyethylene oxide, having a number
average molecplar weighit of approximately 8 million grams
per mole, werg separately screened through a mesh having
ch. The polyethylene oxide is supplied under
the trade name Polyox® grade 308 as mamufactured by
Union Carbide Corparation, Danbury, Conn. The sized
active agent and polymer were dry mixed, Then, 8.25 grams
of a hydroattraetant water<ingoluble polymer, hydroxypro-
pyl cellulose having -2 hydroxypropyl content of 10-13
weight perce k and an average fiber particle size of 50
microns, was| sieved through the 40-mesh screen and
blended into the mixture. The hydroxypropyl cellulose is
supplied as Low-Substituted Hydroxypropyl Cellulose
grade i1 as manutactured by Shin-Etsu Cheémical-Company,
Lid., Tokyo, Japan. Anhydrous ethyl aleohol, specially dena-
tured formulai 3A, i.c., cthanol denatured with 5 volume
percent methanol, was added to the mixture with stirring
until a uniformly damp mass formed. This damp mass was
extruded with pressure through & screen having 20 wires per
inch. The extrudate was then allowed to air dry at room
temperature oyernight. After drying, the resulting extrudate

{
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isclosure, the drawings and the claims herein.




23
was passed again through the 20-mesh sieve, forming gran-
ules. 0.15 Grams of the tableting lubricant, magnesium
stearate, were passed through a sieve having 60 wires peor
inch. The sized 60-mesh lubricant was then tumbled into the
granules to produce the finished gramulation:

Portions of the resulting granulation were weighed and
compacted with caplet-shaped tooling on a Carver press at
pressure head of 1.5 tons. Each tablet weighed approxi-
mately 1042 mg and contained approximately 625 mg of the
active agent. The shape of the tablet had approximatcly
- cylindrical proportions. The diameter was approximately 7.6
millimeters (mm) and the length was approximately 22 mm.
A tube of polyolefin material having an outside diameter
of 7.7 mm and having a wall thickness of 0.25 mm was
sliced with a razor to produce rmgs The width of cach ring
was approximately 3 mm. One rmg was then press fifted
onto each caplet such that the ring, or band, was located
approximately at the midpoint of the length of the caplet.
‘T'his step completed the fabrication procedure of the 625 mg
-aeyclovir banded caplet.

EXAMPLE 1

One of the banded devices fabricated in Preparation 1 was
placed in a beaker of simulated gastric fluid, as specified in
U.8. Pharmacopedia/National Formulary 23/18, having a pH
of approximately 1.4 and & maintained temperature of 37° C
After one hour, the device was removed and measured for

enlarged to 10 mm. The swollen device has the general
appearance of the dosage form shown in FIG. 2.

Five samples of the dosage form from the same manu-
facturing lot were then tested for release of activé agent by
shaking at prescribed conditions in an aqueous media simu-
lating the media in the upper gastrointéstinal tract. Each
dosage form was first placed in a cylindrical, slotted basket
having inside diameter of 15 mm ‘and inside length of 52
mm. Each basket had eight slots and each slot was 12 mm
wide and 52 mm long and positioned lengthwise along the
length of the basket, The basket containing the dosage form
was then placed in 50 milliliters of simulated gastric fluid
and shaken at a frequency of 100 cycles per minutes at an
-amphmde of 3.7 em for one hour. Then, the baskets con-
taining the dosage forms were transferred to another set of
receptacles having the same fluid media composition and
volume as above and shaken for another hour. This proce-
dure was continued until nine 50 ml release receptor samples
representing nine hours of release were accumulated, After
9 hours, each basket was transferred to a fresh, single 50 ml
receptor where it was then shaken for an additional 3 hours.
‘This completed the testing period. The concentration of
active agent in the resulting receptors were then analyzed by
using ultraviolet spectrometry assay at a wavelength of 252
nanometers. The release performance data are plotted in
FIGS. 8 and 9. Release rate of acyclovir as a function of time
is plotted in FIG. 8 and the corresponding cumulative versus
time curve is plotted in FIG. 9. The time to deliver 90% of
the dose (i.e., “Tgo™") of acyclovir was 8.8 hours. It can be
observed that the dosage form of this invention releases the
antiviral drug acyclovir over a prolonged period of time.

The petformance of three dosage forms systems from the
same manufacturing lot was then evaluated in animals.
Three dogs were fed a standard meal, Then, % hout after the
meal, one banded caplet as praduced above containing 625
mg. of acyclovir was administered orally to each animal.
The plasma concentrations of active agent in the animals
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was monitored during the subsequent 12-hour period. The
concentration of active agent was quantitated within the
plasma by high pressure liquid chromatography assay. At the
completion of this 12-hour test period, the animals were
provided a one-week washout period during which time, the
level of active agent in the plasma returned to undetectable
levels. Then, each animal was administered another course
of acyclovir. This second course also consisted of 600 mg of
acyclovir but was administered in three divided doses of 200
mg each. These were administered as immediate release
doses in gelatin capsules at time zero, 4, and 8 hours, The
plasma . concentrations were again measured over the
12-hour period following the first dose.

Results of the two in vivo studies are shown in FIG. 10.
This figure represents active agent plasma concentration as
2 fupction of time produced by the dosage form of this
invention containing acyclovir compared to the standard
capsules of acyclovir, The filled circles represent data from
the standard capsules of acyclovir containing the 200 mg of
acyclovir, and the filled squares represent data from the
dosage forms of the invention ¢ontaining 625 mg of acy-
clovir, The countinuously increasing plasma profiles through
$ix hours generated by the banded caplet of the invention
indicate that is was retained in the upper gastrointestinal
tract for approximately 6 hours and active agent was deliv-
ered over a sustained retention period. This compares to the
immediate-release capsules which show absorption of active
agent in the upper tract for only about 1-3 hours, The lack
of retention of the active agent as delivered from the capsule
form is evidenced by the rapid decay in plasma concentra-
tion after each dose from the capsule.

FIG. 10 also illustrates that the single dose of 625 mg of

-acyclovir as delivered from the caplet of this invention

maintained plasma profiles for 12 hours and that the levels
were comparable to the 600 mg in divided doses. Moreover,
while the total dose delivered from the caplet was equivalent
to the total dose delivered from the capsules, the total
bioavailability of the active agent, as measured by the area
under the plasma/time curves, was sigaificantly higher from
the banded caplet than from the capsules; 94 ug h/ml as
compared to 69 ug b/ml, resulting in a relative absorption
index of about 1.36.

EXAMPLE 2

Dosage forms of this invention oontammg 625 mg of the
antiviral drug ganciclovir are prepared in accordance with
the procedures of Preparation 1. The in vitro release pattern
of six ganciclovir dosage forms is illustrated in FIGS. 11 and
12. FIG. 11 represent the release rate versus time and FIG.
12 represents the corresponding cumulative release profile.
The tirne to deliver 90% of the dose was 9.6 hours.”

The in vivo -performance of three ganciclovir dosage
forms of the invention from a single manufacturing lot is
represented in FIG. 13. The open square symbols represent
average plasma profiles of ganciclovir in three dogs result-
mg from the administration of the dosage forms as described
in Example 1. For comparison purposes, the plasma profile
of resulting from the administration of three immediate-
release ganciclovir tablets containing 208 mg of drug and
administered at 0, 4 and 8 hours, was determined and is
shown as the closed square points in FIG. 13. Although the
total doss.of ganciclovir administered over the time period
is substantislly equivalent (624 mg for the immediate-
release tablets and 625 mg for the dosage form of this
invention), the area under the plasma curve for the dosage
form of the invention is 157.7 ug/ml hr as compared to 120.8
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#g/ml hr for the three immediate-release tablets and result-
ing in a relative absorption index for the dosage forms of the
invention of 1.3, In addition to the foregoing comparison, a
single immediate-releass capsule containing 625 mg of
ganciclovir was prepared by filling a gelatin capsule using
conventional methods and administered at time zero. The
plasma profile of the drug from administration to a dog of
that formulation is represented by the closed circular points
in F1G. 13. A comparison of the area under the curve of the
dosage form of this invention to that of the 625 mg unit dose
of ganciclovir results in the dosage form of the present
invention having a relative absorption index of 1.69.
Moreover, the plasma proﬁles of ganciclovir delivered by
the dosage form of the invention produced elevated levels of
the drug in the plasma for a duration of twelve hours,
whereas the equivalent dose of the immediate release form
produced elevated levels of the drug in the plasma for only
about 6 hours. The diamond data points in FIG. 13 indicate
that the dosage form of Example 2 was expelled from the
stomach of the fasted dog prior to the dosage form swelling
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to an effective size such that the dosage form would be

retained in the stornach, thereby producing only insiguificant
concentrations of drug in the plasma during the 12-hour test
period,

EXAMPLE 3

Equivalent amounts of the following polymers are sub-
stituted for. the polysthylene oxide in Preparation 1 (ail
molecular weights are number average molecular weights in
grams per mole): hydroxypropyl cellulose (MW: 1,000,
000), hydroxypropyl methyl cellulose (MW: 254,000),
hydroxyethyl cellulose (MW: 1,300,000), sodium carboxy
methyleellulose (MW: 700,000), calcium carboxymethyl
cellulose (MW: 700,000), methyl cellulose (MW: 135,000),
and polyvinyl alcohol (Blvanol® HV), and dosage forms
with a polyethylene band are fabricated to the same dimen-
sions as described in Preparation 1 with equivalent quanti-
ties of the active agents aeyclovir, ganciclovir and minocy-
cline. The prepared dosage forrms are retained in the stomach
of a dog for a sustained retention peériod and deliver the
antiviral active agents ganciclovir and acyclovir and the
antimicrobial active agent minocycline over a prolonged
period of time.

EXAMPLE 4

Dosage forms containing equivalent quantities of the
antiviral drugs acyclovir and ganciclovir and the antibiotic
minoeycline are prepared according to the procedures in
Preparation 1, excep! that the nonwater soluble hydroatirac-
tant used is, respectively, microcrystalline cellulose
(Avicel), cross-linked sodium or calcium carboxymethyl
cellulose, cellulose fiber (Solka-Floc, Elcema), cross-linked
polyvinyl pyrrolidone (Polyplasdone XI.), cross-linked
Amberlite resin, alginates (Satialgine), colloidal
mdgnesmm -aluminum silicate (Veegum), corn starch
granules, rice starch gramules, potato starch granules, and
sodium carboxymethyl starch (Expotab Primojel). The pre-
pared dosage forms are retained in the stomach of a subject
and deliver active agent over a prolonged period of time.

EXAMPLE 5

"The following active agents are substituted, in the quan-
tities indicated in the parentheses following each active
agent listed, for the quantity of acyclovir in Example 1:
cimstidine (400 mg; 800 mg, 1200 mg, 1600 mg), ranitidine
(150 mg; 200 mg, 300 mg), captopril (12.5 mg; 25 mg; 50
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mg; 100 mg, 150/ mg), methyidopa (125; 250; 500 mg), and
selegiline (5 mg, (10 mg) and the dosage forms are prepared
in the same manngr as described in Example 1. The prepared
dosage forms arg retained in the stomach of a subject and
deliver active aggnt over a prolonged period of time.

EXAMPLE 6

Dosage f_ormsLof this invention containing 600 mg of
acyclovir are fabricated according to the procedures of
Preparation 1, except that the tablet is inserted into a size
“00” hard gelatin capsule before banding. The band is
applied by a printing process using the methods and com-
positions described in U.S. Pat. No. 5,534,263, incorporated
tierein by refergnce, wheére the band material is ethyl
acrylate/methyl |methacrylate 70:30 copolymer (Eudragtt
NE 30 D, Rohm [Tech). Th@ resulting dosage form is smooth
and easy to swallow. ‘

EXAMPLE 7

A gastric platform dosage form of the antihistamine drug,
fexofenadine hyrochloride, was prepared according to the
following procedures. 11.5 Grams of the drug, 30 grams of
polyethylene oxjde, 54 grams of low-substituted hydrox-
ypropyl cellulosg, and 3.7 grams of polyvinyl pyrrolidone
were individually passed through a sieve having 40 wires
per inch, and then the three components were tumble mixed
together for 10 minutes. The polyethylene oxide (Polyox®
WSR-N-60K supplied by Union Carbide, Danbury,
Conn.) had a molecular weight of approximately 2 million
grams per molp, the polyvinyl pyrrolidone (Povidone®
K2932 as supplied by GAF Corporation, New York, N.Y)
had a molecular| weight of approximately 45,000 grams per
mole and the hydroxypropyl cellulose (LHPC-II supplied by
Shin-Etsu Chemical Company, Tokyo, Japan) had a hydrox-
ypropyl content of approximately 11 weight percent. Anhy-
drous ethyl alcghol formula SDA 3A was slowly added to
the dry mixture with stirring until a uniform damp mass was

_formed. The damp mass was forced thorough a sigve with 20

wires per inch, forming elongated granules which were then
air dried at ambient room conditions overnight. The result-
ing dried gran:ﬂes were then passed through the 20 mesh
sieve forming more rounded granules. Then, 0.30 grams of

‘the flow-pronmjoting agent, colloidal silicon dioxide

(Aerosil® 200 supplied By Degussa Inc, New York, N.Y),
was dry mixed into the blend. Finally, 0.5 grams of the
tableting lubricant, magnesium stearite, previously passed
through a sieve having 60 wires per inch, wa$ tumble
blended into the bulk. This produced the final granulation.
Individual portions of the granulation weighing approxi-
mately 1042 mg were compressed with size 0 caplet tooling
on a Carver press with a force of about 1.5 tons. Each tablet
confained the unit dose Qf 120 mg of fexofenadine hydro-
chloride.

A solution for use in ;ﬁlm coating the tablets was then
prepared by stirring 40 grams of methyl cellulose (Methocel
Al5 LV Premjum supplied by Dow Chemical, Midland
Mich.) and 10 grams of sorbitol 950 grams of purified water

at room temper;

ature. The mixture was then chilled overnight

at 9° centigrade to complete dissolution. The tablets from

above were the

n transferred to a pharmaceutical coating pan

spray coated with the solution in a current of warmed air

until a dry film
cach tablet.
An aqueous
prepared by di
of sthyl acrylat

coating weight of 37 mg was deposited onto

dispersion for use in banding the tablets was
Iving 30 grams of ttiacetin in 174.75 grams
e mothylmethacrylate 70:30 copolymer aque~
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ous dispersion (Endragit® NE40D supplied by Rohm
Corporation, Darmstadt, West Germany). Then, 0.1 grams of
anti-foam agent (Simethicone Q7-2587, Dow . Chemical,
Midland, Mich.) was blended into the mixture, This formed
the final composition of the banding dispersion,

The film coated tablets from above were then banded by
applying a the above banding dispersion in & transfer print-
ing process using a printing wheel having a width of
approximately 100 mils (2.54 mr). The freshly banded
system was then dried in warm air to remove the water from
the aqueous dispersion, leaving a single band located in the
center of the caplet having a width of approximately 120

. wils (3.05 men) and a weight of approximately 21 mg. The
‘entire bapded system was then overcoated with more of the

agueous-based Alm coat sohition using the formulation and
process as described above until a filin coat weight of 31 mg
was applied. This completed fabrication of the dosage form.

Three of the resulting systems were tested in vitro accord-
ing to the procedures described in EXAMPLE 1 except the
ultraviolet assdy wavelength was 260.4 nanometers, The
dosage forms demonstrated a mean release rate of 10.9
mg/hr between hourly intervals 1 and 11 in the release rate
assay. The T, of the dosage form was approximately 9.8
bours démonsirating that the dosage forms released active
agent over a prolonged period of time.

Systems from this batch were then tested in four animals
according to the progedures in EXAMPLE 1, The concen-
tralion of drug in the plasma as a function of time increased
for approximately 6 hours after the initial dosing, demon-
strating retention of the dosage forms in the stomach over a
prolonged period. EXAMPLE 8

A gastric platform dosage form delivering the antibiotic,
minocyleine, for treatment of Helicobacter pylori gastritis,
gastric and duodenal ulcers, was fabricated. The procedures
for fabrication were those specified in EXAMPLE 7. 17.8
Grams of minocyeline hydrochloride, 24,6 gams of poly-

. ethylene oxide 53.8 grams of low-substituted hydroxypropyl

cellulose, 3 grams of polyvinyl pyrrolidone 0.3 grams of
colloidal silicon dioxide, and 0.5 grams of - magnesmm
stearate were granulated according to the progedures in
EXAMPLE 7. The excipients were the same as in this
exarmple except the polyethylene oside had a molecular
weight of approximately 4 million grams per mole (Polyox
WSR 301). The granulation was compressed into caplets
weighing 1042 mg where cach tablet contained a unit dose
of 185 mg of minocycline hydrochloride. The tablets were
film subcoated with a coating weight of 52 mg, banded with
a 21 mg band, and overcoated with 21 mg of film, The
compositiops of the subcoat, band, and overcoat were the
same as disclosed in EXAMPLE 7.

The resulting dosage forms were then tested in vitro using
the procedures in EXAMPLE 1 except the wavelength for

o[ ultraviolet assay was 353.4 nanometers. The dosage forms

réleased drug over a prolonged period and produced a Ty,
value of approximately 10.9 hours. The dosage forms pro-
vided a mean release rate of about 18.2 mg/hr determined
between hourly intervals 1 and 7 of the release rate assay.

Four systems from the same batch were then evaluated in
vivo according to the procedures disclosed above. An
ascending plasma concentration over a period of approxi-

mately 6 {0 8 hours was observed and indicates retention of’

the dosage forms in the stomach and delivery of drug for a
prolonged period after dosing.

The present invention is deseribed and characterized by
oné or more of the following technical features and/or

I characteristics, either alone or in combination with one or
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more of the other features and characteristics: an active
agent dosage form adapted for gastric retention that ¢om-

prises (a) a therapeutically-effective amount of an active
agent, (b) a polymer matrix in which the active agent is
dissolved or dispersed, the polymer matrix including a high
molecdular weight, water-soluble polymer and a
hydroattractant, preferably water insoluble, the polymer
matrix having an outer surface for exposure to the environ-
ment of use, (¢) a band of insoluble material circumscribing
a portion of the surface of the polymer matrix, and option.
ally a gastric-emptying delaying agent; & number average
molecular” weight of the water-soluble polymer being
between about 100,000 and 20,000,000 grams per male; the
water soluble polymier being polyethylene oxide, hydrox-
ypropyl cellulose, hydroxypropyl methyl cellulose,
hydroxyethyl cellulose, sodium carboxy methyleellulose,

- caldium carboxymethyl cellulose, methyl cellulose, pre-
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gelatinized starch, maltbdextrin, polyacrylic acid or its
sodium or potassium salts, or polyvinyl aleohol; the hydroat-
tractant being low-substituted hydroxypropyl cellulose,
microcrystalline cellufose, cross-linked sodium or calcium
carboxymethyl cellulose, cellulose fiber, cross-linked poly-
vinyl pyrrolidone, cross<linked Amberlite résin, alginates,
colloidal magresium-aluminum silicate, cross-linked poly-
acrylic acid or its sodium or potassium salts, com starch
granules, rice starch granules, potaio starch granules, or
sodium carboxymethyl starch; a gastric retentive dosage
form adapted for delivery of active agents that are relatively
insoluble or have a short absorpuon window in the small
intestine, such as where the active agent is an antiviral,

- antimicrobial or antifungal activeé agent, and especially

where the active agent is acyclovir, ganciclovir, cimetidine,

‘ranitidine, captopril, methyidopa, selegiline, minocycline or

fexofenadine or 2 pharmmaceutically acceptable salt thereof;
a palymer matrix in which the weight percent of the water
soluble polymer iu the polymer matrix is about 10 to 90

~ weight percent and weight percent of the hydroaltractant in
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the polyrmer matrix is about 5 to 70 weight percent; a dosage
form.adapted to deliver in the stomach, as a single dose and
over 4 prolonged time period, preferably at least 4 hours, and
even more preferably 8-12 hours, a therapeutically-effective
amount of an active agent, with the relative absorption index
of the dosagﬁ form being at least 0.5, and preferably at-least
1.0; & unitary compressed dispersion of a solid active agent

in a gel-forming, erodible polymer matrix having a first’
portion that swells in the stomach while maintaining its
physical integrity for a prolonged period of time and a

second, non-erodible, non-gel-forming portion for promot-
ing retention of the dosage form in the stomach over a
prolonged period of time; the water soluble polymer being
polyethylene oxide having a number dverage molecular
weight of at-least 100,000 grams per mole; a composition
comprising about § weight percent to. about 50 weight
percent of a polyethylene oxide pelymer baving 2 number
average molecular weight of between -about 100,000 and
20,000,000 gratns per mole and about 5 weight percent to
about 60 weight percetit of a hydroxypropyl callulose poly-

mer having a hydroxypropyl content of between about 10 .

weight percent and about 13 weight percent of the hydrox-
ypropy!l cellulose polymer; an active agent dosage form
adapted for gastric retention comprising an active agent
selected from the group consisting of acyclovir, ganciclovir,
metformin, bupropion, orlistat and minocycline, and a bio-
erodible polymer, wherein the dosage form releases 4 thera-
peutically effective amount of the active agent to the stom-
ach of a subject over at least 4 6 hour period; an active-agent
dosage form adapted for gastric retention comprising an

785
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active agent resérvoir adapted 1o deliver active agent over a
prolonged period to the stomach of a subject to which the
dosage form is administered and a polymer matrix including
a high molecular weight, water-soluble polymer and s
bydroattractant combined with the active agent reservoir and
adapted to expand when contacted with fluid in the stomach
of the subject and promote retention of the dosags form in
the stomach of the subject; a dosage form wherein the
polymer matrix is tubular and swrrounds the active agent
reservoir comprising & band-of insoluble material eircirn-
scribing at least a portion of the polymer matrix; delivery of
active agent from the active agent reservoir that is osmoti-
cally driven; gastric-retentive, bioerodible active agent dos-
age forms adapted 1o deliver an active agent at a controlled
rate such that the relative absorption index of the active
agent delivered is at loast 0.5; a gastric-retentive, bioerodible
active agent dosage form adapted to deliver a therapsutically:
effective amount of the active agents acyclovir, ganciclovir,
cimetiding, ranitidine, captropil, methyldopa, selegiline,
minocycline, mefformin, bupropion, orlistat and
fexofenadine, or a pharmaceutically acceptable salt thereof,
to the stomach of a subject over a sustained retention period
and bicequivalents thereof; 2 method of treating a subject in
need theroof with an active agent that comprises adminis-
tering the active sgent to the subject in an active agent
dosage form comprising a water soluble, swellable polymer
and a hydroattractant adapted for gasiric retention apnd
release of the active agent over a prolonged period; a dosage

form and method for administering at least 500 mg of

acyclovir to-a subject over at lpast a 12 hour period; a dosage
form and method for administering at least 500. mg of
ganciclovir to a subject over at ledst a 12 hour period; 2
dosage form and method for administering at least 100 mg
of minocycline to 4 patient over at least a 12 hour period; a

.
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method of administering 2 gastric retentive dosage form that

is adapted to swell in the stomach of a subject that comprises
administering the dosage form to the subject in the fed state.

The above description has been given for case of under-
standing only. No unnecessary lirnitations should be under-
stood therefrom, as modifications will be obvious to those
. skilled in the art.

| »

‘What is claimef] is: !

1. An active a@ent dosage form comprising:

an active agent|reservoir comprising an active agent, the

active ageni| reservoir being adapted to deliver the
active agent pver 4 prolonged period to a stomach of a -
subject; and ‘

a layer of polymer matrix provided around the active

agent reservoir and including a swellable, water-
soluble polymer and a water insoluble hydroattractant,
the layer of polymer matrix being configured to pro-
mote gastric| retention’of the dosage form. '

2. The dosage form of claiim 1, wherein the layer of
polymer matrix is tubular comprising at least one band of
insoluble material circumscribing at least a portion of the
layer of polymer matrix. |

* 3. The dosage form of claim 2, wherein the active agent
gured such that delivery of the active agent
from the active agent reservoir is osmotically driver.

4. The dosage fform of cﬁm 1, wherein the dosage form
is configured to deliver a therapeutically effective amount of
the active ageut at a controlled rate such that the relative
absorption index|of the active agent is at least 0.5.

8. The active ggent dosdge form of claim 1, wherein the
active agent is selectedJ from an antiviral, antibiotic,
antidiabetic, antihyperglycemic, hypoglycemic,
antidepressant, aptiobesity) and antifuingal agent.

" 6. The active agent dosage form of claim 1, wherein the
relative absorption index of the active agent is equal to or
greater than 1. \‘

7. The active agent dosage form of claim 1, further
comprising a gastric-emptying delaying agent.

8. The active agent dosage form of claim 1, firther
comprising a gas tric«emptiring delaying agent selected from
anticholonergic agents, methycellulose, guar gum, fats and
fatty acids of 10-15 carbon atoms. -

9. The active agent dosage from of claim 1, wherein the
active agent i8 selecied from acyclovir, ganciclovir,
minoeycline, cimetidine, rantidine, captopril, methyldopa,
selegiline, minocycline, fexofenidine, metformin,

istat,’ and a pharmaceutically acceptable salt
ding active agents.
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HPMC is defined as one having a molecular wexght of !
SUSTAINED RELEASE WITH HIGH AND LOW 50,000 or less
VISCOSITY HPMC

The prefersed low viscosity HPMC are available as
BACKGROUND OF THE INVENTION 5.

Dow Methocel cellulose ethers ES, E15LV, ESOLV,
AND KI00LV, The preferred high viscosity HPMC

Sustained release formulations containing a pharma- & available ps Dow Methocel cellulose ethers E4AM g
cologically active agent and. exhibiting a ‘zero. order CR, E10M CR, K4M, K15M, AND K100M. e
The ‘methote] cellulose ethers are characterized by

reledse rate are particularly useful,
Tbuprofen is a well-known analgesic which has been
used to treat chronic pain such as that associated with

their methoxy|and hydroxypropyl content and viscosity

10 as shown in the followmg tables

Methoce] Cellulose Ethers,
ES BISLV ESOLV KIOLV E4M EIOM

K4M KI5M KI00OM
Methoxyt % 2830 28-30 28530 1M '19-2‘.4 2830 19-24  19-24  15-24
Hydroxypropyl 95 - 7-12 7-12 7-12 T12 7-12 712 7-12 7-12 7-12
Viscosity cps 4-6 12-18 4060 1 10,000 4000 . 15000 100,000
(2% In water)

arthritic and rheumatic conditions. In such cases the 20
analgesic is best administered 5o as to sustain its action
over a period of time and to have a uniform level of
anelgesic action over this extended time period, This
objective can partly be achieved by the repeated admin-
istration of a rapid release dosage. However, this proce- 25
dure clearly has panent acceptability problems as well

as a repeated raising and lowering of the blood levels of
analgesic.

Generally, the release profiles in controlled release
formulations follow a classical square root of time rela- 30
tionship, i.e., the release rate decreases with time. In a
zero order composition a plot of the rate of release of
drug vs. time shows a straight horizontal line, ie,; the
release rate is independent of time, Zero order sustained
release compositions provide & more uniform delivery 35
of the therapeutic agent over long periods of time.

Sustained release formulations for .ibuprofen have
been disclosed in EP publication No. 255,404, however
the formulations disclosed do not provide for a zero
order release rate. In WO No. 87/00044 a sustained 40
release formulauon. exhibiting a bimodal controlled
release, is disclosed. The carrier base is composed of a.

"selected from

The medicament ift the present invention may be

preferably the
should be

ibuprofen, or salts of ibuprofen. Most
medicament is xbuptofen lysine which
to medn all sterecisomeric configura-

ukEn
tions including racemic ibuprofen lysine and (S)-ibu.

profen-(8)-lysi
and (S)-lysine,

It shouid be

profile is obta1

e; 1., the salt formed from (S)-ibuprofen

appreciéted that a zero order release
ned only with a certain relative range of

highto Tow
the combinati

osity HPMC. This may be illustrated by
of 1 part high viscosity EIOM CR and

a varying amount of any of the preferred low viscosity
HPMC wherein a zero order relaase was found, for

example:

(i) 1 part EIOM CR: 3 parts ES5;
(i) 1 part E10M CR: 2 to 4 parts EISLV;
(iif) 1 part EIGM CR: 3'to 9 parts ESOLV
(iv) 1 part EIOM CR: 3/to 9 parts K100LV,
These ranges are not limited to combinations where

the high vi

gsity HPMC is EIOM CR but are to be

expected with any of the other preferred high viscosity

HEMC.

bimodal hydroxypropylmethylcellulose MC) and The medicament, preferably ibuprofen lysine is mixed
the medicanent s oot from 2y mﬂm@g’;m@mp with Povidond USP (PVP) which functions as a binding
such as flurbiprofen. The publication is silent on the 45 28ent. Typically the ratio of druglto PVP is 20:1.
formulation of zero order release compositions, The -~ . LBS percentiof drug/PVP granules in the pharmaceu-
Boots Company PLC, EP No. 234,670 has disclosed o fical composition is 333 t0 83%. =
sustained reléase composition containing xanthan gum. The range of ibuprofen in this invention is preferably
wherein the medicament may be ibuprofen. The Boots 100 t0 600 mg/per tablet.-
formulation does not solve the problem of a zero order 50 Where the medicament is ibuprofen lysine the weight
release rate. range is 100 to 600 mg measured in mg ibuprofen.
_ The percent[range of HPMC carrier base is 17-66%.
DETAILED DESCRIPTION OF THE An example of the composition and processing of the
INVENTION controlled release dosage form is provided below:

The present invention is directed to a carrier base 55 . !
material for therapeutically active medicaments in a Composition:
solid dosage formulation wherein the carrier base com- " Touptofen Lysine, L
poses: , : PVP | 3.0%

(a) a high viscosity HPMC; and Carrler Base %1%

(b) a low viscosity HPMC wherein the high and low 60 Magnesium Stearate 1.0%
viscosity HPMC are in a ratio yielding a zero order Tj"’“'l_ 38.5%
release profile for the medicament, S : ‘

In the present invention it has unexpectedly been Fillers suchi as Avicel, lactose, manitol, dicalctum
found that a zerc-order release profile can be obtained  phosphate, starch or pregelatin starch 1500 may be
by controlling the ratio of high to low viscosity HPMC 65 added to the composition. Binders such as corn starch,
in a carrier base formulation, pregelatin starch 1500, Klucel LF, methocel E3, ES5,

A high viscosity HPMC is defined as one having a  gelatin or acacia may be added as necessary by those
molecular weight of 60,000 or greater. A low viscosity skilled in the art. Besides magnesium stearate, other
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' . 3
lul:Jricants such as stearic acid, sodium stearate fumerate
r ¢alcium stearate may be employed.

Processing

batch of ibuprofen lysine granules containing PVP 5
‘was prepared, An appropriate amount of granules, typi-
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TABLE I

described in copending application Ser, No. 422,466

Release Profiles of Tbuprofen Lysine Using 25% E4MCR

and 189 of 3 Low Viscosity HPMC

5% EISLV

5% B0

75% K100LV

" cally 3.21 grams was removed and mixed in a V-blender “Time MEAN MEAN MEAN
for 10 minutes with a carrier base, usually 1.71 grams, [r] ABSORBANCE ABSORBANCE ABSORBANCE .
chosen from the preferred hxgh viscosity and low vis- 0 10,0000 0.0000 0.0000
cosity HPMC. The resultant mixture was then mixed in 1 0.1125 0.1160 0.0820

i i i 2 01885 0.1933 0.1400
3 0.2570 0.2615 0.1940
4 03180 0.3230 0.2440
5 0.3735 0.4080 0.2920
6 0.4265 05200 0.3375
‘ables I-V provide release profiles for controlled ? 0.4945 0.6265 0.3360
8 0.5975 0.6820 0.4445
release tablets prepared following the processing de- 9 0.6855 0.7190 0.5045
scribed above and containing 600 mg Ibuprofen Lysine 10 0.7280 0.7405 0.5750
and. 330 mg carrier base. Dissolution determinations 11 07520 . 0.7555 0.6350
were conducted using an automated dissolution testing 12 ks pbred o
unit suck as a Beckman Spectrophotometer, model 20 " ' y
14 0.7445 0.7680 0.1513
D65, connected with a Vanderkamp 600 six-spindle 15 0.7405 8.7670 0.7695
d solution tester. Samples were taken every hour for at 16 0.7785
t 12 to 24 hours and absorbance was read spectro- g;’ g?,':;g
photometrically at 260 nm. 19 )
1 the HPMC polymers described ars available from 25 5
.th Dow Chemical Company. Racemic ibuprofen lysine 21
gy be prepared following the dascnptzon in U.8. Pat, g
Nca. 4,279,926, (S)-ibuprofen-(S)lysine is prepared as 2%
TABLE II _
Release Profiles of Ibuprofen Lysine Using Various
Ratios of E10M W Viseosity HPMC
25% EWOMCR  10% EIOMCR  25% EIOMCR 109 EIOMCR
25% EIOMCR:  33.3% EIOMCR:  20% EIOMCR: 75% ES0 90% BSOLV  75% KI0OLV  90% K100LV
%% ES 66,7% EISLY 80% E15LV MEAN MEAN MEAN MEAN
- Time MEAN MEAN MEAN ABSOR. ABSOR. ABSOR- ABSOR-
[h] ABSORBANGCE ABSORBANCE ABSORBANCE  BANCE BANCE BANCE BANCE
' £.0000 0.0010 0.0010 0.0000 00005 0.0000 0.0005.
1 0.0985 0.1140 0.1613 0.1095 0.1250 0.0750 0.1120
2 0.1670 0.1720 0:2420 £.1855 0.1960 0.1360 0.1778
3 0.2335 0.2210 0.3130 0.2570 0.2540 0.1845. 0.2325
4 0.3055 0.2630 0.3760 0.3220 0,3063 02300 0.2845
5 0.3960 0.3050 0.4345 0.3870 0.3580 0.2715 0.3325
6 0.4800 0.3450 0.5265 0.4508 0.4110 0.3125 0.3825
7 0.5630 0.3840 0.5975 0.5140 04810 0.3528 0.4360
8 0.6505 0.4220 0.6525 0.5730 0.5478 0.3505 0.4500
9 0.6875 0.4600 0.7095 0.6220 0.5990 0.4308 0.5595
10 0.7168 0.4970 0.7475 0.6645 0.6525 04730 0.6235
i 0.7235 0.5345 0.7565 0.7020 0,6888 0.5210 0.6735
12 0.7255 0.5835 0.7550 0.7255 0.7080 0.5685 7170
13 0.7260 0.6410 0.7600 0.7393 £.7200 0.6043 0.7365
14 0.72¢5 0.6915 07575 0.7510 0.7275 0.6415 0.7390
1§ 0.7240 0.7230 0.7530 0.7560 0.71310 0.6715 0.7370
16 0.7240 0.7395 0.7525 0.7600 0.7290 0.6905 0.7360
7 0.7240 0.7425 0.7520 0.7630 0.7260 07080 £0.7340
1% 0.1245 0.7438 0.7520 0.7650 0.7260 07225 07360
19 0.7255 0.7455 0.7670 0.7345
20 0.7265 0.7440 0.7680 0.7395
21 07275 0.7420 0.7700 0.7440
2 0.7290 0.7420 0.7725 0.7450
23 0.7290 0.7410 0.7740
2% 04310 07395 07755
_ TABLE III
Release Profiles of Ibuprofen Lysine Using Various
Ratios of K4M and a Low Viscosity HPMC
509 K4M 25% K4M 25% KM 25% K4M
50% ES 7% BI5LV 75% ES 75% KI100LV
Tinie MEAN MEAN MEAN MEAN
[ir] ABSORBANCE ABSORBANCE ABSORBANCE ABSORBANCE
0 0.0000 0.0000 0,0000 0.0000
1 £.1188 0.1010 0.0995 0.0815
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TABLE Iil-continued
Release Profiles of Thuprofen Lysine Using Various
Ratios of K4M and a Low Visoosity HPMC
50% K4M 25%% K4M 25% K4M 23% K4M
50% ES 5% E15LYV 75% ES 75% KI0OLV
Time MEAN MEAN MEAN MEAN
[hr] ABSORBANCE ABSORBANCE ABSORBANCE ° ABSORBANCE
2 0.1795 0.1700 0.1565 0.1390
0.2315 0.2335 0.2110 0.1895
4 0.2815 0.2905 0.2630 0.2365.
5 0.3655 0.3490 0.3130 0.2815
6 0.4095 0.4360 0.4395 0,3260
7 0.4465 0.5510 0.5270 0.3705
g 0.4925 0.6430 0.5815 0.4225
9 0.5695 0.6950 0.6305 (.4850
10 0.6550 Q.7408 0.6580 $.54358
11 0.7045 0.7560 0.6775 €.6000 -
12 0,7235 0.7565 0.6950. 0,6500
13 0.7360 0.7515 0.7060 0.6740
14 0.7400 0.7445 0.717% 0.6920
15 0.7460 0.7415 0.7245 Q0.7040
16 0.7535 0.7450 0.7260 0.7220
17 0.7528 0.7435 0.7275 0.7318
18 0.7558 - 0.7415 07270 0.7380
19 0.7605 0.7405 0.%305
20 0.7605 Q.7400 0.7305
21 0.7650 0.7425 0.7320
22 0.7635. 0.7310
23 07660 _ 4
TABLEIV.
Release Profiles of Ibuprofen Lysine Using Various
25% K15M 23% K15M 25 K1sM 25% K15M
75% ES 75% E1SL.V 5% E50 75% KIOLV
Time- MEAN MEAN | MEAN MEAN
[hvl ABSORBANCE ABSORBANCE ABSORBANCE ABSORBANCE.
0 £.0000 0.0000 0.0000 0.0000
1 (.1280 0.0935 00855 0.0950
2 02110 0.1540 0.1425 0.1640
3 0.2830 0.2085 0.1915 0.2225
4 0.3640 0.2550 0.2390 0.2740
5 0.4350 0.3070 0.2810 0.3215
[ 0.5060 0.3530 0.3265 - 0.3665
7 0.6475 0.3980 0.3970 04120
8 0.7215 0.4470 0.4890 0.4575
9 0.7360 0.550§ 0,5535 0.5040
ie) 0.7415 0.6200 0.5945 0.5485
11 0.7410- 0.665% 0.6125 0.5910
12 07395 0.6815 0.6400 0.6245
13 0.7435 0.6850 0.6590 0.64%0
14 0.7475 0.7040 0.6910 0.6650
15 0.7490 0.7250 . 0.7085 0.6845
16 0.7520 0.7368 0.7295 0.7035
17 Q. 7508 0.739% 0.7395 0.7160
18 0.7515 0.7390 0.7400 0.7235
19 0.7485 0.7405 - 0.7330 0.7308
20 0.7525. 0.740% 0.7355 0.7345
21 0.7500 0.7360 07238 0.7385
2 _ 0,7415 -
. TABLE V 55 . ' TABLE V-continued
Release Profiles of Ibuprofen Lysine Using 259 K100M Release Profiles of Ibuprofen Lysine Using 25% K100M
and 75% of a Low Viscosity HPMC., . and 75% of a Low Viscosi MC.
75% EISLV 75% E30 78% Bi5LV 75% ES0
Time MEAN MEAN Time MEAN MEAN
[hr] ABSORBANCE ABSORBANCE 60 [hr} ABSORBANCE ABSORBANCE
0 0.0000 0.0000 10 Q.4880 . 0.5940
1 0.0820 0,1008 11 05510 0.6350
2 .1330 0.1615 12 0.5945 | 0.6715
3 0,1800 0.2180 13 0.6335 | 0.7000
4 02223 02680 14 0,6650. - 0.7215
5 0.2630 0.3150 5 15 0.6950 0.7370
[ 0.3025 0.3630 16 0.7195 0.74853
7 0.340% 0.4230 17 0.7398 0.7575
8 (.3805 0.495¢ 18 0.7530 0.7655
-4 0.4240 0.5465 19 0.7680 0.7710

i
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TABLE V-continued

Relesse Profiles of Thuprofen Lysine Using 25% K100M
and 79% of a Low Viscosity HPMC.

5% E1SLV 75% E50

to

®) % methoxy=28-30,
©) % methoxy=19-24,

Time MEAN- MEAN .-
Ihr} ~ ABSORBANCE ABSORBANCE
30 0.7740 0.7755
21 0.7795 0.7770
2 0.7828 0.7785
3 0.7800
24 _ "0.7820
What is claimed is:

1, A carrier base material combined with a therapeu-

a solid sustained release pharmaceutical dosage form.

avmg a zero order release profile upon admmxstration,
arrier base material comprismg

‘.10

ticaily active medicament and shaped and compressed 15

(@) a high viscosity HPMC; haviiig a moleculdar 2

weight of 60,000 or greater; and

(b) a low wviscosity HPMC, having a molecular
weight of 50,000 or less, wherein the high and low
viscosity HPMC are in a ratio yielding a zero order
release profile.

2, A zero order release pharmaceutical formulation

is selected from a methocel cellulose ether wherein:

%ccordmg to claim 1 in which the high viscosity HPMC
(8) % methoxy=19-24, % hydroxypropyl=7-12,

viscosity = 4000 cps;

% hydroxypropyl==7-12,

viscosity = 10,000;

% hydroxypropyl==7-12,
viscosity =4,000;

(d) % methoxy=19-24, % hydroxypropyl=7-12,
- viscosity =15,000;

{¢) % methoxy=19-24,
viscosity = 100,000;

d the low viscosity HPMC is selected from 2 metho-

1 cellulose ether wherein:

(a) % methoxy=28-30,
viscosity =4-6;

(b) % methoxy=28<30, % hydroxypropyl= 7*12,
viscosity =12-18; '

) % methoxy=28—30, % hydroxypropyl=7—12,
viscosity ==40-60;

(d) % methoxy=19-24, % hydroxypropyl=7-12,
viscosity =100,

3, A zero order release pharmaceuncal formulation

% hydroxypropyl==7-12,

% hydroxypropyl="7-12,

part methocel cellulose ether wherein % methox-
and  vis-

%:curding to claim 2 wherein the high viscosity HPMC

28-30, % hydroxypropyl=7-12

E*osxty = 10,000 and wherein the low viscosity HPMC is
selected from;

{a) 3 parts wherein % methoxy=28-30, % hydroxy~
propyl=7-12, and viscosity =4-6;

{b) 2 to 4 parts wherein % methoxy=28-30, % hy-
droxypropyl==7-12, and viscosity=12-18;

{¢) 3 to 9 parts wherein % methoxy=28-30, % hy-
droxypropyl=7-12, and viscosity =40-60; or

25

35

45

50

35
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(d) 3 to 9 parts wherein % methoxy==19-24, % hy-
droxypropyl="7-12, and viscosity==100.
4. A zero order release pharmaceutical formulation

acoordmg to ¢laim 2 wherein the high viscosity HPMC
is 1 part wherein % methoxy=19-24, % hydrozy-
propyl=7—12, and viscosity=:4,000 and wherein the
low viscosity HPMC is selected from:

(a) 2 to 4 parts wherein % methoxy=28-30, % hy-
droxypropyl=7-12, and viscosity=12-18;

(b) 3 to 9 parts wherein % methoxy=28-30, % hy-
droxypropyl=:7-12, and viscosity =40-60;

() 3 to 9 parts wherein % methoxy=:19-24, % hy-
droxypropyl=7-12, and viscosity=100.

8, A zero ordér release pliarmaceutical formulation

according to claim 2 wherein the high viscosity HPMC
is 1 part wherein % methoxy=19-24, % hydroxy-
propyl=7-12, and viscosity=4,000 and wherein the
low viscosity HPMC is selected from:

(2) 1 part wherein % methoxy=28-30, % hydroxy-
propyl=7-12, and viscosity =4-6;

~ (b) 2 to 4 parts wherein % methoxy=28-30, % hy-

droxypropyl=T7-12, and viscosity=12-18;

. () 3 to 9 parts wherein % methoxyu28-—30 % hy-

droxypropyl==7-12, and viscosity =40-60;

() 3 to'9 parts wherein % methoxy==l9-24, % hy-
droxypropyl="7-12, and viscosity=100.

6. A zero order release pharmaceutical formulation

according to claim 2 wherein the high viscosity HPMC
is one part wherein % methoxy=19-24, % hydroxy-
propyl=7-12, and viscosity=15,000 and wherein the
low viscosity HPMC is selected from:

(a) 1 to 3 parts wherein % methoxy=28-30, % hy-
droxypropyl=7-12, and viscosity =4-6;

() 1 to 3 parts wherein % methoxy=28-30, % hy-
droxypropyl==7-12, and viscosity==12-18;

(c) 1 to 3 parts wherein % methoxy=28-30, % hy-
droxypropyl="7-12, and viscosity ==40-60;

(d) 3 to 9 parts wherein % methoxy=19-24, % hy-
droxypropyl="7-12, and viscosity =100,

7. A zero order release pharmaceutical formulation

according to claim 2 wherein the high viscosity HPMC
is 1 part wherein % methoxy=19-24, % hydroxy-
propyl=T-12 and viscosity = 100,000 and wherein the
low viscosity HPMC is selected from: '

(a) 1 to 3 parts wherein % methoxy=28-30, % hy-
droxypropyl="7-12, and viscosity=12-18;

(b) 1 to 3 parts wheiein % methoxy=28-30, % hy-
droxypropyl=7-12, and viscosity==40-60.

8. A zero order release pharmaceutical formulation

according to claim 2 wherein the medicament is se-
lected from:

(a) ibuprofen; or
(b) salts of ibuprofen
9. A formulation according to claim 8 wherein the

medicament is ibuprofen lysine,

10. A formulation according to claim 9 wherein the

medicament is (8)-buprofen-(S)-lysine.

11. A formulation according to claim 10 wherein the

amount of medicament as xbuprofen is 100 to 600 mg.

LR R I
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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIRECCION DE NUEVAS CREACIONES

2020 _
Bogota, D.C., B
Abogado: LAURA MICHELSEN NINO
ASUNTO: Radicacion No. 07-32749
Tramite 002
Evento 001
Actuacion 430
Oficio ~ = a0n
Folicjs | @Lgléiﬂz

Como resultado del Examen de Féndo, realizado con fundamento en el articulo 45 .

de la Decision 486 de la Comisién de la Comunidad Andina, se comunica:
Documentos estudiados:

Descripcion: Folios 6 a 23 como se radicé iniciaimente.

Reivindicaciones: Folios 24-a 29 coma se radicé inicialmente.
- Dibujos: Folios 30 a 50 como se radico iniciaimente.
- Oposiciones; Folios 124 a 268

Rta. del solicitante: Folios 271 a 276 como se radicé iniciaimente.

Prioridad: US200460614932 (2004-09-30)
US200560689631 (2005-06-10)
US200511238802 (2005-09-29)

~ Objeto de la Invencién

Titulo de la invencion: Forma farmacéutica de ibuprofeno de liberacion modificada.

Problema Técnico Planteado: Necesidad de formas farmacéuticas de liberacion
controlada para el manejo del dolor que produzca descargas inmediatas y accién

- sostenida en un tiempo mayor o igual a 8 horas.

Solucion: Forma farmacéutica de ibuprofeno que contiene un polimero hidrofilico y
una mezcla de aditivos y dicha combinacién proporciona un efecto de liberacion

_ modiﬁcada mayor ¢ igual a 8 horas.

IPC: AG1K31/19 ~ A61K9/20

Excepciones a la Patentabilidad (Art 20 D 486 literales (a) — (d))

La reivindicacion 20 establece “un método de mantener una concentracion media
en plasma de ibuprofeno de al menos 6,4ug/ml durante un tiempo de 2 a 8 horas
en una paciente, que comprende el administrar una unidad de administraciéon
Unica de la forma farmacéutica sélida segun la reivindicacion 1”.

Las reivindicaciones 21 a 24 establecen “el método de proporé:ionar una liberacion
inmediata y prolongada de ibuprofeno a un voluntario que comprende: la

-administracion al voluntario de una dosis tnica...”

o

1er Art 45 — Exp 07-32749

e
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Teniendo en cuenta lo anterior y de acuerdo ai articulo 20 D486 el cual enuncia
que los métodos terapéuticos para el tratamiento humano no son patentables,
estas reivindicaciones no seran tenidas en cuenta durante el analisis de la
solicitud,

Anélisis de la Solicitud de Patente
Reivindicaciones (Art 30 D 486, Art 22 PCT)

-Claridad:

Las reivindicaciones 1, @ y 10 hacen referencia a resultados a alcanzar y ho
definen la invencion claramente por tal razén se suglere al solicitante eliminar
- dichos péarrafos de estas reivindicaciones.

Concision:

La reivindicaciéon 1 menciona una forma farmacéutica sélida para la administracion
oral modificada de ibuprofeno de manera generai; sin embargo, se observa dentro
~ del capitulo reivindicatorio que la reivindicacién 10 define de mejor forma el objeto
a proteger mediante a la forma farmacéutica sélida (comprimido) y sus diferentes
componentes. Es asi que se sugiere al solicitante limitar la invencion llevandola a
definir el tipo de forma farmacéutica como se hace en la reivindicacion 10.

La reivindicaciones 1 y 10 establecen una forma farmacéutica sélida y un
comprimido de liberacién mod;fncada respectlvamente y en dichas
reivindicaciones:

a) Se reivindica la presencia .de un polimero hidrofilico, sin embargo no se
establece que tipo de polimero es (en el estado de la técnica se presentan
muchos tipos con diferente naturaleza (folios 6 y 7) ni la proporcién de dicho
componente lo cual es importante para definir y limitar la invencion.

b) Se reivindica una cantidad de ibuprofeno en la forma farmacéutica sélida de
300 a 800mg, debido a que en la descripcion solo se establecen ejemplos de
las concentraciones 300mg, 400mg y 600mg se solicita se limite el objeto de la

~ invencién a las concentraciones sustentadas en la descripcion.

c) Se reivindica como uno de los agentes diluyentes aminoacidos; sin embargo
solo se soporta en la descripcién el uso de dos (2) de los 20 existentes
(Ejemplos 1 a 18), por tal razén se sugiere se limite el objeto de la invencién a
los amino4cidos establecidos en la descripcion.

d) Se reivindica como uno de los agentes diluyentes una sal alcalina metalica,
dicha denominaciéon es muy amplia teniendo en cuenta que se encuentran
varios tipos de sales alcalinas dentro del estado de la técnica, asi mismo la
descripcion solo enuncia el uso de carbonato de sodio por lo cual es necesario
para definir claramente la descripcion se limite este componente.

Analisis de la(s) Oposicién(es) (Art 43 D 486)

| Argumentaciones de la Oposicién:

| Oposicion de PROCAPS S.A.

'El opositor argumenta que el objeto de reivindicacion no cumple con los requisitos
de patentabilidad dado que lo revelado, ya se encontraba en el estado de la
técnica o es posible derivarlo de la misma por lo cual carece de nivel inventivo
frente a los documentos D1: U86548083 (2003-04-15); D2: US5100675 (1992-03-
31) al considerar:
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- D1: Forma de dosificacion de un agente activo que puede contener
ibuprofeno, la cual es una matriz que comprende un polimero que se hincha
con el contacto de fluidos del estomago en la que el activo es dispersado o
disuelto. Ademas esta matriz comprende un polimero soluble en agua y un
polimero insoluble y opcionalmente excipientes no poliméricos.

- D2: Forma farmacéutica que comprende medios para retardes su entrega
que comprende una cubierta polimérica y un nucleo que comprende un
analgésico. Dicha composicion comprende celulosa microcristalina, lactosa,
estearato de magnesio y acido estearico.

l.a forma farmacéutica reivindicada se deriva de manera evidente del estado de la
técnica, particularmente a partir de los documentos combinado D1 y D2, que
proponen el mismo efecto de conformar una forma farmacéutica que incluye un
polimero con un activo tal como ibuprofeno para combinarlo con medios para
retardar su entrega en el estomago del paciente.

Oposicién de TECNOQUIMICAS S.A.

El opositor argumenta que el objeto de reivindicacién no cumple con los requisitos
de patentabilidad dado que lo revelado, ya se encontraba en el estado de la
técnica o es posible derivarlo de la misma por lo cual carece de nivel inventivo
frente a los documentos D1: WO03/063825 (2003-08-07); D2; US4877620 (1989-
10-31); D3: WO88/08299 (1988-11-03); D4: EP0297866 (1987-01-04); D5:
W099/12524 (1999-03-18); D6: EP0313328 (1989-04-26); D7: WOQ98/01117
(1998-01-15) al considerar:

- En el estado de la técnica se encuentran documentos que describen
formulaciones solidas de administracion oral con liberacién modificada de
ibuprofeno con caracteristicas que se reivindican en la solicitud

- D1: Uso de agentes alcalinos, HPMC y polimeros dentro de la formulacion

- D2: Inclusiéon de aminodcidos en la formulacién.

- D3: Uso.de excipientes como croscaramelosa, estearato de magnesio,
silice, MCC y almiddn pregelatinizado.

- D4: Uso de polimero hidrofilico (HPMC) en donde se dispersa el ibuprofeno

- D& formulaciones soélidas tipo tableta de liberacion modificada de
ibuprofeno con perfil de liberacién de 9 horas.

- D6: Liberaciébn modificada de ibuprofeno de 12 horas y derivados de
celulosa hidroxilados.

- D7: Liberacion modificada de ibuprofeno de 12 a 16 horas partiendo de 500
a 1000mg.

Posteriormente el solicitante ratifica la oposicion expresando que documentos
como D5, D6 y D7 revelan que a través de formulaciones farmacéuticas del
mismo, se consigue modificar el tiempo de liberacion de ibuprofeno de igual o
mejor manera que la formulacion de la solicitud colombiana (folio 241). Asi mismo
que en el estado de la técnica se describe gue dichos comprimidos de liberacion

‘modificada, se obtienen a través de diversas maneras. Una de las mas simples es

la incorporacién del principio activo en una matriz de naturaleza polimérica que
forme una barrera muscilaginosa que controle la difusién del principio activo o que
se erosione lentamente permitiendo la liberacion gradual del mismo (folio 242).

Es asi, que las formulaciones farmacéuticas de liberacion modificada de
ibuprofeno contenidas en el capitulo reivindicatorio carecen de nivel inventivo,
primero por tratarse de formulaciones cuya composicioén, si bien no se encuentra
descrita en su totalidad, se pueden encontrar varios de sus componentes y sus
caracteristicas incluidas en formulaciones del mismo tipo; y por ultimo, porque

1er Art 45 — Exp 07-32749



busca darle solucidén a un problema ya resuelto en el estado de la técnica de una
manera menos efectiva.

Respuestas del Solicitante:

El solicitante en su respuesta frente a lo argumentado por el opositor PROCAPS
S.A., dice:

- Laintencion de la presente solicitud no es proteger el ibuprofeno como tal.

- La anterioridad D1 difiere de la solicitud en cuanto. @ que no hay una
“banda” alrededor de la matriz polimérica del material insoluble en agua
sino una forma farmacéutica que comprende HPMC, MCC y un aditivo
inerte que esta disperso en el polimero. Ademas lo problemas a solucionar
son distintos y por lo tanto, son formas farmacéuticas distintas.

- D2 difiere a tal punto de la presente solicitud, debido a que se refiere a una
tableta con un nlcleo y una cubierta, mientras que la presente invencién se
refiere a una tableta de composmu‘m umformemente digpersable.

Un primer objeto de la presente invencién es proporcionar una forma farmacéutica
de dosis de liberacion modificada, que comprende una tableta uniformemente
dispersada de liberacién de la dosis del activo de manera inmediata inicialmente
para proporcionar después de una dosis de liberacion extendida y ninguno de los
antecedentes expuestos pueden compararse con esta, dado que la funcion, la
_-composicion y su objeto son diferentes (folio 272). '

El solicitante en su respuesta frente a lo argumentado por el opositor
TECNOQUIMICAS S.A,, dice: -

- D1, D2 difieren de la solicitud en que la presente invencion revela que es
una dosis uniformemente dispersada que comprende un polimero
hidrofilico, ibuprofeno y aditivo en disolucién y una formulacion de aditivo.

- D3: difiere en cuanto a que esta solicitud tiene una bn‘uncnonalndad mas no
una bi-capa como se muestra en dicho documento.

- D4: difiere de la solicitud en que el objeto de la presente se refiere a que
cada constituyente es uniformemente dispersado dentro del polimero,
mientras que la anterioridad se presenta en granulos.

Un primer objeto de la presente invencién es proporcionar una forma farmacéutica
de dosis de liberacion modificada, que comprende una tableta uniformemente
“dispersada de liberacién de la dosis de ibuprofeno en proporciones, de manera

inmediata inicialmente para proveer después de una dosis de liberacion extendida.
Por ello, ninguna de las anterioridades expuestas puede ser comparable con la
presente, pues no proponen uan solucion similar (folio 275).

Respuesta del Examinador Técnico:

Esta oficina considera que las Oposiciones presentada por PROCAPS S.A y
| TECNOQUIMICAS S.A. contienen argumentos validos para afectar los requisitos
de patentabilidad de la presente solicitud por lo cual se tendran en cuenta para el
“analisis de novedad y/o nivel inventivo de la presente solicitud.

Determinacion del Estado de la Técnica
El Estado de la Técnica se determiné con base en la fecha de solicitud prioritaria

- 2004-09-30 y se encontraron los siguientes documentos que anticipan el objeto de
-esta solicitud;
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{ | Fecha de
y item | Documento Titulo Publicacién
Prolongued release active agent dosage
D1 U86548083 form adapted for gastric retention 200_3'04'1 5
' Sustained release with high and low
- D2 | U85909895 viscosity HPMC | 1991-04-23

D1- Divulga forma farmacéutica de una gente activo de liberacion gastrica
modificada que esta constituido por un agente activo disuelto en una matriz
polimerica que contiene un polimero hidrofilico, un agente aglutinante y una
sustancia no polimerica soluble en agua.

D2- Describe una composicion farmacéutica en forma de tableta (comprimido)
compuesta por un vehiculo base constituido por la mezcla de hidroxipropilmetil
celulosa (HPMC) de alta viscosidad y baja viscosidad, Ibuprofeno, un agente de
union o aglutinante y otros excipientes.

Anélisis de Patentabilidad (Art 14 D486)
Novedad (Art 16 D486)

Respecto a la solicitud en estudio: La reivindicaciéon 1 establece “Una forma
farmacéutica sélida para la administracion oral modificada de ibuprofeno que
comprende:

(a) un polimero hidrofilico;

(b)de 300 a 800 mg de ibuprofeno en la forma farmacéutica sdlida
uniformemente dispersos en dicho polimero;

(c) un diluyente disperso en dicho polimero hidrofilico en una cantidad en el rango
d el 10% al 35% en peso de ibuprofeno, dicho diluyente que comprende una
sal alcalina metalica, un amino acido con una cadena lateral de neutra a
alcalina, croscaramelosa o una sal de la misma, o cualquier combinacién de
dos de dichos diluyentes; y

(d) un aditivo inerte de la formula disperso en dicho polimero hidrofilico en una
cantidad en el rango del 15% al 75% en peso de ibuprofeno, dicho aditivo de la
formula que comprende celulosa microcristalina, silice, estearato de
magnesio, acido estedrico, lactosa, almidén pre-gelatinizado, fosfato
dicalcico o una combinacién de cualquiera de los mismos.”

Las caracteristicas esenciales de la composicion de la reivindicacion 1 habian

sido divulgadas previamente en D1, es decir:

a) un polimero hidrofilico (Columna 5, linea 468 a 48; linea 56° 62; columna 22,
linea 16 a 22; columna 28, linea 12 a 16),

b) de 300 a 800 mg ibuprofeno en la forma farmacéutica sélida uniformemente
dispersos en dicho polimero (Columna 5, linea 45; columna 18, linea 11 y 51;
reivindicacién 1)

¢) un diluyente disperso en dicho polimero hidrofilico en una cantidad en el rango
del 10% al 35% en peso de ibuprofeno, diche diluyente que comprende una sal
alcalina metalica (bicarbonato de sodio), un amino &cido (arginina, glicina, etc),
o cualquier combinacién de dos de dichos diluyentes. (columna 5, linea 50 a

- 53; columna 6, linea 14 a 32); y

d) un aditivo inerte de la formula disperso en dicho polimero hidrofilico en una
cantidad en el rango del 156% al 75% en peso de ibuprofeno, dicho aditivo de la
formula que comprende celulosa microcristalina, silice 0 una combinacién de
cualquiera de los mismos.” en una cantidad en el rango del 15% al 75%
(columna 6, linea 4 a 13).

Por lo cual la reivindicaciéon no es nueva.
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Las reivindicaciones dependientes 2 -~ 9 no mencionan alguna caracteristica que
haga nueva a la composicién de la reivindicacion 1, por lo cual se considera que
no $on nuevas.

Nivel Inventivo (Art18 D486)

Respecto a la solicitud en estudio: La reivindicaciéon 10 establece “Un

comprimido de liberacidon modificada que comprende:

(a) un polimero hidrofilico;

(b)de 300 a 800 mg de ibuprofeno en la forma farmacéutica sélida
uniformemente dispersos en dicho polimero;

(c) un diluyente en una concentracion entre. el 10% y el 35% en peso de
ibuprofeno, que comprende una sal alcalina metalica, un amino &cido con
una cadena lateral de neutra a alcalina, croscarmelosa o una sal de la misma,
o cualquier combinacién de dos de dichos diluyentes; vy

(d)un aditivo inerte de la foérmula disperso que comprende celulosa
microcristalina, silice, estearato de magnesio, acido estearico, lactosa,
almidon pre-gelatinizado, fosfato dicalcico o una combinacion de
cualquiera de los mismos dicho aditivo inerte de la formula que esté
presente en dicha forma en una cantidad entre el 16% y alrededor del 75% en
peso de ibuprofeno...”

El estado de la Técnica mas cercano es D1 ya que divulga una forma
farmacéutica en forma de tableta (comprimido) de una gente activo de liberacion
géastrica modificada que esta constituido por un polimero hidrofilico (Columna 5,
linea 46 a 48; linea 562 62; columna 22, linea 16 a 22; columna 28, linea 12 a 16);
300 a 600 mg ibuprofeno (Columna 5, linea 45; columna 18, linea 11 y 51;
reivindicacion 1), un diluyente en una cantidad en el rango del 10% al
35%(columna 5, linea 50 a 53; columna 6, linea 14 a 32); y un aditivo inerte en
una cantidad en el rango del 15% al 75% (columna 6, linea 4 a 13).

De igual manera dicha composicion establece una liberacién modificada que
entrega el agente activo en cantidades terapéuticamente efectivas en el estomago
de 4 a 12 horas '

La solicitud se diferencia de D1 en que el polimero hidrofilico corresponde a una
- mezcla de hidroxipropilmetil celulogsa (HPMC) de dos pesos moleculares
diferentes. '

El Efecto Técnico que logra la diferencia es que dicha mezcla de polimeros
proporciona un efecto de liberacién inmediata y después una liberacién mantenida
de suficiente ibuprofeno para mantener niveles en sangre a lo largo de un periodo
prolongado de al menos 8 horas después de la administracion de una dosis Unica.
"El Problema Técnico Objetivo de esta solicitud es la necesidad de obtener una
forma farmacéutica de liberacién modificada,alternativa, que proporcione un efecto
de liberacién inmediata y después una liberacién mantenida para mantener niveles
terapéuticamente efectivos de ibuprofeno.

De otro lado D2 describe una composicién farmacéutica en forma de tableta
(comprimido) compuesta por un vehiculo base constituido por la mezcla de
hidroxipropilmetil celulosa (MPMC) de dos pesos moleculares diferentes (pesos
moleculares mayores de 60000 y pesos moleculares menores de 50000)
(columnas 1 y 2); Ibuprofeno en concentraciones entre 100 y 600mg
preferiblemente 600mg (columna 2, linea 49-50; reivindicacion 1); un agente de
unién o aglutinante como PVP (columna 2, linea 42 a 44) y opcionaimente
compuestos de “relleno” entre los que se encuentra celulosa microcirstalina,
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lactosa, manitol, almiddn pregelatinizado, estearato de magnesio, acido estearico,
entre otros (columna 2, linea 63 a 68).

Esta composicion. tiene como caracteristica, que proporciona una liberacion
constante (de orden 0) de ibuprofeno en un rango entre 2 y 22 horas (tablas | a V).

Es asi que el estado de la técnica disponible aporta solucidn al problema técnico
objetivo de manera apreciablemente similar y/o superior a lo reivindicado en la
solicitud, en cuanto a que para un experto medio en la materia, que tenga que
obtener una formulacion de liberacion modificada de ibuprofeno que proporcione
caracteristicas de liberacion inmediata y mantenida en el tiempo y que conozca el
estado de la técnica, seria obvio combinar la solucién propuesta en D1, con la
combinaciéon de HPC de dos pesos moleculares diferentes, llegando de esta
manera al contenido de las reivindicaciones 1 y 10 asi como sus reivindicaciones
dependientes, por lo cual el objeto reivindicado carece de nivel inventivo.

Conclusidn

Los requisitos de Patentabilidad de la presente Solicitud se encuentran afectados
asi:

N° Documentb Reivin'dicaciones afectadas Requisito que afecta
D1 U86548083 ' 1-9 Novedad
D2 | US5009895 119 Nivel Inventivo

En cumplimiento del articulo 45 de la Decisidbn 486 de la Comision de la
Comunidad Andina, se le indica que debe dar respuesta dentro del término de 60
dias contados a partir de la fecha de notificacién de la presente comunicacién. En
caso de no dar respuesta al presente requerimiento, o si a pesar de la respuesta
subsistieran los impedimentos para la concesién, se denegara la patente.

Notifiqguese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e),
del capitulo quinto del titulo primero de la Circular Unica N° 10 de 2001,

CESPEDES DE VERGEL .
evas Creaciones

ALIX CARME
Directora de

El anterior requerimiento fue notificado por fijacion en lista, de fecha
__ 125
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