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(57) ABSTRACT 

A method for controlling the release of at least one thera 
peutically, prophylactically and/or diagnostically active sub 
stance into an aqueous medium by erosion of at least one 
surface of a pharmaceutical composition. The method com 
prises adjusting the concentration and/or the nature of the 
ingredients making up the matrix composition in such a 
manner so as to obtain an approximately Zero order release 
of the active substance from the pharmaceutical composition 
When subject to an in vitro dissolution test as described 
herein. The composition comprises i) a matrix composition 
comprising a) a polymer or a mixture of polymers that may 
be substantially Water soluble and/or crystalline, b) an active 
substance and, optionally, c) one or more pharmaceutically 
acceptable excipients, and ii) a coating. Typical polymers are 
PEO. The coating comprises a ?rst cellulose derivative 
Which is substantially insoluble in the aqueous medium, and 
at least one of a) a second cellulose derivative Which is 
soluble or dispersible in Water, b) a plasticiZer, and c) a ?ller. 
The active ingredient may be carvedilol. Stable solid dis 
persions of active substances having loW Water solubility are 
also disclosed. 
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POLYMER RELEASE SYSTEM 

FIELD OF THE INVENTION 

[0001] The present invention relates to a novel method for 
controlling the release of a therapeutically, prophylactically 
and/or diagnostically active substance from a pharmaceuti 
cal composition into an aqueous medium. The pharmaceu 
tical composition is a coated matrix composition in Which 
the matrix composition comprises a) polymer or a mixture of 
polymers, b) an active substance and, optionally, c) one or 
more pharmaceutically acceptable excipients. In a speci?c 
embodiment, the polymer is a substantially Water soluble or 
crystalline polymer or a mixture of substantially Water 
soluble and/or crystalline polymers. The coating remains 
intact during the release phase and may thereafter crumble 
and/or erode. Furthermore, the coating covers the matrix 
composition in such a manner that only a speci?c surface 
area of the matrix composition is subject to erosion in an 
aqueous medium, i.e. the surface area from Which the active 
substance is release is kept substantial constant during the 
time period 

[0002] The method is based on the ?nding that it is 
possible to control the release from such a composition by 
ensuring that the release predominantly takes place by 
erosion. In order to ensure erosion based release, a balance 
must be obtained betWeen the diffusion rate of Water into the 
matrix composition and the dissolution rate of the matrix 
composition. 
[0003] The invention also relates to a pharmaceutical 
composition, Which provides Zero order release based on 
controlling the balance betWeen matrix erosion rate and 
diffusion rate in the matrix. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0004] During the last decades many different systems for 
modifying the release of an active drug substance from a 
pharmaceutical composition have been developed. Most of 
them aim at obtaining a Zero or a ?rst order release rate of 
the active substance from the composition. Zero order 
release rate (i.e. constant release of the active substance With 
time) seems to be very dif?cult to obtain from a pharma 
ceutical composition. The present invention is based on a 
polymeric matrix composition, Which is construed to deliver 
the active substance in a Zero order release manner. The 
present invention is a further development based on the 
Applicant’s previously described drug delivery systems, see 
eg EP-B-O 406 315, EP-B-O 493 513, EP-B-O 740 310 and 
WO 99/51208 the disclosure of Which is hereby incorpo 
rated by reference. 

[0005] In particular, it has surprisingly been found that it 
is possible to obtain Zero order release from a polymeric 
matrix composition Without any content of a Water dispers 
ible or Water soluble surface active agent or a mixture of 
such surface active agents Which has at least one domain 
Which is compatible With the polymer in the polymer matrix 
composition and at least one other domain Which is sub 
stantially lipophilic and Which has a melting point that is 
loWer than the polymer used in the polymeric matrix com 
position. The presence of such a substance (e.g. like PEG 
400 monostearate or PEG 2000 monostearate) has been 
contemplated to function as a so-called repair medium. Such 
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a repair medium has a substantially hydrophilic domain, 
Which gives it af?nity to the (crystalline) polymeric phase, 
thereby ?lling in domains betWeen grains and cracks in the 
polymer matrix and reducing the Water af?nity of these 
domains and in the polymer matrix itself. Water diffusion in 
the interface betWeen the polymer crystals is thereby sub 
stantially eliminated, thus substantially limiting diffusion of 
Water into the composition to the surface layer of the matrix, 
so that erosion of the composition is predominantly effected 
by the dissolving action of the aqueous phase on a surface 
or surfaces of the composition exposed to the aqueous 
medium. In other Words a repair medium seems to prevent 
the diffusion of Water in the polymer matrix composition. 

[0006] HoWever, in certain cases, the present inventors 
have observed that inclusion of a Water soluble surface 
active agent has a negative impact on the mobility and/or 
stability of a composition. 

[0007] HoWever, the present inventors have found that it is 
possible to obtain a Zero order release from a polymer matrix 
composition although Water may be able to diffuse into the 
matrix. When Water diffuse into the polymer matrix com 
position a resulting boundary layer (or sWelling layer) can be 
formed at the surface of the matrix composition, Which is 
exposed to the aqueous medium. In general the diffusion of 
an active substance through such a boundary layer is impor 
tant for the release of an active substance and, accordingly, 
the thickness of the boundary layer is important for the 
release rate. HoWever, the present inventors have found that 
it is possible to eliminate or substantially eliminate the 
impact of the boundary layer on the release rate of the active 
substance from a polymer matrix composition by ensuring 
that the thickness of the boundary layer is relatively small 
and/or that the release of the active substance from a 
polymer matrix composition is governed by erosion of the 
composition and the diffusion of the active substance 
through the boundary layer, if any, has no or only a small 
impact on the overall release rate. 

[0008] The present inventors have found that When Water 
is alloWed to diffuse into a polymer matrix composition Zero 
order release is obtained When the release rate is governed 
or controlled by erosion of a constant surface area per time 
unit. In order to ensure that the erosion of the polymer matrix 
composition is the predominant release mechanism, the 
inventors have found that it is necessary to provide a 
polymer matrix composition Which has properties that 
ensures that the diffusion rate of Water into the polymer 
matrix composition substantially corresponds to the disso 
lution rate of the polymer matrix composition into the 
aqueous medium. Thus, by adjusting the nature and amount 
of constituents contained in the polymer matrix composition 
along this line the present inventors have obtained polymer 
matrix compositions, Which release the active substance by 
a Zero order release mechanism. The compositions 
employed are coated in such a manner that at least one 
surface is exposed to the aqueous medium and this surface 
has a substantially constant or controlled surface area during 
erosion. In the present context controlled surface area relates 
to a predetermined surface area typically predicted from the 
shape of the coat of the unit dosage system. It may have a 
simple uniform cylindrical shape or the cylindrical form can 
have one or more tapered ends in order to decrease (or 
increase) the initial release period. 
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[0009] Accordingly, the present invention provides a 
method for controlling the release of at least one therapeu 
tically, prophylactically and/or diagnostically active sub 
stance into an aqueous medium by erosion of at least one 
surface of a pharmaceutical composition comprising 

[0010] i) a matrix composition comprising a) a polymer 
or a mixture of polymers, b) an active substance and, 
optionally, c) one or more pharmaceutically acceptable 
excipients, and 

[0011] ii) a coating having at least one opening expos 
ing at the one surface of said matrix, the coating 
comprising 

[0012] a) a ?rst cellulose derivative Which has ther 
moplastic properties and Which is substantially 
insoluble in the aqueous medium in Which the com 
position is to be used, and at least one of 

[0013] b) a second cellulose derivative Which is 
soluble or dispersible in Water, 

[0014] c) a plasticiZer, and 

[0015] d) a ?ller, 

[0016] the method comprising adjusting the concentration 
and/or the nature of the ingredients making up the matrix 
composition in such a manner that the diffusion rate of the 
aqueous medium into the matrix composition corresponds to 
about 100%:30% such as, eg about 100%:25%, about 
100%:20%, about 100%:15% or about 100%:10% or 
about 100% of the dissolution rate of the matrix composition 
so as to obtain a Zero order release of at least about 60% W/W 
such as, eg at least about 65% W/W at least about 70% W/W, 
at least about 75% W/W, at least about 80% W/W, at least 
about 85% W/W, at least about 90% W/W, at least about 95% 
W/W or at least about 97 or 98% W/W of the active substance 
from the pharmaceutical composition When subject to an in 
vitro dissolution test as described herein. 

[0017] In a speci?c embodiment, the polymer is a sub 
stantially Water soluble or crystalline polymer or a mixture 
of substantially Water soluble and/or crystalline polymers 

[0018] By use of such a method it is possible already 
during the developmental Work to test various polymer 
matrix compositions With respect to diffusion rate of Water 
into the composition and to dissolution rate of the polymer 
matrix composition in an aqueous medium. Based on such 
results adjustment of eg the concentration and/or nature of 
the individual constituents in the composition may be per 
formed until the diffusion rate balance the dissolution rate. 
In such a manner, a relatively simple instrument has been 
provided in order to ensure a Zero order-release rate from the 
?nal composition. 

[0019] In another aspect, the invention relates to a phar 
maceutical composition for controlled release of at least one 
therapeutically, prophylactically and/or diagnostically active 
substance into an aqueous medium by erosion of at least one 
surface of the composition, the composition comprising 

[0020] i) a matrix composition comprising a) a polymer 
or a mixture of polymers, b) an active substance and, 
optionally, c) one or more pharmaceutically acceptable 
excipients, and 
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[0021] ii) a coating having at least one opening expos 
ing at the one surface of said matrix, the coating 
comprising 

[0022] a) a ?rst cellulose derivative Which has ther 
moplastic properties and Which is substantially 
insoluble in the aqueous medium in Which the com 
position is to be used, 

[0023] and at least one of 

[0024] b) a second cellulose derivative Which is 
soluble or dispersible in Water, 

[0025] c) a plasticiZer, and 

[0026] d) a ?ller, 

[0027] and the concentration and/or the nature of the 
ingredients making up the matrix composition has been 
adjusted in such a manner that the diffusion rate of the 
aqueous medium into the matrix composition corresponds to 
about 100%:30% such as, eg about 100%:25%, about 
100%:20%, about 100%:15% or about 100%:10% or 
about 100% of the dissolution rate of the matrix composition 
so as to obtain a Zero order release of at least about 60% W/W 
such as, eg at least about 65% W/W at least about 70% W/W, 
at least about 75% W/W, at least about 80% W/W, at least 
about 85% W/W, at least about 90% W/W, at least about 95% 
W/W or at least about 97 or 98% W/W of the active substance 
from the pharmaceutical composition When subject to an in 
vitro dissolution test as described herein. 

[0028] In a speci?c embodiment, the polymer is a sub 
stantially Water soluble or crystalline polymer or a mixture 
of substantially Water soluble and/or crystalline polymers 

Matrix Composition 

[0029] The pharmaceutical composition according to the 
invention comprises a matrix composition comprising 

[0030] a) a polymer or a mixture of polymers, 

[0031] b) an active substance and, optionally, 

[0032] c) one or more pharmaceutically acceptable 
excipients. 

[0033] In a speci?c embodiment, the polymer is a sub 
stantially Water soluble or crystalline polymer or a mixture 
of substantially Water soluble and/or crystalline polymers 

[0034] Polymers 
[0035] The substantially Water soluble or crystalline poly 
mer or a mixture of substantially Water soluble and/or 
crystalline polymers (in the folloWing denoted: “the poly 
mer”) typically comprises a polyglycol, eg in the form of 
a homopolymer and/or a copolymer. Suitable polymers for 
use in a composition according to the invention are poly 
ethylene oxides and/or block copolymers of ethylene oxide 
and propylene oxide. Polyethylene oxides Which are suitable 
for use in the matrix composition are those having a molecu 
lar Weight of from about 20,000 daltons, such as, e.g., from 
about 20,000 to about 700,000 daltons, from about 20,000 to 
about 600,000 daltons, from about 35,000 to about 500,000 
daltons, from about 35,000 to about 400,000 daltons, from 
about 35 ,000 to about 300,000 daltons, from about 50,000 to 
about 300,000 daltons, such as, eg about 35,000 daltons, 
about 50,000 daltons, about 75,000 daltons, about 100,000 
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daltons, about 150,000 daltons, about 200,000 daltons, about 
250,000 daltons, about 300,000 daltons or about 400,000 
daltons. 

[0036] A particular suitable polyethylene oxide is one, 
Which in itself has a suitable balance betWeen the diffusion 
rate of Water into the polymer and a dissolution rate of the 
polymer. Suitable examples are polyethylene oxides having 
a molecular Weight of about 35,000 daltons, about 50,000 
daltons, about 100,000 daltons, about 200,000 daltons, about 
300,000 daltons and about 400,000. 

[0037] Typical block copolymers of ethylene oxide and 
propylene oxide may comprise up to about 30% W/W of the 
propylene oxide based block, and has a molecular Weight of 
about 5,000 daltons, typically about 5,000 to about 30,000 
daltons such as, eg from about 8,000 to about 15,000 
daltons. 

[0038] Polyethylene glycols (Which When the molecular 
Weight is above about 20,000 is denoted polyethylene 
oxides) are mixtures of condensation polymers of ethylene 
glycol. 

[0039] The average molecular Weight (MW) can be cal 
culated from the folloWing equation MW=(56,110><2)/hy 
droxyl number 

[0040] Where the hydroxyl number is de?ned as the 
number indicating the amount in mg of potassium hydrox 
ide, Which is equivalent to the acetic acid, Which, by 
acetylation, is bound by 1 g of a substance. 

[0041] Mixtures of PEO With different average molecular 
Weights can be used in order to obtain a PEO With a desirable 
average molecular Weight. It is important to note that in such 
cases it is necessary to use the PEO, Which have MW closest 
to the desired molecular Weight. The individual amount of 
the tWo PEO necessary to obtain a PEO With a desired MW 
can be calculated from the hydroxyl number and the equa 
tion given above. 

[0042] The polymer may have a melting point, Which is 
above the body temperature of the human or animal in Which 
the composition is to be used. Thus, the polymer(s) 
employed in the matrix composition Will suitably have a 
melting point of about 20-120° C. such as, eg from about 
30 to about 100° C. or from about 40 to about 80° C. 

[0043] Alternatively to a polymer of a polyglycol type as 
described above other polymers may be suitable for use in 
the matrix composition a). Thus, in other embodiments of 
the invention, the polymer is selected from one or more of 
the folloWing polymers: Water soluble natural polymers such 
as glucomannan, galactan, glucan, polygalacturonic acid, 
polyxylane, polygalactomannans, rhanogalacturonan, 
polyxyloglycan, arabinogalactan, and starch; Water soluble 
polymers such as PVA, PVB, methocel, Eudragit L methyl 
ester and PHPV; biodegradable polymers such as PHA, and 
PLA; hydrogels, such as olyacrylic amid, and dextran; 
copolymers such as polylactic acid With polyglycolic acid; 
and others such as alginate and pectins including loW 
methylated or methoxylated pectins. 

[0044] Active Substances 

[0045] A pharmaceutical composition according to the 
invention comprises one or more active substances, i.e. 
substances, Which are therapeutically, prophylactically, 
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diagnostically and/or biologically active substance. The 
term “active substance” as used herein broadly includes any 
compound, or mixture thereof, that can be delivered from 
the composition to produce a bene?cial result. The active 
and bene?cial agents include pesticides, herbicides, germi 
cides, biocides, algicides, rodenticides, fungicides, insecti 
cides, antioxidants, plant hormone promoters, plant groWth 
inhibitors, preservatives, disinfectants, steriliZation agents, 
catalysts, chemical reactants, fermentation agents, food 
supplements, nutrients, cosmetics, therapeutically active 
substances (drugs), vitamins, sex sterilants, fertility inhibi 
tors, fertility promoters, air puri?ers, microorganism attenu 
ators, ecological agents and other agents that bene?t the 
environment in Which they are used. 

[0046] In the present context the term “drug substance” 
includes any physiologically or pharmacologically active 
substance that produces a localiZed or systemic effect in 
animals, in particular in mammals, including humans and 
primates. Other animals include domestic household, sport 
or farm animals such as sheep, goats, cattle, horses and pigs, 
laboratory animals such as mice, rats and guinea pigs, ?shes, 
avians, reptiles and ZOO animals. The term “therapeutically, 
prophylactically and/or diagnostically active substance” 
includes the term drug substance Within its meaning. 

[0047] In the present context, the term “ecological agent” 
denotes a non-therapeutic substance that has a biological 
effect on plants or animals in the environment. An ecological 
agent may be a pesticide, such as an insecticides or herbi 
cide, a fertiliZer a pheromone, a plant groWth hormone or the 
like. 

[0048] The active substance or substances included in a 
pharmaceutical composition of the invention may be 
selected from many therapeutic categories, in particular 
from substances Which may advantageously be administered 
orally, rectally, vaginally, or administered to a body cavity 
(eg the urinary bladder, kidney pelvis, the gall bladder, the 
uterus, a central nervous system cavity, infectious/malig 
nant/post-operative cavities, etc.). 

[0049] Examples of such substances are hypnotics, seda 
tives, tranquilizers, anti-convulsants, muscle relaxants, anal 
gesics, anti-in?ammatory, anaesthetics, anti-spasmodics, 
anti-ulcer-agents, anti-parasitics, anti-microbials, anti-fun 
gal, cardiovascular agents, diuretics, cytostatics, anti-neo 
plastic agents, anti-viral agents, anti-glaucoma agents, anti 
depressants, sympathomimetics, hypoglycaemics, 
diagnostic agents, anti-cough, physic energiZers, anti-par 
kinson agents, local anesthetics, muscle contractants, anti 
malarials, hormonal agents, contraceptives, anorexic, anti 
arthritic, anti-diabetic, anti-hypertensive, anti-pyretic, anti 
cholingergic, bronchodilator, central nervous system, 
inotropic, vasodilator, vasoconstrictor, decongestant, hema 
tine, iron salts and complexes, electrolyte supplement, ger 
micidal, parasympathetolytic, parasympathethomimetic, 
antiemetic, psychostimulant, vitamin, beta-blockers, H-2 
blocker, beta-2 agonist, counterirritants, coagulating modi 
fying agents, stimulants, anti-hormones, drug-antagonists, 
lipid-regulating agents, uricosurics, cardiac glycosides, 
ergots and derivatives thereof, expectorants, muscle-relax 
ants, anti-histamines, purgatives, contrastmaterials, radiop 
harmaceuticals, imaging agents, anti-allergic agents. 




























































