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A drug delivery system

The present invention provides a novel drug delivery system for the controlled release of
therapeutically active substances at a predetermined, essentially constant release rate over
a prolonged period of time. The delivery system comprises at least one core comprising
said therapeutically active substance(s), at least one membrane encasing the core and an
intermediary layer of a substantially inert material, wherein the intermediary layer is ap-

plied between the core and the membrane or between two membrane layers.

Background of the invention

Several types of polymer based controlled release systems and a wide range of applica-
tions thereof have been presented in the literature. In most systems the mechanism control-

ling the release rate is based on diffusion, chemical reaction or solvent activation.

Diffusion controlled systems can typically be divided into reservoir, matrix and hybrid

devices.

Reservoir drug delivery devices have a polymer membrane encasing the active agent. The
active agent can be in the solid or in the liquid state, and the membrane can be
microporous or non-porous. Upon activation, the active substance diffuses through the
membrane at a controllable rate. As long as the drug core can be maintained in a saturated
solid or suspension state, the release rate of the drug will be constant versus time until

exhaustion of the active substance excess.

The saturated state would be difficult to maintain for drugs having low fluid solubility.
Further, although the requirements for constant release would be met, the release will gen-
erally not be constant in the initial and end period. When the system is placed in a release
medium, it takes a certain time for the system to reach a steady state and either a lag time
or an initial burst is observed. If the membrane does not contain drug molecules at the
time of placement, an induction period will be needed to saturate the membrane. Burst
release is often observed in reservoir systems stored for some time prior to use. During
storage the agent saturates the entire membrane. When placed in a release medium, the

agent that has diffused to the surface of the membrane is released immediately, causing a
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burst effect. Also dose dumping due to minor flaws in the coating can lead to burst release

even prior to patient administration.

Toward the end of the release period the concentration of the dissolved drug in the core

will decrease below the saturation point and as a result the release rate will decrease.

In the matrix system the drug is dissolved or dispersed in a polymer matrix. The release
rate is often proportional to the square root of elapsed time. The release behavior of these
systems is dependent on the physical properties of the drug, drug load, particle size, solu-
bility of the drug in the polymer and diffusivity in the polymer matrix. In addition, the
shape of the device, surface area and the path length of diffusion are also important pa-
rameters. With these systems the release rate will decrease with time as a result of increas-
ing path length for the drug solutes to diffuse from the center of the device to the surface.
One proposed method to improve the consistency of release is to use systems with uneven
initial drug distributions, with higher loading concentrations towards the center of the de-

vice (Lee, Polymer 25 (1984), pp. 973-978).

In a hybrid system, another type of matrix device, the active substance is homogeneously
dispersed in the polymer matrix, which is covered by a rate limiting membrane. Drug re-
lease is controlled by both the polymer membrane and the matrix. Drug dissolves first into
the core polymer, dissolved drug travels by diffusion towards the inner surface of the
membrane, dissolves in the membrane, diffuses through the membrane to the outer surface
of the membrane and dissociates finally into the surrounding media. The release rate can
be accurately adjusted with this system, but initial burst can take place and toward the end

of the release period the release rate commonly decreases.

Burst release may be the optimal mechanism of delivery in rare instances, but is often
problematic because it is unpredictable and, even when the burst is desired, the amount of
burst cannot be significantly controlled. The initial high release rates may lead to drug
concentrations near or above the toxic level in vivo. Any drug released during the burst
stage may also be metabolized and excreted without being effectively utilized. Even if no
harm is done during the burst release, this amount of drug is essentially wasted, and the

ineffective drug usage may have therapeutic and economic effects.
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Methods to prevent or minimize the burst effect in a wide range of polymer/drug systems
have been described and include for example surface extraction of the active agent prior to
in vivo usage, using double-walled microspheres with layers made of different inert or
erodible polymers, and modifying the surfaces of the drug-loaded matrix via an outer layer
of polymer coating [see for example Xiao Huang and Christopher S Brazel Journal of
Controlled Release, 73, (2-3), 2001, 121-136]. Unfortunately, many of the methods in-
volve additional costly steps, which are not necessarily suitable for pharmaceuticals and in
any case result in reduced drug loading percentages or the introduction of additional mate-

rials.

The traditional way to adjust the release rate of a drug substance in a polymer based deliv-
ery system has been to change different parameters, such as the area of the device, the
thickness of the membrane; the drug load in the core, the core and membrane material, end
capping the device or incorporating fillers into the polymer composition of the membrane.
By increasing the loading of filler, steric hindrance or diffusion path increase to slow
down the release of the active substance. For an ideal delivery system the predetermined
release rate should also remain as constant as possible during the whole life-span of the
device. This would be important to maintain the daily dosage of the drug in a therapeuti-
cally effective window long enough, and still lower the total amount of drug administered
to the patient. It would also enable reasonably low drug load in the device so that the dis-
posal of the device after the treatment period would be less problematic and would satisfy

environmental requirements.

US 5,660,848 discloses an implantable drug delivery device comprising a matrix core, an
outer layer, and an intermediate layer between the core and the outer layer. The intermedi-
ate layer is made of porous polymeric material, preferably cellulose or regenerated cellu-
lose. WO 03/017971 discloses an embodiment wherein a drug delivery system comprises
a core and two elastomer membrane layers of different thickness for controlling the re-
lease rate of active agents. The elastomer membrane is preferably a siloxane-based elas-
tomer, such as poly(dimethylsiloxane) (PDMS) or poly(ethylene oxide)-PDMS. In US
2005/0214251, drug formulations for sublingual and subcutaneous administration of insu-
lin are disclosed. In one embodiment the formulation may be in the form of a film com-
prising a bottom layer and a top layer which surround a core layer containing the active

agent.
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Object of the invention

The object of the present invention is to provide a novel drug delivery system for the con-
trolled release of at least one therapeutically active substance at a predetermined, essen-
tially constant release rate over a prolonged period of time. The delivery system comprises
at least one core comprising said therapeutically active substance(s), at least one mem-
brane encasing the core and an intermediary layer of an inert material applied between the
core and the membrane or between two membranes. The intermediary layer is capable of
preventing direct contact between the core and the membrane or between two membrane
layers but is not covalently bound to any of them. Preferably said intermediary layer com-
prises particulate matter, particles, granules, crystals, micro- or nanoscaled crystals or

powder in a solid, suspended or gel form.

A further object of the invention is to provide a drug delivery system having no or only

minimal initial burst.

Brief description of the figures

The invention is further illustrated by the following examples, describing various con-

structions of the drug delivery system according to the invention.

Figure 1 is a schematic view of a delivery system comprising a core 1 comprising a thera-
peutically active agent, a membrane 2 and an intermediary layer 3 comprising inert parti-
cles and applied between the outer surface of the core 1 and the inner surface of a mem-

brane layer.

Figure 2 illustrates an example of the release rates. First release profile has been derived
for a prior art core encased by a membrane (losenges), the second release profile for a core
the surface of which has been covered by silicon oil (squares) and the third release profile
for a core covered by silica particles and then encased by a membrane (circles). The sam-
ples have been manufactured by coating extrusion and the ends of the samples have been

sealed.
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Figure 3 illustrates another example of the release rates. First release profile has been de-
rived for a prior art core encased by a membrane (losenges), the second release profile for
a core the surface of which has been covered by silica particles (squares) and the third
release profile for a core covered by silica particles and then encased by a membrane (cir-
cles). The samples have been manufactured by coating extrusion and the ends of the sam-

ples have been sealed.

Figure 4 illustrates a further example of the release rates. First release profile has been
derived for a prior art core comprising levonorgestrel and encased by a membrane (cir-
cles), and the second release profile for a core comprising levonorgestrel, wherein the sur-
face of the core has been coated by talcum particles and the whole system has been en-
cased by a membrane (squares). The samples have been manufactured by coating extru-
sion and the ends of the samples have been sealed. The release profile has been calculated
from the data of the accelerated release test of levonorgestrel at 60° C and corresponds to

the release rate of 5 years.

Detailed description of the invention

The advantages of the invention are obtained by the drug delivery system comprising at
least one core comprising therapeutically active substance(s), at least one membrane en-
casing the core and an intermediary layer of a substantially inert material applied between
the core and the membrane or between two membrane layers. The intermediary layer is
capable of preventing direct contact between the core and the membrane or between two
membranes but is not covalently bound to either of them. Preferably said intermediary
layer comprises particulate matter, particles, granules, crystals, micro- or nanoscaled crys-

tals or powder in a solid, suspended or gel form.

According to an embodiment of the invention, the drug delivery system consists of one
core comprising at least one therapeutically active substance, an intermediary layer ap-
plied on the surface of the core, and a membrane encasing the core and the intermediary

layer.

According to another embodiment of the invention, the drug delivery system consists of at

least two cores, at least one of the cores comprising a therapeutically active substance, an
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intermediary layer applied on the surface of at least the core(s) comprising the active sub-

stance, and a membrane encasing the cores and the intermediary layer(s).

According to a further embodiment of the invention, the drug delivery system consists of
one core comprising at least one therapeutically active substance, a membrane encasing
the core, an outer membrane encasing the core-membrane system and an intermediary

layer applied between said membrane and outer membrane.

Any suitable design of the delivery system or any combination of structure is naturally
possible and within the scope of the invention. Thus, the system can take a wide variety of
shapes and forms for administering the therapeutically active agent at controlled rate to
different areas of the body. The invention can be applied to any type of formulation as
long as it comprises a core containing the therapeutically active agent, at least one mem-
brane and an intermediary layer controlling the release of a therapeutically active agent.
The delivery system may for example have a form of an implant, an intrauterine system

(IUS), an intracervical device (ICD), a vaginal ring, a helical coil or a spring and a like.

According to the present invention the intermediary layer comprises a suitable inert mate-
rial applied between the outer surface of the core and the inner surface of the membrane or
when there are two or more membranes, between two membrane layers. The term “inert”
or “substantially inert” means here a material which is not covalently bound to the core or
membrane material and is not a polymer membrane. The intermediary layer prevents or at
least decreases the direct contact between the core(s) and the membrane(s) and creates an
additional diffusion layer with two interfaces forming between the core(s) and the mem-
brane or between two membranes. The diffusion will not take place until the intermediary
layer gets wet, for example when the external body fluid is absorbed through the mem-
brane(s) in the target organ. For this reason the drug substance cannot migrate from the
core to the membrane layer(s) during storage. This will eliminate or diminish initial burst

and will further help to adjust the release rate of the therapeutically active substance.

Exemplary inert material or combination of materials comprising particulate matter, parti-
cles, granules, crystals, micro- or nanoscaled crystals or powder in a solid, suspended or
gel form that can in practice be used as an intermediary layer in the drug delivery system

according to the present invention include inorganic salts, e.g. calcium sulphate, magnesi-
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um sulphate, sodium carbonate, calcium carbonate and barium sulphate, organic salts such
as sodium lactate and other organic compounds such as saccharides, e.g. mono-and poly-
saccharides such as starch, methyl cellulose, croscarmellose sodium, microcrystalline cel-
lulose, hydroxypropylcellulose, hydroxypropylmethylcellulose, dextrin, lactose, sucrose,
fructose, trehalose, sugar alcohols, polyols and crystalline sugars, mannitol, sorbitol, xyli-
tol, carboxymethylcellulose and salts thereof, organic non saccharides, e.g. povidone, pol-
ymers, silica and high surface area fumed and precipitated silicas, talc, barytes, litho-
pone, metal oxides such as zinc oxide, iron oxide, aluminium oxide and titanium dioxide,
clays such as kaolin, crushed quartz, diatomaceous earths, polyalkylene glycol and the
like. Preferably the material is non-swellable or only slightly swellable in biological flu-
ids. In the drug delivery system according to the present invention the substantially inert
material is selected from the group consisting of silica, fumed and precipitated silica and

talc.

The core of the delivery system consists essentially of a polymer composition, that is, the
core is a polymer matrix wherein the therapeutically active substance or substances are
dissolved or dispersed. The polymer composition of the core is permeable to the therapeu-
tically active substance. Depending on the delivery system, the core(s) may be solid or
hollow. Hollow cores can be easily assembled for example on the body of an intrauterine
system. In addition, by using hollow cores a continuous cavity formed inside a vaginal
ring reduces the overall weight of the device and influences beneficially the elasticity,
flexibility and softness of the ring which all may give better wearing comfort for the user.
The cores may also comprise a support member consisting of an inert material, for exam-
ple a polymer rod or a metal wire, to modify the elasticity or flexibility of the core. The
delivery system of the present invention can also be applied for example on the surface of

a medical device, such as a stent or a catheter.

According to the embodiment in which the delivery system consists of two or more cores,
said cores are preferably positioned next to each other. The length of the compartments
may be same or different. The cores may or may not be separated from each other by a

separation membrane or by an inert placebo core.

The membrane comprises a polymer composition which is permeable to the therapeutical-

ly active substance but preferably less permeable than the polymer composition of the
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core. Although the membrane may cover only a part of the delivery system, it advanta-
geously encases the whole delivery system. The thickness of the membrane depends on
materials and active agents used as well as on the desired release profiles, but generally

the thickness is smaller than the thickness of the core member.

The membrane may consist of more than one layer, in which case each layer has a certain
thickness, and the thickness of the layers may be the same or different. The combination
of different membrane layers either in design, thickness or in material or both, gives a fur-

ther possibility for controlling the release rates of the active agents.

Polymer compositions of the core, the membrane and the possible separation membrane or
the inert placebo compartment, can be the same or different and may stand for one single
polymer, a mixture of polymers or the polymer composition may be made up of polymers

that are blended with each other.

In principle any polymer, either biodegradable or non-biodegradable, can be used as long
as it is biocompatible. Polysiloxanes, in particular poly (dimethyl siloxane) (PDMS) and
modified poly (dimethyl siloxanes), are highly suitable for use as a membrane or core
material. Further examples of suitable materials include, but are not limited to, copolymers
of dimethylsiloxanes and methylvinylsiloxanes, ethylene/vinyl acetate copolymers (EVA),
polyethylene, polypropylene, ethylene/propylene copolymers, acrylic acid polymers, eth-
ylene/ethyl acrylate copolymers, polytetrafluoroethylene (PTFE), polyurethanes, thermo-
plastic polyurethanes, polyurethane elastomers, polybutadiene, polyisoprene,
poly(methacrylate), polymethyl methacrylate, styrene-butadiene-styrene block copoly-
mers, styrene-isobutylene-styrene copolymers, poly(hydroxyethylmethacrylate)
(pHEMA), polyvinyl chloride, polyvinyl acetate, polyethers, polyacrylonitriles, polyeth-
ylene glycols, polymethylpentene, polybutadiene, polyhydroxy alkanoates, poly(lactic
acid), poly(glycolic acid), polyanhydrides, polyorthoesters, hydrophilic polymers such as
the hydrophilic hydrogels , cross-linked polyvinyl alcohol, neoprene rubber, butyl rubber,
hydroxyl-terminated organopolysiloxanes of the room temperature vulcanizing type which
harden to elastomers at room temperature following the addition of cross-linking agents in
the presence of curing catalysts, one- or two-component dimethylpolysiloxane composi-
tions cured by hydrosilylation at room temperature or under elevated temperatures, as well

as mixtures thereof.
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The structural integrity of the material, especially that of the membrane, may be enhanced
by the addition of filler such as silica or diatomaceous earth. The polymers can also be
mixed with other additives, for example to adjust their hydrophilic or hydrophobic proper-
ties, while taking into account that all additives need to be biocompatible and harmless to

the patient.

The core or membrane may also comprise additional material to further adjust the release
rate of one or several of the therapeutic substances. Auxiliary substances, for example
such as tensides, anti-foaming agents, solubilisers or absorption retarders, or a mixture of
any two or more of such substances, can also be added in order to impart the desired phys-
ical properties to the body of the delivery system. Further, additives such as pigments,
glossing agents, matting agents, colorants, mica or equal can be added to the body of the
delivery system or the membrane or to both in order to provide the delivery system with a

desired visual appearance.

The amount of the therapeutically active agent incorporated in the delivery system varies
depending on the particular therapeutically active agent, intended use of the substance,
expected release rate and the time for which the system is expected to provide therapy.
Since a variety of devices with varying sizes can be formulated for administering dosages,
there is no critical upper limit on the amount of therapeutically active agent incorporated

in the device.

The lower limit depends on the activity of the therapeutically active agent and the ex-
pected release time. A person skilled in the art is readily able to determine the amount of
the therapeutically active agent needed for each specific application of the delivery sys-

tem.

Preferably, the amount of a therapeutically active agent in the delivery system varies be-
tween almost zero to 60 wt-%, when it is mixed into the polymer, the preferred amount
being between 10-40 wt-% of the weight of the delivery system. Other possible ranges of
the amount of the therapeutically active agent are 0.5-60 wt-%, 5-55 wt-%, 10-45 wt-%,
25-60 wt-%, 40-50 wt-% and 15-35 wt-%. Since the release rate is relatively constant dur-

ing the whole time of usage, a lower amount of drug will be often sufficient to achieve
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necessary period of administration as compared to the traditional delivery systems, where

the drug load is partly consumed by initial burst.

The daily dosage of the therapeutically active substances for a defined condition to be
treated and for a defined substance can be achieved with the delivery system according to
the invention particularly by varying the polymer composition of the core or membrane or
both and by varying the material of the intermediary layer, the amount and/or the proper-
ties of the layer, for example thickness, size and crystal form of the particles etc. For op-
timal performance the particle size is below 300 microns, preferably from 5 to 250 mi-
crons or from 20 to 200 microns. In addition, other parameters such as the size and form
of the device and the drug load will influence the daily dose released from said device.
Some, but not undue, experimentation will be needed to find the most suitable parameters

for each combination.

Depending on the type and the use of the device, the expected practical life-time of the
device varies from one week to several years, for example from one year to 7 years, pref-
erably from 1 year to 5 years, or from one week to 12 months, preferably from one week

to 6 months and more preferably from 21 days to 3 months.

The drug delivery system according to this invention can be manufactured by any tech-
nique known in the art. The therapeutically active agent may be mixed within the core
material, processed to the desired shape by moulding, injection moulding, rotation/ injec-
tion moulding, casting, extrusion, such as co-extrusion, coating extrusion, sequential ex-

trusion and/or blend-extrusion or other appropriate methods.

The intermediary layer can be produced by encasing, coating, dusting or smoothing the
surface of the core or the membrane by the inert material. For example, granules, particles,
crystals, microcrystals, powder or suspension of an inert material can be adhered on the
sticky or gummy surface of the core, the core or a part of it can be sprayed with the mate-
rial or with a suspension of said material in a suitable solvent, the core can be dipped in
such a suspension, or the surface of the core can be wetted by a suitable liquid, for exam-
ple a solvent or silicone oil and then the core is dipped in the inert material, finally by let-

ting the solvent, if any, to evaporate. The inert solid material can be mixed or suspended in
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a carrier material known in the art, for example silicone oil or hard fat or other encapsula-

tion material, which is then applied on the surface of the core.

The membrane layer can be applied on the core and on the intermediary layer according to
known methods, for example by mechanical stretching or expanding a prefabricated, tube
formed membrane by using pressurised gas like air or by swelling in a suitable solvent like
cyclohexane, diglyme, propanol, isopropanol or a mixture of solvents, or preferably by
extrusion, moulding, spraying or dipping. The ends of the drug delivery system can be
combined by known methods to produce a vaginal delivery device. When the delivery
system is intended to be in the form of rod or a medicated capsule, e.g. an implant or an
intrauterine system, the ends of the core-membrane rod can be sealed during the extrusion

process or by using an adhesive.

Experimental

The ability to control and fine tune the release rate and to control the initial burst effect
was demonstrated with levonorgestrel containing implants. A core comprising an interme-
diary layer and a core comprising an intermediary layer and a membrane were made and
the results were compared to a corresponding core with a membrane but without any in-
termediary layer. The samples have been manufactured by coating extrusion and the ends

of the samples have been sealed.

The content of the therapeutically active agent in the core is 50 wt-% (weight percent), and

the agent was mixed in the elastomer with a mixer before extrusion.

The diameter of the cores used in experiments is 2.0 mm and the length is 20 mm. The

thickness of the membrane is 0.3 mm.

The results are shown in Figures 2 and 3 for the daily in vitro release rate, shown as the y
axis and days shown in the x-axis, wherein the losenges represent the results for a prior art
core encased by a membrane, squares illustrate the results for a core the surface of which
has been covered by silica particles, and the circles represent the results for a core covered

by silica particles and encased by a membrane.
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The present invention was also tested by using talcum as the intermediary layer. The re-
sults are shown in Figure 4 for the daily in vitro release rate, shown as the y axis and days
shown in the x-axis, wherein the losenges represent the results for a prior art core compris-
ing levonorgestrel and encased by a membrane, and the squares represent the results for a
core comprising levonorgestrel, the surface of which has been coated by talcum particles
and the whole system has been encased by a membrane. The samples have been manufac-
tured by coating extrusion and the ends of the samples have been sealed. The release pro-
file has been calculated from the data of the accelerated release test of levonorgestrel at

60° C and corresponds to the release rate of 5 years.

The results show that compared to the reference samples, the samples comprising the in-
termediary layer have lower initial dose and lower daily dose over a relatively long period
of time, and the decrease is more enhanced with the samples comprising both an interme-
diary layer and a membrane encasing the core and said intermediary layer. Further, as can
be seen in Figures 2-4 the samples comprising the intermediary layer and the membrane
have surprisingly constant release rate of the active drug substance as compared to the

reference samples.

The invention is described below in greater detail in the following, non-limiting examples.

Example 1

Core preparation

50 parts by weight of levonorgestrel and 50 parts by weight of poly (dimethylsiloxane-co-
vinylmethylsiloxane) and 1.2 parts by weight of dichlorobenzoylperoxide-
polydimethylsiloxane paste (50 % of dichlorobenzoylperoxide) were mixed with a 2-roll
mill. The mixture was extruded to a rod-like form having the outer diameter of 2.0 mm
and cured by heat at + 150 °C for 15 minutes, during which crosslinking took place. The

resulting rod was cut into cores having the length of 20 mm.

Part of the cores were treated with a thin layer of silicon oil and covered by a layer of sil-
ica particles, while another part of the cores were covered by a talcum layer. The reference

cores remained intact, without any coating.
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Membrane preparation

9 parts of PEO-b-PDMS, 89 parts of silica-filled poly(dimethylsiloxane-co-
vinylmethylsiloxane), 10 ppm Pt-catalyst (of the reaction species), 0.03 parts inhibitor
(ethynyl cyclohexanol), and approximately 2 parts of poly-(hydrogenmethylsiloxane-co-
dimethylsiloxane) crosslinker were mixed in a two-roll mill. The membrane material was
coating extruded on the above prepared cores, i.e. half of the cores coated with silica layer,
talcum layer and cores without any intermediary layer, by successively inserting them
through the inner nozzle in the die. The wall thickness of the resulting membrane was 0.3

mim.

Example 2. Preparation of the intrauterine delivery system

50 parts by weight of levonorgestrel and 50 parts by weight of poly (dimethylsiloxane-co-
vinylmethylsiloxane) and 1.2 parts by weight of dichlorobenzoylperoxide-
polydimethylsiloxane paste (50 % of dichlorobenzoylperoxide) were mixed with a 2-roll
mill. The mixture was extruded to a tube-like form having the outer diameter of 2.0 mm
and the wall thickness of 0.5 mm. The extrudate was cured by heat at + 150 °C for 15
minutes, during which crosslinking took place. The resulting tube was cut into cores hav-

ing the length of 20 mm.

The core was treated with a thin layer of silicon oil and covered by a talcum layer. The
membrane material prepared according to example 1 was coating extruded on the core.

The wall thickness of the resulting membrane was 0.3 mm.

The tube-like reservoir was swollen in cyclohexane and assembled on the vertical stem of
a T-shaped IUS body. Cyclohexane was allowed to evaporate. The ends of the reservoir

were sealed by using silicone glue.

Example 3. Preparation of a vaginal delivery system

50 parts by weight of levonorgestrel, 50 parts by weight of poly (dimethylsiloxane-co-
vinylmethylsiloxane) and 1.2 parts by weight of dichlorobenzoylperoxide-
polydimethylsiloxane paste (50 % of dichlorobenzoylperoxide) were mixed with a 2-roll

mill. The mixture was extruded to a core having the outer diameter of 2.8 mm and cured
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by heat at + 150 °C for 15 minutes, during which crosslinking took place. The crosslinked

core was cut into 167 mm length.

99 parts of silica-filled poly (dimethylsiloxane-co-vinylmethylsiloxane), 10 ppm Pt-
catalyst (of the reaction species) and 0.03 parts of inhibitor (ethynyl cyclohexanol) and
approximately 0.6 parts of poly (hydrogenmethylsiloxane-co-dimethylsiloxane) cross
linker were mixed in a 2-roll mill. The membrane material was coating extruded on the

core prepared above. The wall thickness of the resulting membrane was 0.23 mm.

The ends of the membrane coated core are joined together into a closed system either by
using a biocompatible adhesive or preferably by using a 10 mm long polyethylene rod
having outer diameter of 1.2 mm as a coupling means. An adhesive (Nusil Med 1-4213) is
spread on the other end of the coupling means and polyethylene rod is pushed approxi-
mately 5 mm into the core. The cross sectional surfaces of the core-membrane tube and
the other end of the coupling means are dabbed with the same adhesive and the other end
of the core-membrane system is pushed over the polyethylene rod so that the ends of the

core-membrane system meet each other. The adhesive is cured at 100 °C for 1 hour.

Drug release test

The release rate of the drug from the implant was measured in vitro as follows:

The intrauterine delivery systems were attached into a stainless steel holder in vertical
position and the holders with the devices were placed into glass bottles containing 250 ml
of a dissolution medium. The glass bottles were shaken in shaking water bath 100 rpm at
37 °C. The dissolution medium was withdrawn and replaced by a fresh dissolution me-
dium at predetermined time intervals, and the amount of the released drug was analysed
by using standard HPLC methods. The concentration of the dissolution medium and the
moment of change (withdrawal and replacement) of medium were selected so that sink-

conditions were maintained during the test.

Although the invention has been described in terms of particular embodiments and appli-
cations, one of ordinary skill in the art can in light of this teaching generate additional em-
bodiments and modifications without departing from the spirit of or exceeding the scope

of the claimed invention. Accordingly, it is to be understood that the drawings and de-
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scriptions herein are offered by way of example to facilitate comprehension of the inven-

tion and should not be construed to limit the scope thereof.
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Claims

1. A drug delivery system comprising at least one core comprising one or more therapeuti-
cally active substance(s) and at least one membrane encasing the core, characterized in
that the system further comprises an intermediary layer of a substantially inert material
that is not covalently bound to the material of the core or the membrane(s) and wherein the
substantially inert material is selected from the group consisting of silica, fumed and pre-

cipitated silicas and talc.

2. A drug delivery system according to claim 1, characterized in that the substantially inert
material comprises particulate matter, particles, granules, crystals, micro- or nanoscaled

crystals or powder in a solid, suspended or gel form.

3. A drug delivery system according to claim 1 or 2, characterized in that the intermediary

layer of a substantially inert material is applied between the core and the membrane.

4. A drug delivery system according to claim 1 or 2, characterized in that the intermediary

layer of a substantially inert material is applied between two membrane layers.

5. A drug delivery system according to any one of claims 1-4, characterized in that the
system is a vaginal delivery system, an implant, an intrauterine delivery system, an

intracervical delivery system, a helical coil or a spring.



