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[57) ABSTRACT

A composition for use in an aqueous environment
which [comprise] comprises a formulation containing
a water-soluble pharmaceutically beneficial agent, a
water-insoluble, water-permeable film coating sur-
rounding the formulation, and particulate, water-solu-
ble, pore-forming material dispersed within the film
coating.

L » . & L

- The questions raised in reexamination request No.

90/001,344, filed Oct. 5, 1987, have been considered and
the results thereof are reflected in this reissue patent

which constitutes the reexamination certificate required
by 35 U.S.C. 307 as provided in 37 CFR 1.570(e).

1 Claim, 1 Drawing Sheet
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PHARMACEUTICAL DELIVERY SYSTEM

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue,

FIELD OF THE INVENTION

This invention relates to a device which provides the
controlled, continuous dispensing of a water-soluble
beneficial agent for a predetermined penriod of tume.
Moreover, the invention relates to such a device pow-
ered by an osmotic pumping mechanism, to the prepara-
tion of such a device and to the use of such a device in
the medical, veterinary and other fields.

BACKGROUND OF THE INVENTION

Systems for the delivery of pharmaceutically benefi-
cial agents are well known in the art. Dispensing sys-
tems which deliver their contents by diffusion through
a permeable polymer coating or wall are well known
but suffer from severe limitations. For example, many
pharmaceutically beneficial agents cannot be delivered
from such diffusion controiled devices. In many in-
stances permeation rates through the permeable poly-
mer coating are inadequate to provide useful concentra-
tions of the beneficial agent. In many others, the benefi-
cial agent has such a high molecular weight that it waill
not diffuse through the polymer coating.

Also well known are delivery systems which operate
by means of an osmotic pumping mechanism. In a typi-
cal delivery system of this type the beneficial agent is
contained within a continuous, semipermeable film, e.g.
a capsule or a film coating, having a hole of predeter-
mined size drilled therethrough. In operation the deliv-
ery system 1s piaced in the appropriate aqueous environ-
ment, e.g. the stomach or cul-de-sac of the eye, where-
upon it [imbides} imbibes water through the semi-
permeable film, thereby dissolving at least in part the
contents of the delivery system. This causes an increase
in the internal (osmotic) pressure, which resulits in dis-
solved contents being continuously pumped out of the
delivery system through the hole at a controlled raie
over a predetermined period of time.

The devices taught in the art have a number of defi-
ciencies. They are, in most case, complex devices hav-
ing multiple parts or requiring special fabrication steps.
For example, many require the drilling of a hole
through the film coating of each device. Consequently,
the delivery system itself is relatively expensive to fabn-
cate and contributes substantially to the final cost of the
product.

Prior art devices each having a single passageway
through which their dissolved contents are delivered
have other advantages. When the beneficial agent con-
tained and delivered by such a device is irritating to the
biological tissue in the region in which the device is
used, local tissue irntation could be a problem at the
locus of delivery of the agent, i.e. in the vicinity of the
hole through which the concentrated agent is pumped.

Alternatives to dnlling individual holes through the
semipermeable film have been disclosed. For example,
the use of a friable, inexpandable wall has been de-
scribed which fractures when it [imbides] imbibes
water to provide cracks and fissures through which the
contents are then delivered. Passageways provided by
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erosion of bioerodible fibers incorporated in the wall of
the delivery device have also been described.

There is a very large body of art describing the vari-
ous delivery systems. The U.S. patents below are cited
as representative of the controlled delivery system ari:
U.S. Pat. Nos. 3,845,770; 3,916,899; 4,016,880, 4,160,452
and 4,200,098.

SUMMARY OF THE INVENTION

The present invention provides a method and means
for dispensing in a controlled, continucus manner thera-
peutically effective amounts of water-soluble drugs for
a predetermined period of time to achieve a predeter-
mined useful effect in animals, especially mammals,
including in particular human beings. In one aspect a
core comprising the desired water-soluble beneficial
agent together with any desired excipient(s) including
osmotic enhancing agents is film coated with a solution
of a water-insoluble, water-permeable polymer, a wa-
ter-permeability-modifying agent (if desired) and a
water-soluble, polymer-solvent-insoluble, particulate,
pore-forming maternal.

When the pore-forming material ts soluble in the
solvent used to dissolve the poiymer, it can be sus-
pended in a pore-forming material non-solvent which 1s
compatible with the polymer solution. The polymer
solution and the pore-forming material suspension can
then be separately but simultaneously applied, as by
spray coating 1n a pan coater or fluidized bed.

In another aspect of the present invention there 1s
provided a method of suimply and reproducibly mass
producing osmotically driven, controlled release de-
vices for dispensing water-soluble beneficial agents.

It is contemplated that the controlled release device
of the present invention also has utility in non-animal
environments such as in agriculture {(e.g., for the con-
trolled delivery of fertilizers, sotl trace minerals or ele-
ments, fungicides, herbicides and the like) or other env:-
ronments in which it would come into contact with
water from time to time or continuously.

When the device of the present invention i1s used, e.g.,
by orai administration to 2 human being, it comes 1nto
contact with an aqueous environment. Water is [imb-
ided} imbibed through the semi-permeable film coat-
ing, in the process leaching out the water-soluble parti-
cles in the film coating. The [imbided] imbibed water
dissolves the water-soluble beneficial agent as well as
osmotic enhancing agents present. This sets up the os-
motic gradient which actively brings in water through
the semi-permeable membrane thereby increasing the
pressure inside the device, resulting in the saturated (or
partially saturated) solution of the beneficial agent
being pumped out through the micropassageways cre-
ated by the water dissolving the pore-forming, water
soluble particles imbedded in the film coating of the
device.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings are not drawn to scale. They are set
forth to illustrate the invention, and are as follows:

F1G. 11s a view of a controlled release tablet for the
delivery of a beneficial agent;

FIG. 2(a) 1s a sectional view taken along line 2—-2
schematically tllustrating the functional structure of the
tablet as manufactured, i.e. before use: and

F1G. 2(b) i1s the same sectional view as depicted in
FIG. 2(a) schematically illustrating the functional struc-
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ture of the tablet after the pore-forming material has
been dissolved during use.

In the drawings and specification, like parts are iden-
tified by like numbers.

DETAILED DESCRIPTION OF THE
DRAWINGS

The drawings illustrated here are intended to sche-

matically represent the controlled delivery device of
the invention and are not to be considered limiting. 10

FIG. 1 represents one example of the delivery device,
indicated by the numeral 10, a tablet for oral administra-
tion to an animal.

In FIG. 2(a) the tablet 10 of FIG. 1 is depicted in
cross-section illustrating the structure of the tablet as
manufactured. Tablet 10 comprises a water-permeable,
water-insoluble film coating 11 which may contain in
the film coating plasticizers and/or water-permeability-
modifying agents and which has dispersed therein par-
ticulate, pore-forming material 12 and 13. The individ-
ual particles of pore-forming material 12 are in substan-
tial contact with one another across the thickness of
film 11 and, when the tablet 10 is used for its intended
use, are dissolved out to form the pores 15 therethrough
as shown in FIG. 2(b). The individual particles of pore-
forming material 13 are not in contact with one another
across the thickness of film 11 and, when the tablet 10 is
used, do not form pores through film 11. The film coat-
ing 11 encompasses a core 14 which comprises at least
one water-soluble beneficial agent. Core 14 may contain
other desired excipients including osmotic enhancing
agents when 1t 1s desired to increase the osmotic pres-
sure developed within the tablet 10 when in use.

F1G. 2(b) depicts the same cross-section as shown in
FI1G. 2(a) after sufficient exposure to its environment of
use 1o dissolve the pore-former particies.

DETAILED DESCRIPTION OF THE
INVENTION

The novel controlled delivery device of the present
tnvention 1s simple in construction, permitting efficient
mass production by conventional techniques. It is sim-
ple \n operation, being no more complex to use than a
conventional tablet or capsule.

Water-insoluble, water-permeable poliymers suitable
for forming the film coating of the device of the present
mnvention include homopolymers and copolymers
which are semipermeable. By semipermeable is herein
meant permeable to solvent but not to solute, i.e., per-
meable to water but not permeable to the beneficial
agent or osmotic enhancing agent dissolved therein.
Suitable polymernic materials include cellulose esters
such as mono-, di- and triacylates including mixed es-
ters, cellulose ethers such as ethyl cellulose, nylons,
polycarbonates, poly(diaikylsiloxanes), poly(methacry-
lic acid) esters, poly(acrylic acid) esters, poly(pheny-
lene oxides), poly(vinyl alcohols), aromatic nitrogen-
containing polymers, polymeric epoxides, regenerated
cellulose and other membrane-forming material suitable
for use in reverse osmosis or dialysis application. Some
examples of such suitable film-forming materials include
cellulose acetate, cellulose diacetate, cellulose triace-
tate, cellulose propionate, cellulose acetate butyrate,
cellulose acetate propionate, cellulose tripropionate,
ethyl cellulose, nylon 6 and the like. The film coating, in
addition to being semipermeable, must not adversely
affect the beneficial agent or the animal receiving the
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device. The thickness of the film coating is desirably 10
to 300 um, preferably 25 to 250 um.

Plasticizers may be used in the semipermeable poly-
mernic film coating of the present invention. Typical
plasticizers which may be used include esters such as
the phthalates, phosphates, citrates, adipates, tartrates,
sebacates, succinates, glycolates, glycerolates, benzo-
ates and myristates, sulfonamides and the like. Specific
examples include dimethyl phthalate, dipropyl phthal-
ate, di-(2-ethylhexyl) phthalate, tributyl phosphate, tri-
acetyl phosphate, and tributyl citrate. The plasticizer
must be compatible with the other materials of the film
coating. It should also have a high degree of perma-
nence, 1.e., it should remain in the polymeric film and
not migrate to the surface to an appreciable extent. It
should also have no adverse effect on the beneficial
agent or the animal receiving the device.

The term ‘“‘water-permeability-modifying agent” as
used herein means a compound or material which when
added to the semipermeable film-forming material mod-
ifies the water permeability of the film produced there-
from, enhancing or increasing its permeability to water.
Permeability-modifying agents include the poly(alky-
lene glycols), esters and polyesters of poly(alkylene
glycols), polyhydric alcohols and esters and polyesters
of polyhydric alcohols. Specific examples of suitable
water-permeability-modifying agents include poly-
(ethylene glycols) 300, 400, 600, 1500 and 1540, poly(-
propylene glycol), 1,3-butyleneglycol, glycerine, ethyl-
ene glycol dipropionate, ethylene glycol butyrate and
the like.

The pore-forming material must be particulate in
nature, with a maximum particle size preferably not
exceeding about 500 um in its longest dimension and an
average particle size from about 1 um to about 300 um,
more preferably having an average particle size from 3
um to about 100 um. It must be soluble in water or
aqueous media and inscoluble in the organic solvent in
which the polymeric film-forming material is dissolved
during the film-coating process. Suitable pre-forming
materials include the water-soluble sugars, e.g., lactose,
sucrose, sorbitol and mannitol, and water-soluble salts,
e.g., sodium carbonate, sodium chloride, calcium chlo-
nide, potassium chloride and sodium sulfate, and the
like. When the device of this invention is intended for
pharmaceutical use, the pore-forming material should
be pharmaceutically acceptable. A portion of the bene-
ficial agent may be used as the pore-forming material,
and in certain formulations this may be preferred.

Osmotic enhancing agents are water-soluble materi-
als having a high molar water solubility (high water
solubility on a molar basis) which are capable of achiev-
ing in solution an osmotic pressure greater than that of
the aqueous environment of the device of this invention
when in use. Suitable osmotic enhancing agents include
sugars, e.g. sucrose, lactose, fructose, mannitol and the
like; salts, e.g., sodium chloride, potassium chloride,
sodium carbonate and the like; as well as other water-
soluble organic or inorganic compounds. When used in
devices for human or veterinary use the osmotic en-
hancing agents should be pharmaceutically acceptable.

The delivery devices of the present invention are
manufactured by standard techniques. In one embodi-
ment tablets, which are suitable for oral administration
to a mammal, containing the desired beneficial agent
together with standard excipients as well as osmotic-
enhancing agents, if desired, are prepared in a conven-
tional manner. They are then coated with a controlled-
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porosity, water-permeable film by spraying for example
i a rotating pan coater or fluidized-bed coater with a
solution of the film-forming polymer, plasticizer (if
desired) and permeability-modifying agent (if desired)
containing the pore-forming material suspended therein
until the desired film thickness is achieved.

Beneficial agents suitable for use in the devices of this
invention must be water soluble and produce a benefi-
cial effect when delivered from the device. Such benefi-
cial agents include pharmaceutical agents for use in
human and veterinary medicine, nutrients, pesticides,
insecticides, fungicides, herbicides, algicides, vitamins,
fertilizers, soil trace minerals or elements and the like.
Specific examples include d-pseudoephedrine hydro-
chloride; bupropion hydrochloride; soluble potassium
salts such as potassium chloride, potassium citrate, po-
tassium gluconate, and the like; chlorpheniramine male-
ate; propranolol hydrochloride; cimetidine; phenylpro-
panolamine hydrochloride; dextromethorphan hydro-
bromide; ascorbic acid; aspirin; acetaminophen, codeine
salts; methomyl, copper sulfate; ammonium nitrate and
the like.

When used in human or veterinary medicine the de-
vices of this invention may be administered in any ap-
propniate manner. For example, administration by oral,
subcutaneous impiantation, suppository insertion, inter
alia may be employed with these devices.

The following examples further illustrate but should
not be construed as limiting the invention.

EXAMPLE |

Tablets containing 100 mg bupropion hydrochloride
and 500 mg lactose were prepared using a conventional
table press. Fifty tablets were placed in a miniature pan
coater. A polymer solution was prepared by dissolving
cellulose acetate (CA 383-40 from Eastman Chemical
Products, Inc., Kingsport, Tenn.) and poly(ethylene
glycol) (Polyglycol E-400 from Dow Chemical Co.,
Midland Mich.) in acetone and adding impalpable lac-
tose (particle size: 2-20 umm) to give a mixture contain-
ing cellulose acetate:poly(ethylene glycol):lactose in
the weight % ratio of 40:40:20 and a total solids content

of 50 g/L. The polymer mixture was sprayed onto the .

tablets in the pan coater to give film-coated tablets
having a film coating weighing 27 mg each when dried.

Drug release rates were determined for the tablets by
placing them in simulated gastric buffer (pH 1.5) at 37°
C. and periodically measuring the bupropion hydro-
chloride concentration in the buffer. After 2 hr., about
45% of the bupropion hydrochloride was released; after
4 hr., about 709%: and after 6 hr., about 90%.

EXAMPLE 2

Tablets containing 100 mg bupropion hydrochloride
and 500 mg lactose were prepared using a conventional
tablet press. Fifty tablets were placed in a miniature pan
coater. A polymer solution was prepared by dissolving
cellulose acetate (CA 383-40) and poly (ethylene gly-
col) (Polyglycol E-400) in acetone and adding impalpa-
ble lactose to give a mixture containing cellulose aceta-
te:poly(ethylene glycol):lactose in the weight % ratio of
67:13:20 and a total solids content of 50 g/L. The poly-
mer mixture was sprayed onto the tablets in the pan
coater to give film-coated tablets having film coating
weighing 35 mg each when dried.

Drug release rates were determined for the tablets by
placing them in simulated gastric buffer (pH 1.5) at 37°
C. and periodically measuring the bupropion hydro-
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chlornide concentration of the buffer. After 2 hr., about
10% of the bupropion hvdrochloride was released; after
4 hr., about 25%; after 6 hr., about 40%; and after 8§ hr.,
about 55%.

EXAMPLE 3

Tablets containing 120 mg d-pseudoephedrine hydro-
chlonde, 5 mg tripolidine hydrochloride, 125 mg lac-
tose, and 28 mg starch were prepared using a conven-
tional tablet press. Fifty tablets were placed in a minia-
ture pan coater. A polymer solution was prepared by
dissolving cellulose acetate (CA 398-10 from Eastman
Chemical Products., Inc., Kingsport, Tenn.) and poly
(ethylene glycol) (Polyglycol E-400) in acetone and
adding powdered sodium carbonate (particle size:
30-200 um) to give a mixture containing cellulose
acetate:poly(ethylene glycol):sodium carbonate in the
weight % ratio of 40:40:20 and a total solids content of
30 g/L. The polymer mixture was sprayed onto the
tablets in the pan coater to give film-coated tablets
having a film coating weighing 64 mg each when dried.

Drug release rates were determined for the tablets by
placing them in simulated gastric buffer (pH 1.5) at 37°
C. and penodically measuring the drug concentration.
After | hr., about 33% of the d-pseudoephedrine hydro-
chlonde and 32% of the triprolidine hydrochloride was
released; after 2 hr., about 539% of each drug was re-
leased; after 3 hr., about 71% and 74%, respectively;
and after 4 hr., about 97% and 85%, respectively.

- It will be appreciated from the foregoing that what
we will claim may comprise any novel feature described
herein, principally, but not exclusively, for example:

(a) A delivery system for the controlled release of a
water-soluble beneficial agent comprising (i) a core
contaiming said agent and (optionally) an osmotic
enhancing agent and excipients, and (ii) encompass-
ing said core a water-insoluble, water-permeable,
polymeric film containing discrete, water-soluble,
particles which during use of the system dissolve in
the aqueous environment thereof to leave pores in
said film, and (optionally) containing a water-
permeability-enhancing amount of a water-permea-
bility-modifying agent and a plasticizer;

(b) A method of prepating a device as defined in (a)
above substantially as hereinbefore described:

(c) A method of delivering a water-soluble beneficial
agent in a controlled, continuous manner using a
device as defined in (a) above.

What we claim is:

[1. A tablet comprising a core containing the admix-
ture of a water-soluble medicine and a water-soluble
osmotic enhancing agent in an amount by weight about
equal to or greater than the weight of the medicine, said
core having a water-insoluble, water-permeable coating
surrounding said core, said coating-containing particu-
late, water-soluble, pore-forming material dispersed
therein.}

[2. The tablet of claim 1 in which the osmotic en-
hancing agent is a pharmaceutically acceptable water-
soluble sugar or salt.} o

[3. The tablet of claim 2 in which the pore forming
material dispersed in the coating is a pharmaceutically
acceptable water-soluble sugar or sait. ]

[4. The tablet of claim 1 in which the osmotic en-
hancing agent and the pore-forming material are both
lactose. ]

[5. A composition comprising a core containing the
admixture of a water-soluble medicine and a water-solu-
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ble osmotic enhancing agent in an amount by weight
about equal to or greater than the weight of the medi-
cine, said core having a water-insoluble, water-permea-
ble coating surrounding said core, said coating contain-
ing particulate, water-soluble pore-formming maternal
dispersed therein and an agent to increase the water
permeability of the coating dispersed therein. }

6. The composition of claim § wherein the water
permeability increasing agent is polyethylene glycol.]
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7. A controlled release composition for oral administra-
tion comprising bupropion hydrochioride in solid sustained
release pharmaceutical carrier, said composition releasing
about 10% to 45% of bupropion hydrochloride within two
hours, releasing about 25% to 70% of bupropion hydro-
chloride within four hours, and releasing about 40% to
90% of bupropion hydrochloride within six hours, as mea-
sured in simulated gastric buffer witha pH of 1.5 at 37" C.

. ®
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