
USE OF OLIGOSACCHARIDES CONTAINING N-ACETYLLACTOSAMINE
FOR MATURATION OF IMMUNE RESPONSES IN NEONATES Field
of the In\ention This invention relates to the
maturation of immune responses of neonatal infants by
education of the immune system t o avoid inappropriate
immune responses. Background to the Invention
Immediately before birth, the gastro-intestinal tract
of a baby is thought to be sterile. During Ihc normal
process of birth, it encounters bacteria from the
digestive tract, skin and environment of the mother
and starts to become colonised. The faecal rnicrobiota
of a healthy breast-fed infant of age 2 to 4 weeks
which may be taken as the optimum microbiota for this
age group is dominated by E.ilidobacleria species:
with some Lactobacillus species and lesser amounts of
Bacterc des such as Bacteroides fragilis species, to
the exclusion of potential pathogens such as
Clostridia. After the completion of weaning at about 2
years of age, a pattern of gut microbiota that
resembles the adult pattern becomes established. The
early stages of colonisation is a critical phase of
adaptation to the gut's new environment, which
provides most of the identified innate immune receptor
ligands, such as lipopol\ saccharides, at high
concentrations. Gut innate immune recognition must
therefore be closely regulated and educated during
this period in order to avoid inappropriate
stimulation. In mice, intestinal epithelial cells
respond within several hours of birth to exogenous
bacterial compounds, such as endotoxins, to acquire
toll like receptor tolerance to facilitate subsequent
microbial colonization and the development of a stable
intestinal host-microbe homeostasis (Lotz et al.,
2006). It is hypothesisedthat similar postnatal
processes also occur in human neonates. Dysfunction of
the down-regulation o f proinflammatory reactions
which is necessary to allow colonisation to take place
may lead to the development of enteric inflammation
and disturbance s in the colonisation process. This in
turn could lead to a longlasting battle between host
and microbes, with negative consequences for health in
the short and lik ely also at the long term both
locally in the gut and even systemically. It has
already been suggested that this delayed or
inappropriate colonisation may have specific
consequences in terms of the subsequent development of
the infant. For example, Fantuzzi el al have proposed
that systemic low-grade inflammation and a sub-optimal
jmt microbiota may be implicated in the later
development of obesity (Fantuzzi G. "Adipose tissue,
adipokines, and inflammation" J Allergy Clin Immunol.
2005 ;115:91 1-91 9). In short, more and more evidence
is emerging which suggests that the establishment of
an appropriate intestinal microbiota early in life may
be a significant factor in subsequent healthy
development. Moreover, an inappropriate intestinal
microbiota is likely to be accompanied by local
inflammation in Ihe gut and low-level systemic
inflammation which has its own adverse consequences on
general health. Mother's milk is recommended for all
infants. In addition to macro-nutrients, human milk is
known t o contain many bioactive nutrients, that is,
compounds 



which may be categorised in broad terms as proteins,
carbohydrate or fats but which have a sped Tic
function over and above their calorific value. One
large class of such bioad ive nutrients is human milk
oligosaccharides, a group of over 100 oligosaccharides
which are found in varying quantities in human milk
but notin the same quantity or variety in bovine milk
for example. The number and function of these various
oligosaccharides are still being elucidated although
certain of them have already been associated with, for
example, reducing the ability of pathogens to adhere
to host epithelial cells. However, in some cases
breast feeding is inadequate or unsuccessful for
medical reasons or the mother chooses not to breast
feed. Infant formulae have been developed for these
situations. The vast majority of infant formulae are
based on bovine milk which as rioted above, is not as
rich in functional carbohydrates either in terms of
diversity or content as human milk. Summary of the
Invention The present inventors have surprisingly
found that administration of oligosaccharides with
lactose bound mono-, di- and/or poly-valent
N-acetyllactosamine structures to the neonatal infant
is particularly effective in the education of the
immune system, promoting down-regulation of
inappropriate pro inflammatory responses during the
establishment of the intestinal microbiota in the
neonatal period with the result that inappropriate
immune responses can likewise be down-regulated.
Accordingly, in a first aspect, the present invention
provides the use of an oligosaccharide selected from
the group consisting of lacto-N-tetraose,
lacto-Nneotetraose, lacto-N-hexaose,
lacto-N-neohexaose, para-lacto-N-hexaose, paralacto-
N-neohexaose lacio-N-octaoss, lacto-N-neooctaose, iso-
lacto-N-octaose, para- lacto-N-octaose and
lacto-N-decaose in the manufacture of a medicament for
infants or a the apeutic nutritional composition for
infants for maturation of immune responses in a
neonatal infant.In a second aspect, the invention
provides the use of an oligosaccharide selected from
the group consisting of lacto-N-tetraose,
lacto-N-neotetraose, lacto-Nhexaose,
lacto-N-neohexaose, para-lacto-N-hexaose,
para-lacto-N-neohexaose, lacto-N-octaose,
lacto-N-neoociaose, iso- lacto-N-octaose, para-
lacto-N-octaose and lacto-N-decao-e in the manufacture
of a medicament for infants or a therapeutic nutriti o
ial composition 1or infants for modulating the immune
system of a neonatal infani to promote the development
in the first few weeks of the life of the infant of a
beneficial intestinal microbiota comparable with that
found in breast fed infants In a third aspect, the
invention provides the use of an oligosaccharide
selected from the group consisting of
lacto-N-tetraose, lacto-N-neotetraose, lacto-Nhexaose,
lacto-N-neohexaose, para-lacto-N-hexaose,
para-lacto-N-neohexaose, lacto-N-octaose,
laUo-N-neooctaose, iso- lacto-N-octaose, para-
lacto-N-octaose and lacto-N-decaose in the manufacture
of a medicament or therapeutic nutritional composition
for administration to a neonatal infant for reducing
the risk of subsequ nt development of allergy in the
infant. The invention extends to a method of promoting
the maturation of immune responses in a neonatal
infant by administering to a neonatal infant in need
thereof a therapeu tic amount of an oligosaccharide
selected from the group 



consisting of lacfc >-N-tetraose, lacto-N-neotetraose,
lacto-N-hexaose, lacto-Nneohexaose,
para-lacto-N-hexaose, para-lacto-N-neohexaose,
lacto-N-octaose, lacto-N-neooctaose. iso-
lacto-N-octaose, para- lacto-N-octaose and
lacto-Ndecaose. The invention further extends to a
method of promoting the development in the first few
weeks o f the life of an infant of a beneficial
intestinal microbiotacomparable with that found in
breast fed infants by administering to a neonatal
infant in need thereof a therapeutic amount of an
oligosaccharide selected from the group consisiing of
lacto-N-tetraose, lacto-N-neotetraose,
lacto-N-hexaose, lacto-N-neohexsose,
para-lacto-N-hexaose, para-lacto-N-neohexaose,
lacto-Noctaose, lacto-N-neooctaose, iso-
lacto-N-octaose, para- lacto-N-octaose and lacto-
N-decaose. Finally, the invention extends to a method
of reducing the risk of subsequent development of
allergy in an infant by administering to a neonatal
infant in need thereof a therapeutic amount of an
oligosaccharide selected from the group consisting of
lacto-N-tetraose, lacto-N-neotetraose,
lacto-N-hexaose, lacto-Nneohexaose,
para-lacto-N-hexaose, para-lacto-N-neohexaose,
lacto-N-octaose, lacto-N-neooctaose, iso-
lacto-N-octaose, para- lacto-N-octaose and
lacto-Ndecaose. Without wishing t be bound by theory,
the present inventors believe that oligosaccharides
with lactose bound mono-, di- and/or poly-valent
N-acetyllactosamine structures in the intestinal lumen
may act as a "decoy" for pro inflammatory fad oi s
preventing, them from binding to their natural ligands
and thereby alleviating pro-inflammatory responses.
Specifically, galectin-3 is a soluble b-galactosi
de-binding protein involved in various
pro-inflammatory reactions, such as activation of
neutrophils (e.g. IL8). Neutrophils participate in the
innate immune response as a major phagocytic leukocyte
recruited to infection sites. Galectin-3 can be
released from gut epithelia to activate the immune
system. Studies with galectin-3 null mice (gal-/-)
showed the regulatory role of galectin-3 to tune both
innate and adaptive immune responses to pathogens
(Bernardes et al., 2006). With a similar pathogen
burden, gal-/- mice showed much lowerinflammatory
response, lower leukocyte infiltration into gut lamina
propria and no gut necrosis as compared to the
wikltype controls. Thus it can be concluded that
absence of galectin-3 leads to milder inflammatory
response. Glycans terminating with galactose b-1,4
N-acetylglucosamine such as lacto-Nneotetraose, bind
galectin-3. As previously shown for galectin-9, free
galectinbinding glycans can interfere with ga lectin
binding to target ligands thereby altering target
ligand behaviour (Ohtsubo et al., 2005). The more
N-acetyllactosamine units are polymerized the; higher
the affinity for galectin-3 and the stronger the decoy
function Further, gal3-/- muk showed a higher ThI
response manifested by higher IL12 and IFN-g
production b> dendritic cells (Bernardes et al.,
2006). T helper cells play a central role in adaptive
immunity. ThI cells are vital for cell-mediated immune
responses, and Th2 cells promote humoral immunity. ThI
and Th2 responses are counter- regulative, that is,
cytokines produced by ThI cells inhibit Th2 function
and vice versa. 1h2-skewed immune response has been
shown to be crucial for the maintenance of successful
pregnancy and it also prevails at birth and during the
first months of life. Postnatal exposure to microbial
antigens elicits preferentially Th I r sponses, which
have been suggested to counterbalance Th2- 



polarized cytokine production in neonates. In the case
of insufficient early ThI responses, the production of
Th2-type cytokines (IL-4, IL-5 and IL- 13) is further
propagated leading to IgE production and consequently
to allergic disease. It follows that th decoy activity
described above also helps to bias the immune system
towards a TIi 1 response thus educating the immune
system and reducing the risk of development of allergy
early in life.Detailed Description of the Invention In
this specifica:ion. the following terms have the
following meanings:- "beneficial intestinal microbiota
comparable with that found in breast fed babies" means
an intestinal microbiota dominated by appreciable
populations of Bifidobacterium ard Lactobacillus
species to the exclusion of appreciable populations of
such species as Bacteroides, Clostridia and
Streptococci; "neonatal infant" means an infant in the
first two months of life. All references to
percentages are percentages by weight unless otherwise
stated. The invention relates to the use of an
oligosaccharide selected from the group consisting of
lacto-N-tetraose, laao-N-neotetraose, lacto-N-hexaose,
lacto-Nneohexaose, para-lacto-N-hexaose,
para-lacto-N-neohexaose, lacto-N-octaose,
lacto-N-neooctaose, iso- lacto-N-octaose, para-
lacto-N-octaose and lacto-Ndecaose. Preferred
oligosaccharides are lacto-N-tetraose (LNT) and
lacto-Nneotetraose (LNnT). LNT and LNnT may be
synthesised chemically by enzymatic transfer of
saccharide units from donor moieties to acceptor
moieties using glycosyltransferases as described for
example in US Patent No. 5,288,637. Alternatively, LNT
and LNnT may be prepared by chemical conversion of
ketohexoses (e.g. fructose) either free oi bound to an
oligosaccharide (e.g. lactulose) into
N-acetylhexosamine or an N-acetylhexosamine containing
oligosaccharide as described in Wrodnigg, T.M.; Stutz,
A.E. (1999) Angew. Chem. Int. Ed. 38:827- 828.
N-acetyllactosamine produced in this way may then be
transferred to lactose as acceptor moiety.The
therapeutic nutritional composition is preferably an
infant formula which contains an oligosaccharide
selected from the group consisting of
lacto-N-tetraose, lacto-N-neotetraose lacto-N-hexaose,
lacto-N-neohexaose, para-lacto-N-hexaose,
para-lacto-N-neohexaose, lacto-N-octaose,
lacto-N-neooctaose, iso- lacto-Noctaose, para-
lacto-N-octaose and lacto-N-decaose in an amount
between 0.1 and 3g/100g composition on a dry weight
basis. An infant formula for use according to the
present invention may contain a protein source in an
amcunt of not more than 2.0 g/lOOkcal, preferably 1.8
to 2.0 g/100kcal. The type of protein i not believed
to be critical to the present invention provided that
the minimum requirements for essential amino acid
content are met and satisfactory growth is ensured
although it is preferred that over 50% by weight of
ihe protein source is whey. Thus, protein sources
based on whey, casein and mixtures thereof may be used
as well as protein sources based on soy. Ls fir as
whey proteins are concerned, the protein source may be
based on acid whey or sweet whey or mixtures thereof
and may include alphalactalbumin and beta-lac
:oglobuHn in whatever proportions are desired. The
proteins may be intact or hydrolysed or a mixture of
intact and hydrolysed proteins. It may b desirable to
supply partially hydrolysed proteins (degree of
hydrolysis between 2 and 20%), for example for infants
believed to be at risk of 



developing cows' milk allergy. If hydrolysed proteins
are required, the hydrolysis process may be carried
out as desired and as is known in the art. For
example, a whey protein hydrolysate may be prepared by
enzymatically hydroIy sing the whey fraction in one or
more steps. If the whey fraction used as the starting
material is substantially lactose free, it is found
that the protein suffers much less lysine blockage
during the hydrolysis process. This enables the extent
of lysine blockage to be reduced from about 15% by
weight of total lysineto less than about 10% by weight
of lysine; for example about 7% by weight of lysine
which greatly improves the nutritional quality of the
protein source. The infant formula may contain a
carbohydrate source. Any carbohydrate source
conventionally found in infant formulae such as
lactose, saccharose, maltodextrin, starch and mixtures
thereof may be used although the preferred source of
carbohydrates is lactose. Preferably the carbohydrate
sources contribute between : 5 and 65% of the total
energy of the formula. The infant formula may contain
a source of lipids. The lipid source may be any lipid
or fat which is suitable for use in infant formulas.
Preferred fat sources include palm Oein, high oleic
sunflower oil and high oleic safflower oil. The
essential fatty acids linol eic and a-linolenic acid
may also be added as may small amounts of oils
containing high quantities of preformed arachidonic
acid and docosahexaenoic ac id such as fish oils or
microbial oils. In total, the fat content is
preferably such to contribute between 30 to 55% of the
total energy of the formula. The fat source preferably
has a ratio of n-6 to n-3 fatty acids of about 5:1 to
about 15:1; for example about 8:1 to about 10:1. The
infant formula may also contain all vitamins and
minerals understood to be essential in the dai ly diet
and in nutritionally significant amounts. Minimum
requirements h e been established for certain vitamins
and minerals. Examples of minerals, vitamins and other
nutrients optionally present in the infant formula
include vitamin A, vitamin Bl, vitamin B2, vitamin B6,
vitamin B12, vitamin E, vitamin K, vitamin C, vitamin
D, folic acid, inositol, niacin, biotin, pantothenic
acid, choline, calcium, phosphorous, iodine, iron,
magnesium, copper, zinc, manganese, chloride,
potassium, sodium, selenium, chromium, molybdenum,
taurine, and L-camitine. Minerals are usually added in
salt form. The presenceand amounts of specific
minerals and other vitamins will vary depending on the
intended infant population. If necessary, the i fant
formula may contain emulsifiers and stabilisers such
as soy lecithin, citric acid esters of mono- and
di-glycerides, and the like. The infant formula
preferably further contains at least one prebiotic in
an amount of 0.3 to 10%. A prebiotic is a
non-digestible food ingredient that beneficially
affects the host by selectively stimulating the growth
and/or activity of one or a limited number of bacteria
in the colon, and thus improves host health. Such
ingredients are non-digestible in the sense that they
are not broken down and absorbed in the siomach or
small intestine and thus pass intact to the colon
where they are selectively fermented by the beneficial
bacteria. Examples of prebiotics include certair
oligosaccharides, such as fructooligosaccharides (FOS)
and galactooligosaccharides (GOS). A combination of
prebiotics may be used such as 90% GOS with 10% short
chain fructo-oligosaccharides such as the product sold
under the trade mark Raftilose(r) or 10% inulin such
as the product sold 



under the trade mark Raftiline(r). A particularly
preferred combination of prebiotics is 70% short chain
fructo-oligosaccharides and 30% inulin. The infant
formula may also comprise at least one probiotic
bacterial strain. A probiotic is a microbial cell
preparation or components of microbial cells with a
beneficial effect on the health or well-being of the
host. Suitable probiotic bacterial strains include
Lactobacillus rhamnosus ATCC 53103 obtainable from
Valio Oy of Finland under the trade mark LGG,
Lactobacillus rhamnosus CGMCC 1.3724, Lactobacillus
paracasei CNCM 1-21 16, the strain of Lactobacillus
reuteri sold by BioGaia A.B under the trade mark
Reuteri, Streptococcus salivarius DSM 13084 sold by
BLIS Technologies Limited of NewZealand under Ihe
designation K12, Bifidobacterium lactis CNCM 1-3446
sold inter alia by the Christian Hansen company of
Denmark under the trade mark Bb 12, Bifidobacterium
longum ATCC BAA-999 sold by Morinaga Milk Industry Co.
Ltd. of Japan ander the trade mark BB536, the strain
of Bifidobacterium breve sold by Danisco under the
trade mark Bb-03, the strain of Bifidobacterium breve
sold b> Morinaga under the trade mark M- 16V, the
strain of Bifidobacterium infantis sold by Procter &
Gamble Co. under the trade mark Bifantis and the
strain of Bifidobacterium breve sold by Institut
Rosell (Lallemand) under itie trade mark R0070 in an
amount between 10e3 and 1Oe 12 cfu/g powder, more
preferably between 10e7 and 10el2 cfu/g powder. The
infant formula may optionally contain other substances
which may have a beneficial effea. suc h as
lactoferrin, nucleotides, nucleosides, and the like.
The infant formula may be prepared in any suitable
manner. For example, they may be prepared by blending
together the protein, the carbohydrate source, and the
fat source in appropriate proportions. If used, the
emulsifiers may be included at this point. The
vitamins and minerals may be added at this point but
are usually added late- to avoid thermal degradation.
Any lipophilic vitamins, emulsifiers and the like may
be dissolved into the fat source prior to blending.
Water, preferably v^ater which has been subjected to
reverse osmosis, may then be mixed in to form a liquid
mixture. The temperature of the water is conveniently
about 500C to about 800C to aid dispersal of the
ingredients. Commercially available liquefiers may be
used to form the liquid mixture. The
N-acetyl-lactosamim: and/or an oligosaccharide
containing N-acetyl-lactosamine will be added at this
stage if the final product will be in liquid form. If
the final product is to b a powder, the
oligosaccharides may likewise be added at thisstage if
desired . The liquid mixture is then homogenised; for
example in two stages. The liquid mixture may then be
thermally treated to reduce bacterial loads, by
rapidly heating the liquid mixture to a temperature in
the range of about 800C to about 1500C for about
seconds to about 5 minutes, for example. This may be
carried out by steam injection, autoclave or by heat
exchanger; for example a plate heat exchanger. Then,
the liquid mixture may be cooled to about 600C to
about 85C; for example by flash cooling. The liquid
mixture may then be again homogenised; for example in
two stages at about 10 MPa to about 30 MPa in the
first stage and about 2 MPa to about 10 MPa in the
second stage. The homogenised mixture may then be
further cooled to add any heat sensitive components;
such as vitamins and 



minerals. The pH aid solids content of the homogenised
mixture are conveniently adjusted at this point. The
homogenised mixture is transferred to a suitable
drying apparatus such as a spray drier or freeze drier
and converted to powder. The powder should have a
moisture content o f less than about 5% by weight. The
oliogsaccharide may be added at this stage by
ciry-mixing along with the probiotic bacterial
strain(s) if used If a liquid product is preferred,
the homogenised mixture may be sterilised then
aseptically filled into suitable containers or may be
first filled into the containers and then retorted.In
another embodiment, the composition may be a
supplement including an oligosaccharide selected from
the group consisting of lacto-N-tetraose,
lacto-Nneotetraose, lacto-N-hexaose,
lacto-N-neohexaose, para-lacto-N-hexaose, paralacto-
N-neohexsose, lacto-N-octaose, lacto-N-neooctaose,
iso- lacto-N-octaose, para- lacto-N-octaose anc
lacto-N-decaose in an amount sufficient to achieve the
desired effect. Preferably the daily dose of the
oligosaccharide is between 0.1 and 3g. The amount of
oligosaccharide to be included in the supplement will
be selected accordingly depsnding upon how the
supplement is to be administered. For example, if the
supplement is to be administered twice a day, each
supplement may contain between 0.05 and 1.5g. The
supplement should be in a form suitable for
administration to neonatal infants and will contain
only those adjuvants and excipients suitable for this
age group. The invention will now be further
illustrated by reference to the following example :-
Example 1 An example of the composition of a suitable
infant formula to be used in the present invention is
given belowINTRAUTERINE DEPOSIT BACKGROUND OF THE
INVENTION 1. Field of the Invention [0001] The
invention relates generally to intrauterine systems
and in particular to devices that are capable of
retaining and releasing a biologically active compound
within the uterus. The invention further relates to a
method of manufacturing an intrauterine system having
a biologically active compound deposited therein. 2.
Description of the Related Art [0002] The use of
intrauterine devices (IUDs) has long been recognised
as a convenient manner of providing long-term
contraception. The presence of a device within the
uterus causes the release of leukocytes and
prostaglandins by the endometrium or uterine lining.
These substances are hostile to both sperm and eggs
and are understood to prevent fertilisation and any
subsequent attachment of the fertilised egg to the
endometrium. The use of copper in an IUD increases the
spermicidal effect. [0003] An IUD that has been widely
accepted is presently marketed by N.V. Organon under
the name Multiload(tm). Such a device is depicted in
US 3952734 and comprises an elongated stem carrying at
one end two resilient, cantilevered arms, extending
sideways on either side of the stem. A copper wire is
wound about the stem. For insertion into the uterine
cavity the stem is contained within a tube shaped
sheath by means of which the device may be inserted
through the cervix. The sheath narrowly encloses the
stem and the shape and flexibility of the 



arms are chosen such that they can collapse around the
sheath during insertion. The sheath may then be pulled
back and the arms unfold to retain the IUD within the
uterus. For the purpose of retrieval, a thread is
attached to the stem at the opposite end from the
arms. The thread extends through the cervix and can be
pulled for removal of the device. Under normal
circumstances the IUD may be effectively used for long
periods of up to 5 years without removal. [0004] More
recently, devices have been developed that can include
a quantity of a hormone for long term retention and
release within the uterus. These devices are generally
referred to as intrauterine systems (IUS) and the term
will be used hereafter to refer to IUDs having
anincorporated agent. One system is marketed by
Schering AG under the name Mirena(tm). The system
comprises a T-shaped polyethylene frame with a steroid
reservoir around the stem. The reservoir consists of a
cylinder made of a mixture of levonogestrel and
silicone. The reservoir is covered by a silicone
membrane which controls the release rate to about 20
micrograms per day for a period of 3 to 5 years.
Insertion and removal of the system is generally
similar to that described above. Such a system is
shown in US 4341728. The use of steroids may enhance
the contraceptive effect and also contribute to
non-contraceptive health benefits of the system.
Copper coil type IUDs tend to increase bleeding during
a woman's menstrual cycle. Using a hormone based IUS,
menstrual bleeding may be reduced or even stop. Local
administration of hormones also allows lower dosages
to be used compared to other hormonal methods for
contraception whose primary mode of action is
suppression of ovarian function. Another device that
uses a dose of a progestogen to augment the effect of
a copper coil is shown in German patent DE 4125575 C.
According to the document, the progestogen may be
provided in crystalline form in the head of the IUD
and its release rate controlled by diffusion through
fine pores or a perforation. Alternatively, it may be
mixed in a silicone-gelatine material or a rubber
based material and applied externally to the IUD.
[0005] To effectively control the pharmacodynamic
properties, a system must be able to store a
sufficient dose of agent to ensure a sufficient flux
over a prolonged period, yet small enough to prevent
injury or pain on passing through the cervix. Another
difficulty encountered in manufacturing an IUS is the
need to produce a structure that is strong enough to
endure the forces of insertion, removal and usage
without breaking yet again is small enough to prevent
injury or pain on passing through the cervix. In
particular, the connection between the arms and the
stem must be flexible to allow folding of the arms
around or within the inserter. On removal the arms
must again fold without breaking off, since loss of
part of the device within the uterus could lead to
complications. One device that attempts to solve these
problems is shown in US7080647, in which arms are
attached to a slot in a medicated fibre stem. The
strength of the device appears to be dependent upon
the limited material available for the slot
connection. Another device is known from WO96/01092 in
which a medicated deposit is used to form the arms of
the device and the stem comprises a loop that
encircles the arms.[0006] A further difficulty lies in
ensuring correct dosage of the agent. Prior devices
use rate controlling membranes surrounding the agent.
The need for integrity of the membrane has required
complicated moulding procedures for connecting the
body of the device to the agent deposit. EP1400258 and
WO06/079709 describe solutions for manufacture of
IUSs. A number of other IUSs are disclosed in which a
quantity of agent is provided e.g. as a coating at an
external surface of the device [0007] Another
alternative device is known from US3656483 which
discloses a tubular body having perforations that
allow for the release of a biologically active
material. The material is in the form of a series of
pellets that are biased towards the perforations by a
spring 



member. Leaching of the medication takes place at the
perforated region and the rate of release is
controlled by the passage of the agent through the
perforations. As each pellet is dissolved, the
remaining pellets are pushed downwards by the spring.
In this manner a series of different agents may be
released successively. Nevertheless, the release rate
of each agent is dependent upon the interrelation
between the formulation and the perforations in the
tubular body. Any blockages of the perforations would
affect the subsequent release of the medication. The
strength of the structure is provided by the external
tube, which may make device insertion more difficult
and painful. [0008] It would be desirable to be able
to manufacture a simple device in which the release
rate of the medication or agent could be easily
predicted. The rate should also be reliably maintained
in practice. Furthermore, the construction of the
device should be simple and involve a minimum number
of components and yet be both strong and flexible and
small enough to allow easy insertion. BRIEF SUMMARY OF
THE INVENTION [0009] The present invention addresses
these problems by providing an intrauterine system for
the retention of a biologically active compound within
the uterus of a female mammal, preferably a human. The
system comprises a deposit of the compound, the
deposit comprising a rate controlling structure that
controls a rate of release of the compound within the
uterus, a frame defining an interior space for receipt
of the deposit, the frame having an open structure
allowing access to a substantial part of an outer
surface of the deposit and having one or moreretention
elements for retaining the frame within the uterus.
Because of the open structure of the frame the greater
part of the surface of the inserted deposit is
directly exposed to the environment and hence the rate
controlling effect on the steady state release of the
compound to the uterus may be primarily determined by
the structure of the deposit itself and the
environment in which it is placed. This is extremely
beneficial from a manufacturing perspective since once
the frame is defined, existing drug formulations or
controlled release capsules/fibers may be inserted
into the frame. As release rates are primarily
determined by the deposits themselves, release rates
within the frame should be relatively easily
predictable. [0010] The invention may thus also be
considered to provide an intrauterine system
comprising a frame for receipt of a deposit of a
biologically active compound, wherein the frame is an
open structure facilitating release of the compound to
the uterus. In the following, reference to an open
structure allowing access to a substantial part of an
outer surface of the deposit is understood to cover an
arrangement in which at least 50% of the outer surface
of the deposit is exposed. Preferably, more than 60%
of the outer surface will be exposed and more
preferably more than 70% will be exposed. [001 1] The
invention further relates to an intrauterine system
for the retention of a biologically active compound
within the uterus of a female mammal, comprising a
deposit of the compound in the form of a generally rod
shaped element, a substantially flexible frame
defining an interior space for receipt of the deposit
and retention elements provided on the frame for
retaining the frame within the uterus, wherein the
flexible frame and the rod shaped element interact to
form a composite structure having greater mechanical
strength, in particular stiffness, than either the
frame or the rod shaped element alone. Accordingly, an
improved structure may be achieved that ensures
adequate strength while still ensuring ease of
insertion due to the small cross-section of the frame
that may be achieved in this manner. [0012]
Preferably, the frame stem may have a diameter of less
than 4.5 mm, yet more preferably less than 4.0 mm, and
may even be less than 3.5 mm in diameter. As the
skilled 



person will understand, for use in combination with a
tubular inserter, for surrounding the stem, it is of
significance that the IUS is able to fit within an
inserter having an outer diameter of 5.0 mm. In this
manner compliance may be achieved with ISO -7439.2002,
which for human recipients requires an insertion tube
of not more than 5.0 mm outer diameter.[0013]
According to a preferred embodiment of the invention,
the frame comprises an opening for allowing
introduction of the deposit into the interior space
and a closure member for closing the opening. The
opening is preferably located at a forward end of the
frame. Once inserted into the interior space, the
deposit is thus safely retained against accidental
removal from the frame. Alternatively, either the
frame or the deposit or both may be sufficiently
flexible to allow insertion of the deposit into the
frame and its subsequent retention. [0014] Preferably,
the closure member comprises a plug. The plug may be
integrally formed with the frame or may be a separate
component. Although use of a plug or cap is preferred,
the skilled man will understand that alternative
closures may be used. In particular, the frame may be
formed of two parts that join together around the
deposit to contain it. Both parts may be connected to
close the opening using mechanical means such as press
fitting, form fitting, screw thread or the like.
Alternatively, the parts may be glued, welded or
otherwise bonded together. In a preferred embodiment,
the plug is substantially impermeable and can cover
and protect an end of the deposit as will be described
below. [0015] Most preferably, the frame is formed of
a substantially inert material. In this context the
term "substantially inert material" is intended to
refer to a material that is not eroded by exposure to
the environment within the uterus and does not itself
actively release an agent. Nevertheless, by the nature
of intrauterine devices, it is not excluded that the
frame can cause release of leukocytes and
prostaglandins by the endometrium. In a most preferred
embodiment the frame comprises a biologically
compatible polymer, in particular polyethylene (PE),
ethylene vinyl acetate (EVA) or a combination thereof.
Such polymers have been found to exhibit sufficient
strength and resilience for such applications.
According to a further preferred embodiment, either
the frame or the deposit or both may incorporate an
indicator such as a radio-opaque material. Barium
sulphate is a preferred substance for this purpose.
[0016] In a preferred embodiment of the invention, the
one or more retention elements are integrally formed
with the frame. The retention elements may take any
form that ensures the function of retaining the device
within the uterus, including but not limited to an arm
or arms, coil structures, anchors, hooks, barbs,
fibres and the like. Of importance however is that the
retention elements also allow insertion and removal of
the device into and from the uterus as appropriate.
The frame may preferably comprise an elongate stem in
which is located theinterior space and the retention
elements may then be formed as arms, laterally
extending from the stem. The interior space may also
be formed at least partially within the retention
elements or arms as appropriate. Various forms of arm
are well known in the art. [0017] The invention is
intended for use with any appropriate deposit. An
advantage of the present design is that one form of
frame may be manufactured and used as a basis for
different deposits carrying different compounds
according to the desired treatment. A preferred form
of deposit comprises a polymer matrix in which the
active agent or compound is dissolved or otherwise
dispersed. Preferably the matrix is loaded with a
progestogen selected from the group consisting of
nomegestrol acetate (NOMAc), natural progesterone,
levonogestrel, etonogestrel, dydrogesterone,
medrogestone, medroxyprogesterone acetate, megestrol
acetate, chlormadinone acetate, cyproterone acetate,
gestonorone caproate, demegestone, promegestone,
nesterone, trimegestone, norethisterone
(norethindrone), norethisterone acetate, lynestrenol,
ethinodiol acetate, norethinodrel, norgestrel,
norgestimate, dienogest, 



gestodene, drospirenone, and any other suitable
steroidal compound with progestogenic activity. Most
preferably the matrix is loaded with etonogestrel
within the range of 10-70% wt etonogestrel, but more
preferably 30-65 wt% and yet most preferably 40-65
wt%. The core matrix may comprise an EVA polymer,
preferably an EVA material with >10% vinyl acetate
(VA), more preferably >15% VA%. [0018] According to a
further preferred embodiment the rate controlling
structure comprises a membrane surrounding the matrix.
The membrane preferably also comprises EVA, in
particular EVA with a VA percentage of lower than 40%,
preferably lower than 33% and most preferably lower
than 28%. Such a construction is believed to be most
advantageous in ensuring a controlled release of the
compound at a steady rate over a prolonged period.
Since the membrane forms part of the deposit rather
than the frame, each may be optimised independently of
the other. [0019] According to a further aspect of the
invention, the deposit is substantially form stable
and is not eroded during use. Due to the fact that the
deposit is not eroded, there is little danger that it
could exit from the open structure of the frame during
prolonged retention in the uterus. In particular, the
frame may be provided with large openings. Another
attribute of aform stable deposit is that the
mechanical integrity of the IUS remains intact due to
interaction of the frame and deposit. [0020] According
to a still further aspect of the invention, the
deposit may be manufactured in the form of a rod
shaped element having a circumferential surface and
two end surfaces. Preferred dimensions for the rod are
1.5-3.0 mm diameter and 20- 45 mm in length for a
single rod although under some circumstances diameters
as low as 1.0 mm may provide sufficient release. In
general, the dimensions may be largely dictated by
standards bodies such as according to the
above-mentioned ISO -7439.2002, which limits the
overall length of an IUD to 36 mm. It will also be
understood that different dimensions may be applicable
e.g. if the deposit were to be located within an arm
of an IUD device. Such deposits have been found
convenient to manufacture by extrusion processes and
may be subsequently cut into desired lengths for use.
In particular, a deposit may be formed by a
co-extrusion process to form a rod shaped polymer
matrix surrounded by a release rate determining
membrane. On cutting the extruded rod into lengths,
the exposed ends are not covered by the membrane. In
this case, it is desirable that the frame covers the
two end surfaces to prevent or reduce release of
compound from these regions in particular, the initial
burst on commencing use. In this case in particular,
it is the membrane around the circumferential outer
surface of the deposit that is exposed by the open
structure of the frame. To maximise the dosage
retained in the deposit and/or to increase the
strength of the system, the rod may extend
substantially the whole length of the IUD. [0021] The
present invention also relates to a method of forming
an intrauterine system, the method comprising forming
a frame having an interior space and an open
structure, providing a deposit of a biologically
active compound, the deposit having an outer surface
provided with a rate controlling structure and
inserting the deposit into the interior space such
that a substantial part of the outer surface is
exposed through the open structure. In particular, the
provision of a deposit of a biologically active
compound may involve providing the compound in an
existing galenical form for insertion into the frame.
[0022] Preferably, the method further comprises
applying a closure to an opening in the frame to
prevent removal of the deposit from the interior
space. The application of the closure may comprise
bonding the closure to the frame to prevent removal
thereof and may take placein an automated procedure
e.g. by gluing, welding or hot stamping. As indicated
above, in a 



preferred embodiment, the opening and its closure is
located at a forward end of the frame. [0023] In a
further preferred embodiment the method comprises
forming the deposit by coextrusion of a polymer matrix
containing the compound and a rate controlling
membrane. [0024] According to yet another aspect of
the invention the method may comprise forming the
frame by injection moulding. The frame and its closure
may be formed in a single moulding operation or
alternatively may be formed as two distinct components
e.g. using different materials. BRIEF DESCRIPTION OF
THE DRAWINGS [0025] The features and advantages of the
invention will be further appreciated upon reference
to the following drawings, in which: [0026] FIG. 1 is
a perspective view of a first embodiment of the
invention; [0027] FIG. 2 is a sectional view of the
IUD of FIG. 1 along line 2-2; [0028] FIG. 3 is a
perspective view of a second embodiment of the
invention; [0029] FIG. 4 is a perspective view of a
third embodiment of the invention prior to assembly;
[0030] FIG. 5 is a perspective view of the embodiment
of FIG. 4 after insertion of a deposit; [0031] FIG. 6
is a perspective view of a fourth embodiment of the
invention; [0032] FIG. 7 is a perspective view of a
fifth embodiment of the invention during insertion of
a deposit, [0033] FIG. 8 is a perspective view of a
sixth embodiment of the invention; and [0034] FIG. 9
is a perspective view of an inserter and IUD assembly
according to the present invention. DESCRIPTION OF
ILLUSTRATIVE EMBODIMENTS [0035] Referring to FIG. 1,
there is shown an intrauterine system 1 according to a
first embodiment of the invention. The IUD 1 has a
body 2 comprising a stem 4 with a pair of laterally
extending arms 6 connected at its upper end 8. At a
lower end 10 of the stem 4, thereis provided an eye 12
to which is connected a nylon thread 14. The stem 4 is
formed by a frame 16 having openings 18 to an interior
space 20. Within the interior space 20 is located a
rod shaped deposit 22. [0036] FIG. 2 shows a
cross-sectional view through the IUD 1 taken along
line 2-2. FIG. 2 shows more clearly the frame 16 of
the stem 4 and the deposit 22 received within the
interior space 20. FIG. 2 also shows the deposit 22 to
comprise a core 24 and an outer membrane 26. Core 24
is formed of a matrix consisting of EVA copolymer with
a vinyl acetate percentage of 28%, to which a quantity
of biologically active compound has been added. In the
present embodiment, the core 24 is loaded with
etonogestrel at 54 wt% with respect to other core
materials. The skilled person will be aware that other
medications or biologically active compounds may be
incorporated and that other loadings may be
considered. Additionally, the core 24 comprises 12 wt%
OfBaSO as a radio opaque indicator. The membrane 26
has a thickness of around 40 microns and consists of
EVA copolymer with a vinyl acetate percentage of 15%.
The skilled person will be aware that other membrane
dimensions and compositions may be used, as determined
by the desired release rate of the active compound
from the core 24. The deposit 22 has an overall length
of 30 mm and a diameter of around 2.3 mm. The stem 4
has an overall length of about 36 mm and external
diameter of about 3.2 mm. [0037] Manufacture of the
IUD 1 takes place by injection moulding of the body 2
in a single piece including stem 4 and arms 6. To this
end, the body 2 comprises a PE/EVA mixture including
barium sulphate in a 44/36/20 wt % mixture. The
presence of barium sulphate 



improves x-ray visibility of the finished product. The
thread 14 is then attached to eye 12 by a simple
hitch. After forming the body 2, the rod shaped
deposit 22 is inserted into the frame 16 by passing it
through one of the openings 18 and sliding it towards
the upper end 8. The deposit 22 is sufficiently
flexible to allow it to bend slightly into an S- shape
such that the other end of the deposit 22 can be
inserted into the lower end 10 of the stem 4. The
frame 16 is also flexible and assists insertion of the
deposit 22. The deposit 22 is now effectively retained
within the frame 16 and cannot exit without being
manipulated by a user. The IUD is then ready for use
and can be conventionally inserted into the uterus of
a user by a medical practitioner using an otherwise
conventional inserter.[0038] FIG. 3 depicts a second
embodiment of an IUD 100 according to the invention in
which like reference numerals preceded by a 1 will be
used to represent the same features as in the system
of FIGS 1 and 2. According to FIG. 3, IUD 100
comprises a body 102 having a stem 104. The stem 104
is formed by a helical coil 116 having openings 118
and an interior space 120. The coil 116 is preferably
made of metal but could also be a moulded plastic
component. Arms 106 are integrally formed with an
upper end 108 of the stem 104 in which the coil 116 is
embedded by a moulding procedure. A lower end 110 of
the stem 104 is also formed as a moulding and provided
with an eye 112 to which is connected thread 114. A
deposit 122 is retained in the interior space 120. The
deposit 122 may be generally identical to that of FIGS
1 and 2. Insertion of the deposit 122 into interior
space 120 takes place by deformation of the coil 116.
Although the thread 114 is depicted as attaching to
the lower end 110, it may also be desirable to pass it
through the stem 104 to attach at the upper end 108.
In this manner, tension on the thread 114 to extract
the IUD 100 will not cause stretching of the coil 116.
[0039] FIGS. 4 and 5 depict a third embodiment of an
IUD 200 according to the invention in which like
reference numerals preceded by a 2 will be used to
represent the same features as in the system of FIGS 1
and 2. According to FIG. 4, the IUD 200 comprises a
body 202 having a stem 204 formed in two frame halves
205, 205' having snap elements 209. Eyes 212, 212' are
formed at lower ends 210, 210' of frame halves 205,
205'. An upper end 208 of the stem 204 carries a pair
of arms 206. [0040] The body 202 is formed in an
injection moulding procedure having living hinges 207,
207' between the frame halves 205, 205' and the upper
end 208. After insertion of a deposit 222, the frame
halves 205, 205' are snapped together to form the stem
204 as shown in FIG. 5. The deposit 222 is now
retained in interior space 220. Deposit 222 may be
generally identical to that of FIGS 1 and 2. Thread
214 is then passed through eyes 212, 212' further
restraining the frame halves 205, 205' from opening.
[0041] A fourth embodiment of an IUD 300 according to
the invention is disclosed according to FIG. 6 in
which like reference numerals preceded by a 3 are used
to represent the same features as in the system of
FIGS 1 and 2.[0042] IUD 300 is generally similar to
the embodiment of FIG 1 and comprises a body 302
comprising a stem 304 with a pair of laterally
extending arms 306 connected at its upper end 308. At
a lower end 310 of the stem 304, there is provided an
eye 312 to which is connected a nylon thread 314. The
stem 304 is formed as a frame 316 having openings 318
to an interior space 320. Within the interior space
320 is located a rod shaped deposit 322. Unlike the
embodiment of FIG. 1, IUD 300 also includes a cap 330
covering an opening 332 formed through the upper end
308. The cap 330 has a smooth outer surface that
blends into the upper end 308. The cap 330 allows
insertion of the deposit 322 during manufacture of the
IUD 300. After insertion the opening 332 is closed by
the cap 330 which is fixed in place by a welding 



procedure. Alternatively or additionally, the cap 330
may be glued to the body 302 using an appropriate
adhesive or may be hot stamped thereto, or any other
appropriate technique. [0043] FIG. 7 depicts a fifth
embodiment of an IUD 400 according to the invention in
which like reference numerals preceded by a 4 are used
to represent the same features as in the system of
FIGS 1 and 2. [0044] Referring to FIG. 7, the IUD 400
has a body 402 comprising a stem 404 with a pair of
laterally extending arms 406 connected at its upper
end 408. As in previous embodiments, stem 404 is
formed as a generally open frame 416. A lower part of
the stem 404 is however formed as two flexible legs
405, 405' having mating lower ends 410, 410'. Eyes
412, 412' are formed in the lower ends 405, 405'.
[0045] The body 402 is formed in an injection moulding
procedure and the legs 405, 405' are sufficiently
flexible that they can be spread apart for insertion
of a deposit 422. After insertion, the legs 405, 405'
return to their original positions. A thread 414 is
then passed through eyes 412, 412' to restrain the
legs 405, 405' from opening so that the deposit 422 is
retained in interior space 420. Legs 405, 405' may
also be provided with snap connectors (not shown) at
their lower ends 410, 410'. [0046] FIG. 8 depicts a
sixth embodiment of an IUD 500 according to the
invention in which like reference numerals preceded by
a 5 are used to represent the same features as in the
system of FIGS 1 and 2.[0047] Referring to FIG. 8, the
IUD 500 comprises a pair of flexible arms 506, 506
joined together connected at their lower ends 510.
Each arm 506', 506 carries at its upper end 508 an
open frame 516, integrally formed therewith. An eye
512 is formed at lower end 505 to receive a thread
514. As can be seen, one arm 506 is longer than the
other 506' and both are sufficiently flexible that
they can be folded together for insertion of the IUD
into an insertion tube, whereby the frames 516
substantially align with one another within the tube.
Each frame 516 comprises an interior space 520 in
which a deposit 522 is retained as in previous
embodiments. [0048] FIG. 9 shows an inserter 600 for
introduction of any of the IUDs 1, 100, 200, 300, 400
and 500. The inserter 600 comprises a thin- walled
hollow tube 602 having an outer diameter of 3.9 mm and
an inner diameter of approximately 3.3 mm. A slideable
ruler element 604 is mounted on the tube 602 to assist
a medical practitioner in correct positioning of the
device. IUD 1 is initially in a retracted position
within the inserter with only the arms 6 exposed at a
first end 606 of the inserter 600. The thread 14
extends from a second end 608 of the inserter 600,
where it can be held by the practitioner. Insertion of
the IUD takes place in an otherwise conventional
manner and will not be further described here in
detail. The IUDs of the present invention may also be
used with other inserter arrangements in which the IUD
is provided at the end of a wand or holder, rather
than within a tubular element. Furthermore, although
the arms 6 of the IUD are shown folded around an
outside of the inserter tube in the embodiment of FIG.
9, it will be understood that they may also be folded
together within the inserter instead. [0049] The
invention has thus been described by reference to
certain embodiments discussed above. It will be
recognized that these embodiments are susceptible to
various modifications and alternative forms well known
to those of skill in the art without departing from
the spirit and scope of the invention. In particular,
although all embodiments have been shown with
laterally extending, curved arms, other shapes are
possible including but not limited to straight,
branched and curled arms. Other forms of retention
elements may alternatively or additionally 



be used to maintain the system within the uterus.
Accordingly, although specific embodiments have been
described, these are examples only and are not
limiting upon the scope of the invention.WHAT IS
CLAIMED IS: 1. An intrauterine system for the
retention of a biologically active compound within the
uterus of a female mammal, the system comprising: a
deposit of the compound, the deposit comprising a rate
controlling structure that controls a rate of release
of the compound within the uterus; a frame defining an
interior space for receipt of the deposit, the frame
having an open structure allowing access to a
substantial part of an outer surface of the deposit;
and one or more retention elements for retaining the
frame within the uterus. 2. The system according to
claim 1, wherein the frame is generally flexible and
interacts with the deposit to form a mechanical
structure having a stiffness greater than that of
either the deposit or the frame alone. 3. The system
according to claim 1 or claim 2, wherein the deposit
is in the form of a rod shaped element having a
circumferential surface and two end surfaces. 4. An
intrauterine system for the retention of a
biologically active compound within the uterus of a
female mammal, the system comprising: a deposit of the
compound, comprising a generally rod shaped element; a
substantially flexible frame defining an interior
space for receipt of the deposit, wherein the flexible
frame and the rod shaped element interact to form a
composite structure having greater stiffness than
either the rod shaped element or the frame alone; and
one or more retention elements provided on the frame
for retaining the frame within the uterus.5. The
system according to any preceding claim, wherein the
frame comprises an opening for allowing introduction
of the deposit into the interior space and a closure
member for closing the opening. 6. The system
according to any preceding claim, wherein the closure
member comprises a substantially impermeable plug. 7.
The system according to any preceding claim, wherein
the closure member is located at a forward end of the
frame and a retrieval element is located at a rearward
end of the frame. 8. The system according to any
preceding claim, wherein the frame is formed of a
substantially inert material, preferably a
biologically compatible polymer. 9. The system
according to any preceding claim, wherein the
retention elements are integrally formed with the
frame. 10. The system according to any preceding
claim, wherein the deposit comprises a polymer matrix
core. 11. The system according to claim 10, wherein
the polymer matrix core comprises an EVA polymer
comprising more than 10% vinyl acetate and the deposit
has a diameter of from 1.0 mm to 3.0 mm, preferably
from 1.5 mm to 3.00 mm and a length from 20 mm to 45
mm, preferably about 30 mm. 12. The system according
to any preceding claim, wherein the deposit comprises
a rate controlling structure comprising a membrane
surrounding the deposit, preferably comprisingan EVA
polymer having less than 40%, more preferably less
than 33% and most preferably less than 28% vinyl
acetate. 13. The system according to any preceding
claim, wherein the deposit is substantially form 



stable and is not eroded during use. 14. The system
according to any preceding claim, wherein the deposit
comprises a progestogenic steroidal compound selected
from the group consisting of nomegestrol acetate
(NOMAc), natural progesterone, levonogestrel,
etonogestrel, dydrogesterone, medrogestone,
medroxyprogesterone acetate, megestrol acetate,
chlormadinone acetate, cyproterone acetate,
gestonorone caproate, demegestone, promegestone,
nesterone, trimegestone, norethisterone
(norethindrone), norethisterone acetate, lynestrenol,
ethinodiol acetate, norethinodrel, norgestrel,
norgestimate, gestodene, dienogest and drospirenone.
15. The system according to any preceding claim,
wherein the frame has an open structure allowing
access to at least 50% , preferably at least 60% and
more preferably at least 70% of a surface of the
deposit. 16. The system according to any preceding
claim, wherein the deposit comprises two end surfaces
and the frame covers the two end surfaces to prevent
release of compound therefrom. 17. The system
according to any preceding claim, wherein the frame
comprises an elongate stem in which is located the
interior space and the retention elements comprise
arms, laterally extending from the stem. 18. The
system according to any preceding claim, further
comprising an inserter comprising a hollow tube into
which the frame may be received.19. The system
according to claim 18, wherein the inserter has an
outer diameter of less than 4.0 mm. 20. A method of
forming an intrauterine system comprising: forming a
frame having an interior space and an open structure;
providing a deposit of a biologically active compound
the deposit having an outer surface provided with a
rate controlling structure; and inserting the deposit
into the interior space such that a substantial part
of the outer surface is exposed through the open
structure. 2 1. The method according to claim 20,
further comprising closing an opening in the frame to
prevent removal of the deposit from the interior
space. 22. The method according to claim 20 or 2 1
further comprising bonding a closure to the frame to
prevent removal of the deposit. 23. The method
according to any of claims 20 to 22, wherein the frame
is formed by injection moulding. 24. The method
according to any of claims 20 to 23 further comprising
forming the deposit by co-extrusion of a polymer
matrix core containing the compound and a rate
controlling membrane. 


