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A DELI VERY SYSTEM FIELD OF THE | NVENTI ON The present
invention relates to a delivery systemconprising a
core 5 and a nenbrane encasing said core, wherein
said core and mem brane consist essentially of an

el astomer conposition and said core conprises at

| east one therapeutically active agent. The present
in- vention also relates to a method for controlling

t f | east one therapeutically active
fg@ﬁﬁm%ﬁm\éry system com 10 prising a core and
a nenbrane encasing said core, wherein said core and

menbrane consi st essentially of an el astomner
conposition and said core conprises said at | east one
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ration has been administered or inserted to the
pati ent. |If such an initial burst occurs, the concen 2

The use of drug delivery systems for the delivery of a therapeutically
active agent, which systems provide for steady release of a thera-
peutically active agent to a patient’s body at a controlled rate over a
prolonged period of time in order to achieve a desired physiological
or pharmacological effect, have proved beneficial in many therapeu-
tic areas. A principal advantage of employing sustained-release
compositions is that many therapeutically active agents would oth-
erwise be rapidly metabolised or cleared from the patient's body,
thus necessitating frequent administration of the therapeutically ac-
tive agent to maintain a therapeutically effective concentration.

A problem often faced in controlling the release of the therapeuti-
cally active agent by using a slow releasing preparation is initial
burst, i.e. the release of a relatively large amount of the therapeuti-
cally active agent right after the preparation has been administered
or inserted to the patient. if such an initial burst occurs, the concen-
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tration of the therapeutically active agent in the

bl ood nay exceed the perm ssible upper limt, which
may be dangerous to the patient. Initial burst can be
prevented to a certain extent by selecting the form
of the therapeutically active agent and the rel easing
material, 5 but a basic soRution for preventing
initial burst has been the subject of extensive
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is released fromthe controlled rel ease conponent and

P e R B SRR WL g e
gradabfe antd/omabidradable polymer or copolymer dissolved in a
non-toxic organic solvent, the additional time required to release the
therapeutically active agent from the controlled release component
will enable the formulation to solidify into a solid implant without the
initial loss of a substantial amount of the therapeutically active
agent. Once formed into a solid matrix, the permeation of the thera-
peutically active agent is based on the rates the therapeutically ac-
tive agent is released from the controlled release component and
from the implant matrix. The second mode is governed by the rate
of biodegradation and/or bioerosion of the implant material.

On the other hand, in making the polymer microspheres the con-
trolled release components, such as cyclodextrin, also serve as a
buffer and reduce denaturing of a sensitive therapeutically active
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On the other hand, in making the polynmer m crospheres
the con- 35 trolled rel ease conponents, such as

cycl odextrin, also serve as a buffer and reduce
denaturing of a sensitive therapeutically active 3
agent, e.g. when the m crospheres are conpressed into
pellets. The buffers usuaBly dissolve nore quickly
than the polyner and hereby facilitate the rel ease of
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polymeric matrix. The formation of the solid matrix from the liquid
delivery system is, however, not instantaneous but typically occurs
over a period of several hours. During this initial period, the rate of
diffusion of the active agent may be much more rapid than the rate
of release that occurs from the subsequently formed solid matrix.
The initial burst can be decreased by incorporating the active agent
into a controlled release component and combining the controlled
release component with the liquid polymer systems described for
example in U.S. Patent Nos. 4,938,763, 5,278,201 and 5,278,202.

International Patent Application WO 01/08717 A1 is related fo im-
plantable devices, where the therapeutically active agent is incorpo-
rated into a controlled release agent, such as polymer micro-
spheres, which steadily or intermittently release the therapeutically
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30 into a controlled rel ease conponent and conbi ni ng
the controlled release conponent with the liquid
" pol ymer systens described for exanple in U S. Patent
Nos. 4,938,763, 5,278,201 and 5, 278, 202.
I nternational Patent Application WO 01/08717 Al is
related to im plantabl e devices, where the
therapeutically active agent is incorpo 35 rated into
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the skin and water penetrates through the reservoir wall into the core. During
these initial stages the release rate of the therapeutically active agent slowly
increases until the concentration of the therapeutically active agent in the
reservoir wall reaches steady-state levels. The delay before steady levels are
achieved in plasma can be avoided by loading the reservoir wall of a single
core reservoir system with the therapeutically active agent to give a priming
dose of the therapeutically active agent. The loading of the reservoir wall can
cause an initial burst. The magnitude of the burst or delay in the release of the
therapeutically active agent can be modified by varying the amount of the

therapeutically active agent that is loaded.
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reservoir wall reaches steady-state |evels. The del ay
before steady |l evels are 30 achieved in plasma can be
avoi ded by |l oading the reservoir wall of a single
core reservoir systemw th the therapeutically active
agent to give a primng dose of the therapeutically
active agent. The |l oading gf the reservoir wall can
cause an initial burst. The magnitude of the burst or
delay in the rel ease of the therapeutically active
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the 15 20 25 30 35 5 release behaviour shown by
non- encapsul ated beta-estradiol within a silicone 5
matri x. It was found that incorporating biodegradabl e
mcroparticles wwthin a silicone matri x | essens the
initial burst of release often seen with these types
of fornmulations and provides a controlled rel ease of
t herapeutically active agent. 10 The above
applications concentrate on injectable fornul ations,
wherein the controlled release or regulating nmateria
and the therapeutically active agent are located in
the sane phase of the delivery system 15 The initia
burst effect, i.e. the anobunt of therapeutically
active agent typically released in the first 24-48
hours, is non-efficient by resulting in the | oss or
rel ease of a relatively | arge anmount of the
therapeutically active agent. |If the therapeutically
active agent is not well tolerated, this initial burst
is likely to lead to side effects and may cause
damage to the adjacent tissues. In any of
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20 the above cases, these effects may prohibit the use
of that certain formulation, if the burst effect
cannot be m ninmzed. The devel opnent of delivery
systens with reduced or elimnated initial burst
effect woul d represent a significant advancenent. The
efficiency of such 25 systens woul d be inproved,
since a greater percentage of the active agent woul d
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admnistration of a therapeutically active agent at a
substantially constant release rate for a prol onged
period of tinme, said systemconprising a core and a
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flexible releasing system which has a snmall cross
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effdet iwsuly ypsésont aadsignificant advancement. The efficiency of such
systems would be improved, since a greater percentage of the active agent
would remain in the device for sustained release and not be lost during the
initial burst. The possibility of side effects would be reduced. There is,
therefore, a continuing need for controlled release systems that will facilitate
the sustained release of a therapeutically active agent in a patient's body

without creating an initial burst of therapeutically active agent.
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met hod as descri bed below in the independent clains. A
typi cal delivery system according to the present
i nvention com prises a core and a nenbrane encasi ng
said core, wherein said 25 core and nmenbrane consi st
essentially of an elastonmer conposition and said core
conpri ses at | east one thebapeutically active agent.
The nenbrane conprises at | east one regul ati ng agent.
eal nt invention is
/bﬁé??oﬁwtgg@‘r@sg%@?%ﬁ”ﬁg l\gggﬁ?ate of at | east
one therapeutlcally active 30 agent froma delivery
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therapeutically active agent.

Still another object is to provide a safe and flexible releasing system,
which has a small cross section and which is easy to insert and
convenient to wear.

Thus, the present invention concerns a delivery system and a
method as described below in the independent claims.

A typical delivery system according to the present invention com-
prises a core and a membrane encasing said core, wherein said
core and membrane consist essentially of an elastomer composition
and said core comprises at least one therapeutically active agent.
The membrane comprises at least one regulating agent.

A typical method according to the present invention is a method for
controlling the release rate of at least one therapeutically active
agent from a delivery system comprising a core and a membrane
encasing said core, wherein said core and membrane consist es-
sentially of an elastomer composition and said core comprises at
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In this description, the term"therapeutically active
agent" is often used in singular. It is to be
understood that the sane given details apply when
several therapeutically active agents are used. 35
The invention is thus based on the fact that initial
a
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oneerggd;latih@ggagbmmpekexttre%efmembcme af said Wediseryfsystem.
conpounds in the nmenbrane of a delivery systemthat
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Figure@oillustrzateg thoe rdsulidioigxahgie 2i nt o t he menbrane and
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Flgﬂlﬁérﬂllluétﬁétbé tﬁ@%é@ﬂshﬁwgmm@g menbrane nateri al _
physically or chenmically. '5 The present invention is
therefore related to delivery applications for

D62 Db SRR ETIONGR T i'ﬁgéﬁfﬁ&@ od of time ant
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emtivadimgents dftibe firoremtibat i on mat eri al s, physi- cal
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the system The burst effect, where the initial
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bi ndi ng them to t he nmenbrane and thus pr Ohl biting
the burst effect. The present invention introduces a
In e hdesaviptiad the term “therapeutically active agent” is often used in

singular. It is to be understood that the same given details apply when several

therapeutically active agents are used.

The invention is thus based on the fact that initial burst of therapeutically
active agent(s) can be controlled and adjusted by adding at least one
regulating agent selected from certain types of compounds in the membrane
of a delivery system that is capable of forming chemical bonds, complexes or
conjugates, in which the therapeutically active agent is operatively associated

with a regulating agent, immobilizing or binding with the therapeutically active
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justing burst phenonena and acquiring a negative burst
effect at its 25 best. In a negative burst effect, the
rel ease rate of the therapeuti- cally active agent is
steadily accelerating fromzero, reaching snoothly
the normal release rate instead of being nmuch higher
at the very begi nning of 8he rel ease and then
decreasing fromthere to the normal therapeutic
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|ﬁ%§rg%rﬁ‘?f§e‘ﬂeéé(n %@b%ﬁh@ioﬁ% 'rﬁéﬁﬁ)réné%@té\*‘@l ﬁhysmally or
encasing sald core, wherein said core and
g‘i\%‘ﬂlﬁﬁ Y.consi st es- sentially of an el astoner
conposition and said core conprises said 35 at | east
diiee phesentdnventdn ys HndreVereagdated thdelivany applivations for

B E ol B BB I B8 ey v
me anggal peiiad offime and startingufiom he bﬂgmmﬁgmfamrapy
é‘i‘r’é a lBWﬁl'ﬂfélJiMst GEH%‘%é}%g%” tl'c%ﬂ Sﬁc%l‘?re aruT%ent or o

ence co tot

Mﬁblﬁﬂi BllorincSiésh @RR igatighs, enkel ﬁ@ﬁﬁrr&g@ @valsa pisignged
‘ii’r‘ﬁéra] fl{aﬁeﬁgﬁi t@éféd ?%H\éﬁ ding th@efdrmmétl@ﬁ&ﬁatmmy phys:-
Cabclipensiats pnd Reraseyiebiertve giRnf dof o dbe vistem.
a'l'gtmburé’theffeetg Iuﬂllm&nenmagahal pzleabe ?‘nmaﬂtmﬁaeuépali‘jb ac-

Secihoh AR St BISTUEGR it g o
zm’ﬂek'/éel@@§ﬁt sansptcabiite dinge offroa nmtlaﬁu@r@seﬁbira/entlon
VVI t f ?l&:ﬁ&sl@’ﬂ%’;‘? bﬁbhgn’lfq/léh?t hefeprililaton Bf the de&idedns

he "t her apeuti cal Ive agents, e.g. via van
qer Waal s farces

fitoeagrasnt hreton fhe Rt 2euratoa B2 ai Annorial is
tibeateldast theemeneb rawricke pbasingathieycane oheontainat cpmprising
St AL BB TS To AR P 4 Bcvea by
agtonmations of ehesaical bendse ngmlﬁxesn@pmuqajesfor weak in-
Qél‘éﬁe?eﬁﬁl?@nds Y éﬁﬁhé'r'@g ﬂ‘leq?ﬁgéﬁt 8fd the molecyles

rrns t t
wApeiticall dsuvecasent Biel & Peyraloansdi or the Sore

Srﬁémteﬂdand binding them into the membrane and thus prohibiting
the burst effect. The present invention introduces a method of ad-
justing burst phenomena and acquiring a negative burst effect at its
best. In a negative burst effect, the release rate of the therapeuti-
cally active agent is steadily accelerating from zero, reaching
smoothly the normal release rate instead of being much higher at
the very beginning of the release and then decreasing from there to
the normal therapeutic window.

A typical method according to the present invention is a method for
controlling the release rate of at least one therapeutically active
agent from a delivery system comprising a core and a membrane
encasing said core, wherein said core and membrane consist es-
sentially of an elastomer composition and said core comprises said
at least one therapeutically active agent. The regulation is per-
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fromthe group consisting of al pha cyclodextrins, beta
cycl odextrins, gamma cycl odextrins, hydroxypropyl

cycl odextrins, maltosyl f3- cyclodextrin,

(3-cycl odextrin sul fobutyl ether and a cycl odextrin
poly- mer. 25 Qther applicable regul ating agents

i nclude plant extrudates s@ich as gum arabic, seaweed
extracts such as agar, guar gum starches,

t h ' .
AR 4P Phe e BEEP Bpu! R idmerane
bﬁSaﬂylell‘J@ﬂy systém. oses, car boxy- net hyl cel | ul oses,
carboxyllc derivatives of cellulose, glycerol esters,

%@\ gp§¢é‘ fééﬁ rq)é%uer‘iﬁ’ﬂd“?ne Qﬁéﬁﬂﬁaﬁéaéllastomer
0

0SO gl nat es,

W)Sl?&ﬁ' i d@ﬁengtnq/ ORcits Sé%‘? ergnge QWr@gﬁ'@r e ﬁ&?m-

bhaﬁevélegtdrﬁék nisteerk! oe clesmicdliynintegie nsoranbaglas-
? tOXI city profi 1e and should preferably not be

chelpg.i cularly useful 10 regul ating agents are
therefore cycl odextrins (a, R or % and cycl o- dextrin
ddva \tetinv &eegulating cageatiess r uaedt eres’s)snnean paet borst-

%Bﬁﬂjoﬂihecj Qggﬁ :Wﬁlchgsdrﬂ%g t%égﬁ%{&? Riith afY 'réléa@fnd ’ﬂfera-

hera- 5 peutl

peutically gelive. agmt &\etﬁgu @Hng @@qmuqarhber Y4 $
Wﬂbﬁﬁg%éﬁé’élemﬁfdﬁﬂ ﬁﬁagﬁ@ﬁ1|@a7!nboﬁ§s aebirplerdes ror conju-

alss S T relBabiion i B BRueany SEER aghinis; BE BBy of
tfdmenm@une oromorel lkost-gsesif assodimtongenia nanberedingiinter-

ok h%é*éégﬁ???%"?ﬁycﬂvé%é&ﬁs 81d;ofa fap et Waals
joioes, dydiegan| bonding: Hdippla-dipale isteractians e dd-pariag,
%L E:éﬁ“t?e HRM [REIHE' eia%%@m%ﬂ %Wrﬁtﬂhﬁlééwﬁbr Q{heml-

e regul at | gent 1In nbrane. Fi'nally, the
%MlqlrWIYdFPQ“@ E%W@xc%?'néonj ugate be- tween the

regul ati ng agent and the therapeutically active agent
motél &P abeembediratht &f the qoneseol linventidrg saidt iegulat-

0 S, ARy AR Aot
rogglﬂchamtmgs anehmodifigd mlmmgnay&c@ﬂ@ngﬂw apotheri em-
DEdindet dfithe prasbRfthwintiort! 8 kfulkting agent is selected
from the group consisting of alpha cyclodextrins, beta cyclodextrins,
gamma cyclodextrins, hydroxypropyl cyclodextrins, maltosyl f-
cyclodextrin, B-cyclodextrin sulfobutyl ether and a cyclodextrin poly-
mer.

Other applicable regulating agents include plant extrudates such as
gum arabic, seaweed exftracts such as agar, guar gum, starches,
fermentation gums such as dextran, animal products such as gela-
tin, cellulose derivatives such as hydroxyalkyl celluloses, carboxy-
methylcelluloses, carboxylic derivatives of cellulose, glycerol esters,
mono- or polyglycerides, pectins, carrageenan, polyethylene glycol,
liposomes, alginates, albumin and sorbitan fatty acid esters and
crown ethers.

For pharmaceutical uses, the regulating agent should have a low
toxicity profile and should preferably not be toxic. Particularly useful
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Wth cyclodextrins, a powder form substance can be

di ssolved into 20 ethanol to mx it honogeneously
into the nenbrane polyner. In that case ethanol nust
be renoved after m xing, by vacuum or heat de- pending
on the crosslinking method of the elastonmer nmaterial.
According to an enbodi nentlQof the present invention,
the nmem brane conprises one regul ati ng agent.

(E0BAbaCa0Sat Bl e Bl subREleils (bnd, RO A oyl
dextrin derisiatives.her nunber of regul ating agents, such
as three four, five, six, seven, eight or nore

X%ﬁde%tﬁﬁg'tﬁéié&e?ﬁ@'ﬂgjrt Jﬁéoﬁ‘iyl’é’%‘foﬁﬁaﬁd)ﬁﬁ@ﬂ@é‘h y-

ﬂﬁ@ph@bmpawggrpfgm%annéo gFH nwﬁhh\/@mqi%rhwﬁ ﬁ?@ﬁd@lﬁfa-

peutiealy bietiveyetitsal structure, i.e. size, dinensions
and shape of the core and nenbrane parts of the

T e e
be aphiewed im several sugiyisal Firgtndghe amalan rcaataerw @fa|reactlng
%\g\é'n‘f n tﬁ@ rhgh{m%%%éw belad %l‘éf'édf WI§H K¥ped to the amount

evice or any
o d@omﬂlﬁ?@ ohractive agent ;@J@ageéuet%@emltﬁe@w& %ﬁpeaﬁly,
e pARoR sige of the reglialing @”ge?lt%ttheuhemb/rmraet@mer

%%zefﬁéfadu?#fagééﬁélb%i@i@b@ﬁ%ﬁ?@aﬁyﬁﬁﬁe‘?@@% fis iy
ni@he(rnale wirtlesstequal distitaion)i efathe regulalingaggent imitee
TiGRIRAEn Aty oRiP oty BfPRRY EBhREkeat \doriigstd ve-
ﬁW@eﬁt ma@gulahng reeestt ram the therrane@ltwallw aqtkye agent can
g{rs‘c?g)@ Qﬁe?ﬁeT e sheBRtrofihgtthe iPitfl e8ldadePofhe Brabeu-

or.e..an rane sai d
Yisally @stive A it bugst GAE ReuABRSERY Py anging the
¢egtalhattiiﬁgf eﬁtm@lgt Ib;nu:rs]Tigﬁh?dimdypmt | p)lllcnmmhet ® d ioyclageedrin
l.N [ A SucC a | a OoWs e
%teagtge %‘e@e){t@g‘nst ant rel ease rates of the
therapeut| cally active agent(s). The regulatin )
AYhtQyolodexteinsi @ powdesfoms w@a’caneeaﬁrb%erdlﬁﬁo&eidamto
@th%?ﬁb%ﬁ‘ﬁit%rﬂ%ﬁbn%u% n'td‘ 'thé %eﬂh@rﬁﬁé fbolilt%te? ln that
e release r e_ onsb ant rel ease] ?
sasecotb@nol must be remove er mixin y vacuum or heat de-
pending on the crosslinking method of the elastomer material.

According to an embodiment of the present invention, the mem-
brane comprises one regulating agent. According to another em-
bodiment, the membrane comprises two regulating agents. The
membrane may also comprise any other number of regulating
agents, such as three, four, five, six, seven, eight or more different
regulating agents. The amount of different regulating agents can be
the same or different.

The formulation of the present invention is intended to mean the
physical structure, i.e. size, dimensions and shape of the core and
membrane parts of the system as well as the therapeutically active
agent, which is loaded in the core part. The system can be an im-
plant, an intravaginal ring, an intracervical device, an intrauterine
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The main object of the invention is thus obtained by
the choice of the regulating agent(s). The core

consi sts essentially of an el astomer conposition, that
is, 20 the core is an elastomer matrix, wherein the
therapeutically active agents are dispersed.
Therefore, even if the nenbrane encasing the core
woul d be damaged, the therapeutically active agents

Rl A f SRR deloS B RLAGH SR D E B de-
eAmhamg an imppdant typeditrudiure ofhe systan sapealshozampsse
LM e g e

ageple: (e oS 64 thi MmN, s Teh Gar DR:HAISAIVEN # bio-
Qﬁbrﬁb@tnlﬁl@ﬁh{a?téﬁal %imél@tr theywthbréﬁ@tmw abtlvesa@éﬁt) The

BYSTeB Gt arsoysonsistcdra Py arutCal iafiVe Rady bFdny
saparats pgrtaoft ther apsten ctalnrruoram ithe steayegth afstheustiucture

eorgtO Al tbgqhgeﬂ chrF Bf%glfdlcbhgeﬁg %temagﬁaaédw pblht of

cont Di ron W
.s. Alternatively, the core can consi st of the
therapeutical ly active agent or agents in a mxture

FHd cBPa iR Rid hi@hbrare Rl E sairF core I@:bﬁ:snsl?essentlally

?ﬁcordl ng t&ganotp {a ?rrbodl ment” af. the invention, th
FeSsPIsHLICrght GasIQRS! COPPRUNPY: each part

conprising at |east one therapeuti - cal ly active

dden elastbmes| aanpositionouped in the snedbsand lsaucm tnad it al-

&%?elrl’leagi:é’ H%‘té‘ﬁnfn%fc{, r@oﬁs‘ibﬁ??@lebﬁé‘eﬁatgés f e gﬁérafp%htl-

aadlyeaslie mgant(s). wihe wegul@tln@oagea&ﬁsél addedying m spem-

@éﬁe@é&ﬁ)méh%@@r@ eﬂl@W B @ Lﬁ‘éﬁmé]ﬂsd)f tHe anigdl rslsbse
to, each ﬁper or in.s art of acore

SIS the Telsdse,tatd fetohe b, cintanbelise, & 28ni

Chd inmaihi objeet ofstheumvenh ¢iohsisnihiLgr abtam?dstw lblhelcamjce of
(L hi S the invention. 10 If several parts
Xﬂ“g@%aﬂbﬂf‘@ %@%@t(gi he different parts may or nmay not

be separated from each other by a separati on nenbrane.
The conercansistayessentially of abnelastomer c«arapesiéions iaat is,

e e fs"8n é13% ef‘?Hétrle v}/ﬁere?h ﬁh@rtlﬁéﬁéuhééiw aictive

Accor to an e Oﬂ}ﬁ F % Vemr'n&g
A JRasedof NeTolargaevel T Uik raemBaaRe Encasing
the core would be damaged, the therapeutically active agents would
not be released in a completely uncontrolled manner causing side
effects to the patient. The elastomer composition of the core is thus
chosen so that the membrane primarily regulates the release of the
therapeutically active agent. The release rates in general can be
controlled by the membrane alone or by the membrane together
with the core. It is also possible that the release rate is mainly con-
trolled by the core.

The core may consist of one part comprising a therapeutically active
agent as such, e.g. in liquid or crystallized form or optionally in com-
bination with other therapeutically active agents. Alternatively, the
core can consist of the therapeutically active agent or agents in a
mixture with pharmaceutically acceptable excipients.
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15 layer having a certain thickness. The thickness of
the layers nay be the sanme or different and the

el astomer conpositions used in each |ayer may al so be
the same or different. The nmenbranes encasing each
above-nentioned part of the core nmay al so be identica
or dif- ferent in either tle el astoner conposition or
the structure of the 20 nenbrane (one or severa

@{pﬁ){ ﬁhg t-egh%ﬂéﬁfi r‘mﬁﬁh gétsgg frrfelefrp%htlbﬁy thé rc%ng consists
gihvatsleast ot parts mach r comprisiegrat l6ast e feerapeuts-

r@'llga%@th\é@ga?%rﬁf THee diAstoARéY Ebmpadition& st | $aicApRitsS are

FoRen-pRAaTAInGotH B Felease T Gestrod ANg feryRidRs sme
td?gﬂffgp%ﬁa:ﬂ inaddch @@n VEc@aweing go theembodiment aguliich rige
2o Chriss-ge Ve o e PR e TS mav e slther ey

timmedahext meealchceﬂherrmrolrsepahaa wauaihat onetpart of a core

TR eaﬂeaéf)gahgy 3RBHer' G4 drane! sore! Aﬁgﬁcaﬁfqvﬁénm of

ment 1 one a ove

atm@r@ets natwrrgkbxé possible and withinp the scrpeng
18Pt Ip@rl% SF8aFaréd Iu@@dmﬁ@ronﬁﬁ@remqaart@ niéseoﬁmy(iﬁot

B S siatef Borh BastL oMie 1 a EparSt e R ishe "

el astoners that are interlaced, one inside the other.
Tiree tembtarieamaBbconsist of onei oit made dayersysachaas paastwo

ﬁﬁfeé.édWPgm\H‘?r& é’?@%@?‘ lafers: %E%cﬁdm té’fanoélln\ﬁgﬁﬁrent of
rtbeenyeatl@n, the: men@ranas@@aﬁéstssogmd@asteéwodayer% gach
élahQVIhQVa?bertéfﬁ fhickR8sS i TiHé Whlckﬂeﬁéldﬂhéﬂéyéfymay be

eieé%a”éiqrﬁq?%er aoathe flesfimet caipemives ised,in each
et aisel by the- s@nel oredifszent.f Tleenrmemidrasesnemdéasing
%Sb%‘vé’ﬁ?%ﬁﬁ%@%?&%SENE‘Q?RE?%&S%'%W&%' or dif-
fferardpieueitber Ithe alasmmeagmmpasn sl or dbet gructure of the
‘fﬂé‘ﬁﬁéﬁé n(%hb ﬁév:% her §| ca cotnl?ﬁm@iﬁbh Gﬁaﬁf@iérﬁpfay-

actlve agent

&S -oft EerRbiane 6 eeaﬁwhlcd@ﬁrs)s et {ratggahorkath gives a

Gfuftﬁéﬁ 0sBILIHY ot wridmIley the aehaslie rateseotthe tiserapeuti-
surface. and t e characteristics of any matrix

cally active agents

Depending on the application used for the delivery of a therapeuti-
cally active agent and the number of therapeutically active agents,
one or more regulating agents can be used, as discussed above.
The regulating agents can be in the same membrane but they can
also be placed into separate parts of the membrane and/or in sepa-
rate layers of the membrane.

Elastomer compositions mentioned above, namely the elastomer
compositions of the core, the membrane and the possible separa-
tion membrane, can be the same or different and may stand for one
single elastomer, or the elastomer composition may be made up of
elastomers that are interlaced, one inside the other. The term "elas-
tomer" is intended to mean at least partly amorphous polymer or a
mixture of polymers, the deformation of which caused by the strain
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or menbrane. Exanples of commonly used pol yneric
materials include, but are not limted to,

pol ysi | oxanes, ethyl ene/vinyl acetate copol yners
(EVA), and copol ynmers of dinethyl sil oxanes and

met hyl vi nyl sil ox 15 anes. The structural integrity of
the material may be enhanci®d by the addition of a
particul ate material such as silica or diatonaceous

arih 2l _a al

Rbvorslue, §ehe Bepcifiled St ribdRdsnid B Ot level
after dipe @liadn.pr operti es whil e taklng i nto account that
they need to be bioconpatible and harm ess to the 20

rﬁﬂﬁpleA%ﬁ}Q eﬂ%ﬁarﬁﬁ% GaPf a5ehl £ %@Qﬁléﬁé& jond@s it is

e1ls
BinRrpahble. domueYar. (06 relass KHeNgs ot frrapeugiglly ac-
mésa nt fronv ancekstdmekieddeidleryesystdire depeatioomrthe mo-

e P, BOBISE 1 LR AR B et
actly(aciagentrge‘. widlloa tieg cherai\tsylstlcs g)ﬁ tzgﬁabam:r the per-

ﬁ?é’g?é Itd ot'Pl n'lg? #fgth% ra épﬁc iy Hetie eh ORe dis-
e o e ol SR e o

t@nré?élim fts SSuHhdeo Byidathiey tRacisiisiids of iamyPmatrix
sald %Féﬁa kyl ene oxi de) groups being present as
5’“‘6?&’ finated grafts or blocks linked to the

pol ysil oxane wunits by silicon-carbon bonds or as a
Hxaropkesodf dossmonty msed pblyimerie anaterialsvinehitdesnbuf are

toé' ﬁﬁﬁl‘eoﬁl ohtﬂﬁlkgﬁéxarféﬁco%@hgggbﬂn ﬁ@%g é“’(prd?{/mers

I nven oxan ase toner

&Ewc)x.ami SIOPORINHO t%lm%mmlpxaeﬁﬁsala@t@@ﬂade stlox-
HiesSI THé @Rucird] hﬁte‘@rit?WeU Frhétérlal enay be enhanced by

Tos sidifion X P atedrit8lal Sudt asegica i A8 gabB8us
et eT o klastomire cartalsd bémBée PAvith- Ghevoamtdithbest o ad-
Thst SERISHERY, haBBHRE or HRALPBRIC BrobBRids"Whie' Biking
into account that they need to be biocompatible and harmless to the
patient.

According to a preferable embodiment, the core is made of a silox-
ane based elastomer composition comprising at least one elastomer
and possibly a non-crosslinked polymer.

The elastomer composition may also be selected from the group

consisting of

- an elastomer composition comprising poly(dimethylsiloxane)
(PDMS),

- an elastomer composition comprising a siloxane-based elas-
tomer comprising 3,3,3-trifluoropropyl groups attached to the
Si-atoms of the siloxane units,

- an elastomer composition comprising poly(alkylene pxide)
groups, said poly(alkylene oxide) groups being present as
alkoxy-terminated grafts or blocks linked to the polysiloxane
units by silicon-carbon bonds or as a mixture of these forms,
and
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oxi de) groups nentioned above are pol y(ethyl ene oxide)
(PEO groups. 10 The nethods for the preparation of
these el astonmers are given in the applicant's other
patents and patent applications. Different types of
systens The system can be any system suitable for
delivery of the therapeu- 14 cally active agent at a
controlled rate over a prolonged period of 15 tine.

Thus, the.,s em variety of shapes and
for rT@l ?Wbé{ﬁforﬂ Q@FI‘?%%?W@ ttqnﬁg peut ically active
agent at controlled rates to different areas of the
bknbprdfﬂgetd aneembodiraent bé the inventian iarpe sijgxansr-based
ga @rtoaéphg&agﬁﬁeggs% %Oﬁﬁtﬁé stbsHtyBHEr &ft&ched to

[ i ca ctive
nel- zamn% othe sHaxang Lmj § ﬁge ﬁyéaﬁoﬁﬁl&ﬁm R gtpups.
GFHé eragatige Toe thévgﬂbmﬁ[}eht@|thdeser@xt£3,lﬁatnfllmrdgropyl

b b BN sS1p T 50 Eoclapetint o)

active agent in the body tis- sues, intravagi na
rAcn:gmdlnmtd anethéroambadiment ohtheinvention |tbesp0Iy(alkerne

ggpe g@gg&bﬁc{ eébcﬁi@%%”ﬁﬂ%eﬂﬂﬁ H8Vb&idie)S (PEO)

aneous use travagi nal |ng
@"'Oldﬁsi ntrauterine system (I1US). According to the
nost preferred enbodi nents, the device is an inplant

fiHe N@lﬁ%@nﬁﬁum@mparamnl of tiegerdlastorystseare gieen in

TR et §yfies Bfchty M BRer AP RIS Rape ana o1 o

of the system 30 nay al so be freely chosen by the
Riffevent typesofisystemart. It is also evident that the
systerrs according to the invention nay be applied to

gst%?n \A,%H bé%riy% eﬁﬁﬁéﬁltam%rtdwv@w bme/tﬁy@tp@m

exa erl ne system
aly actie SOt 24 Oﬁ t FilesVele PUPIIQROEH Period fof
3iraé eﬂhushtrf&lsaﬁt@nbezam@ke% widy \ariety of rmmpebsl and forms

TRk S Bnistefind 1o BEPGoeo RS S EWE BBER Bt ety s

Rk adpupisteting
tthe:hffec@ntoaretaseof $lys thmdy. Tie bontiosy canviee mpl@dsto any
ftﬂ baTof f%{r?lca%% Ty f@ng;f ad’ th?y Uonstst’of a'Membrane control-

er apeu ?
ling the release of a therapeu ically active agent and a core contain-

ing the therapeutically active agent. The invention includes external
and internal drug delivery systems, such as transdermal patches,
implants for releasing a therapeutically active agent in the body tis-
sues, intravaginal rings, intracervical and intrauterine devices.

According to a preferred embodiment, the device is an implant for
subcutaneous use, an intravaginal ring or an intrauterine system
(IUS). According to the most preferred embodiments, the device is
an implant for subcutaneous use or an intrauterine system.

The manufacturing of such systems is discussed below, even
though it is well known in the art. The shape and size of the system
may also be freely chosen by the person skilled in the art. It is also
evident that the systems according to the invention may be applied
to humans as well as to animals. When the delivery system is for
example an intrauterine system, it may further comprise a body
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The variety of different therapeutically active agents
can be used in conjunction with the invention.
Therapeutically active agents can be m xed as such
with above materials or they may be used in liquid 10
formm xed with suitable diluents such as pol yet hyl ene
glycol (PEG. The amount D§ the therapeutically

act ive agent incorporated in the delivery system

$BihED A5ESRCR e BT shStE WhRl bARIRPBRAE Uty bio-
tdarepatiblewniateriat. e thisteasd, sthexperg-sembranestascture of
%he FRte %g%fnofav ¥6rth ntc,%fn %bg MRS oVt fhé/BbH N the

SI ze es can e for.nu ror adm

igyas fh@rbadwreama\ﬁw&aaae&t PURS, 8 qume %r
c,fl t| cal upper limt on the anount of therapeutl caI Iy
actlve agent i ncorpo rated in the device. The | ower

epen y of the therapeutically
\&,Ig %Hdts%%ﬁy 3%%Q§h d release tine. A per 20
son skilled in the art is readily able to determne
tTHee aadetit obdifferent therapsudicaliyldcfivecagentsagantbenseaddn

;
SRV VR BT TR, B g e
iMixese aécﬁLLC Mrh aboye: materials ¥eyemﬁwe798w3 igy liquid

VBAR mixddwith>aftabié dillibats 2acle bl léhe ghyet 4P
anount Xbe| ng bet ween 20 - 60 wt- %Sﬁ Qyﬁg}y posglwbl eq B9,

T Edlnt BF A5THBrafeulcly, 2657 Bkrt At st in the
\nelwerwsystemwameandiemdmgoomth% paHicuwar éhesﬂp@tmlly
%E?ﬁ/b%g@ﬁt HHbegééﬁééF’cﬁgrad;S%ﬂ% b)‘fe@?‘a‘ \(Saet}?@%i‘i‘ﬁ 8P ivihich

wever*i s not

ﬁh@awg@m Mhiaxpgeied dooprovige ;Ih?éaPMa lrﬁ% énvarlesxy of de-
A/EEH Wlfﬁﬂvé@/nﬁ@'Sfizé@‘éﬂﬁtsﬁ?épe’@ﬂah%@%wﬁ@l@wﬂ ddr iaangifis-

gorda e Wth f ardt\Xﬁ Iﬂglera eutlcalﬂjc\’/|
Siingeasadas for dffeieqt ek faheitcen akohs. [S28Pfdfica
s.lnperalﬂnnod)mohheeamdmtl ok thdrapandicaD\Ritiveoagené incorpo-
t

ST SR ST Teg R ey of e
thetapepticadlyt activey agent rand axpe@teférremﬁeapm@té per-
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core accordin nown

therapeutica gctlve agent nee ed ?or each speC|f|c application of

the delivery system.

Preferably, the amount of therapeutically active agent in the core
varies between almost zero to 70 wt-%, when it is mixed into the
elastomer, the preferred amount being between 20 - 60 wt-%. Other
possible ranges of the amount of the therapeutically active agent
are 0,5 - 70 wt-%, 5 - 65 wt-%, 10 - 50 wt-%, 25 - 70 wt-%, 50 - 60
wt-% and 40 - 50 wt-%. The core can also consist of pure therapeu-
tically active agent, which however is not recommended due to a
risk of system breakage.

Manufacture of implants

The implants according to this invention can be manufactured in ac-
cordance with standard techniques. The therapeutically active agent
is mixed with the core matrix elastomer, such as polydimethylsilox-
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5 by nechanical stretching, swelling in a suitable

sol vent, such as cycl ohexane, diglyne, isopropanol,

or m xture of solvents, or dip- ping. Reference is
made to the patents US 3,832,252, US 3,854,480 and US
4,957, 119. An especially suitable nethod for
preparation of the inplarié is disclosed in the
Flnnlsh patent FlI 97947. This patent 10 discl oses an

T B
memiﬂfmad abpsehprecassastita the fdesired shaps bvcmo , ggst-
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cut at ntain no
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nedl cat e or es. use I N nra | N
chloexegR, dofPis siotrapnel o BikAlis St Hikents, or gie-
pind .aRefarsrce cstmaxée e e patemtsd)By3, 8§2r2j5%,| US| 3,854,480
%ﬁ@ﬂ%%? iy Ay %%g%la?l&%bdlpatb’lé“fﬁéﬂ‘fo%af %‘EM%P%@N@@ of
€ rntradtérine’s
fee limplasia is sliscl ondd dgyihe Lipnishepatend Rl {7 feFfisepatent
S 5eS 'é#ﬁ)emfushcsrﬁ fté@ﬁhéld”gﬁ' Whiére fprafduticeretoids eon-

Ias

|s a T- e, of rmterl aI such as
nihg ribBeRctveBURRAE L e coated By JnEDENe.
Eﬁcﬁmsubh\rodgsafom@mmpﬂb afdilbme/bymothafbeod without any

EPIRE B0 RbAG 78R T ot & SR ﬁe"ﬁﬁ%efq ARriAm o

mneta@eme\bm dbis wayesia spaei@l isealing o thﬁ esdstakthe im-
fg‘ I,)attached thread [ ong enough to protrude
ut 0 e cervical canal when the device is in
osition |n the rus. .In di cated i,ntrayter,i
Ewamma émQh@Papfglﬁ Riedicgtest eptRS Hgefl nstiatertecand
istrécenidat aset ems rép@s@wt&)m; applieationodf an implant and

Grortie B arf%sﬂgﬁgt%f U?‘@%@@Eﬁ&%ﬁﬁw‘ﬂ"eﬁ\&? fix vith the

therapeutl cally active ent di spersed therein. The
rintramermeeﬂmlsetramrw @ysiems hat i s made of an
el astonmer. The reservoir adjusted around the stem of

Wgﬁtﬁggﬁ %.Yeﬁlaé‘an Be H\%d@@é’é@\@i @@WI KﬁbWﬂ\ tech-
or t cture. o
Mg A PIRTCERIaNTELfEIG SYSRI, @5§§n0rf MRS sys-
a@ml irecopmion use is a T—shaped body made of plastic material
such as polyethylene. The body consists of an elongate member
(stem) having at one end a transverse member comprising two
wings. The elongate member and the transverse member form a
substantially T-shaped piece when the device is positioned in the
uterus. The device has an attached thread long enough to protrude
out of the cervical canal when the device is in position in the uterus.
In medicated intrauterine systems the therapeutically active agent
intended to be released is in a core or a reservoir adjusted-around
the body. The core or reservoir preferably consists of the elastomer
matrix with the therapeutically active agent dispersed therein. The
matrix is encased in a membrane that is made of an elastomer.

The reservoir adjusted around the stem of the T-shaped body can
be manufactured by using methods described above for the manu-
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the stemafter which the matrix is encased by a
menbrane. The el astoner conposition of the matrix and
menbrane of the reservoir can be the sane or
different. 5 The invention is further illustrated by
the followng, non-limting ex- anples. EXPERI MENTAL
PART The rel ease rate of the therapeutically active
substance fromthe device was neasured |n vitro as

L T

the sstens tafter whichs the i mabixids GW&S@dt Yad fpesabranenlh
¢ assﬁ?eﬁ‘@ﬁ‘:ﬁ\?b%lti@nt Bf e nﬁ’@tYlkcéﬁd WeEMPAAE &St thet ﬁsservonr

I ni ng of a dissolution
Fadi en %S@”\‘/ﬁ op H{ﬁﬂ?ﬂiypropyl cycl odextrin sol ution.

The gl ass bottles were shaked in shaking wa 15 terbath
T®R Inverdion3is furthiéreilldstratedi tiyotherésllowingason-limmdtiraywex-

Irgspl aced by a fresh dissolution nmedi um at
ermned time intervals, and the anobunt of the
rel eased substance was anal ysed by using standard

E(RPERIMENEALTRARJoncent rati on of the dissolu- tion

medi um and the nonment of change (w thdrawal and
e R4 FRB! Of e rm@wpémeﬂlysabﬁ%eﬂ;bﬁgnbbatrom the

é@%{k condi ti ons vg i ned during the test.

75t Wab IREAZYL? frhv'itrﬁ)( ?ﬁ\ﬁ%@?vﬁﬁl ring The ability to
control the initial burst effect was denonstrated with
daeadelvices Gimplaet,iintrandgbgd ity indraservical or intrauterine

e RN Aoty IO aalepee:
mongand\mp gers withi the davigebrusrapl aged intel a§§sbottles
'dbﬁltém q@/hﬂ(& éwég@lgﬁbhl medg]ttkmf@p aw??) Lﬁﬁﬁoayptdwl

tﬁ?g‘n' o i bofles ek ket B aking wa-
¢@tfhiaiht190® Tptihat 37eﬁb‘,r artee wissolotioe mediurhewasswithdrawn
S b e it FrsOunBRIet Ry Bt BRedetifd time
inteevalsneaidntheg ameunthel e teleasetysuhstanee ayastanalysed
i uélﬁgS&ahgbﬁd ﬁm %étmm éBﬁcéﬁﬁéﬁbﬁ%ftthé $i856lu-

rane silicone rad'ﬁf
fiene madiumendr the moment of @.@ﬂg%r{w replace-

PRERY Ot m@@ﬁlm&Néré@éﬂadwdSw|thaﬂglﬁﬂl@oﬁﬁnbns were main-
tained during the test.

Example 1 Danazol in intravaginal ring

The ability to control the initial burst effect was demonstrated with
danazol, a synthetic androgen hormone (17alpha)-pregna-2,4-dien-
20-yn[2,3-d]isoxazol-17-ol, by using an intravaginal ring (IVR) appli-
cation in vitro for up to 32 days. Hydroxypropyl B-cyclodextrin
(HPBCD) was used as the regulating agent. Three different implants
with different hydroxypropyl B-cyclodextrin (HPBCD) contents in the
membrane were made and the results were compared to corre-
sponding implants without any added HPBCD. All the implants con-
sisted of a core containing the therapeutically active agent and a re-
lease rate-controlling membrane encasing the core. The core and
the membrane silicone elastomer rods were manufactured by extru-
sion and the implant compositions were made by swelling the mem-
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18 brane in propanol, as explai ned above. The content
of the therapeu- tically active agent was 20 w-%
(wei ght percent) in the core and the m cronized
hormone was m xed into the elastonmer with a m xer be-
fore extrusion. The dianeters of the VR rings were
ca. 50 - 55 nn15 and the @é&ri phery of the cross
section ca. - nm the thick- nesses of the
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ERBED conterite ofethe amembirane varse Al Tvavt-%, h1 Zkwéds and
how the results for 7.7 w-%
Zgé&g ont ? t“}ély? i

he nmenbrane with 0.25 mm wal |
t hi ckness. The full triangles t. th
dbepeasitlis/are sbown i Figurg ﬁé ?’gﬁﬁ Wgrq release rate
f@r ‘é'é)‘ﬁésa?regf( ) B(d*mmﬁﬁ sh'Eber ab'the%qaﬂils&snd ldatystsrmwn in
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cat on

O snmewall dhiokeesa. TBe THbanenglesaanpsent i Eatrbarafive
reysltd fora Muhbfaetvifrokvallt ﬂ'ﬂckmssmé 0.3t mn rartdvthe full

SEaTSS i e FR RALANG s TR T hep et i W
$ieicknaebstof eS8 mime rel ease rate in the stable phase and
the initial burst cannot be nerely reduced by

E@éﬁ%tlfl@u}i?ﬁmi”l@ Wnﬁdﬁ@&hoﬁ@e%ﬂf@‘irﬁé sfgrhmcant im-

ease rat fhe t rap tlvea
mwner&tdcf ireducing d ?s'@i‘% ugst sloifgégn?Z(Pl roé'%s\?/\hﬁone
ted hpplitdttor. Thé ikl burst effect found with all the HPBCD
modified samples shows a negative initial burst effect. According to
Figure 1, the initial burst without the modification is five to ten times
that found for modified sampies and three to five times that found for
the release rate in two weeks dissolution. The results show that
without any regulating agent the magnitude of the initial burst is
several times the release rate in the stable phase and the initial
burst cannot be merely reduced by changing the formulation of the

samples.

The release rate of the therapeutically active agent with HPBCD
modified implants shows a slightly increasing trend for the first two
weeks until it achieves a zenith point, where the release rate is at
the maximum level. After that point the release rate of the therapeu-
tically active agent presents a normal decreasing release profile as
seen in the reference samples. For example thecurve of empty tri-
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weeks until it achieves a zenith point, where the
rel ease rate is at the maximumlevel. After that
point the release rate of the therapeu 35 tically
active agent presents a nornal decreasing rel ease
profile as seen in the reference sanples. For exanple
t hecurve of enpty tri 19 18ngles, with 0.17 w % HPBCD
content and 0.7 nm nmenbrane wal |, conpared to an
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propanol. The outer dianeter of the inplant core was
The presentrinventionhwasealgiontested- with am implant siandaining

I
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RD'\/S4(8851rm The cohtentesfuthtes therapsiutieally raativguagent iy the
(%gf%rﬁéﬁaf% VW% e trfi&n{d“rsh@ Erﬁ&%ﬁc%%a%‘s 025 YAnfaper
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efer t | fcﬁﬁéanHéWHFfEB(SD' tentent
2&?gtﬁ i6 rﬁfﬁzj1 trﬂ%er thén W@Z@%&%m@@om BniTHe

r-an |
ShdheHmRAnGRararang 40 g 156 DRpEdng S ke of
REQLRBMS (FBitrshand PDMS(85ast-%)cor e having an
outer dianmeter of 2.5 mnand a length of 40 mMmm and a

40, 8 S FISER 28N eTBL Fbere

petticallyi activen agent r(ug/da,néh@Wnofn y-8%S) HaraHa timeetria

%ﬁno% x-8K€) t@ﬁef@ﬂ’%@@ Watds Pépr%s%ﬁtfmé reBaft§ff@ﬁQﬁe
Referrrglgclzg QIS theclgggngeg Irggresen?%e resuﬂnPftor an |mp|ant hav-
ing a HPBCD-containing membrane and the triangles illustrate the
results for Reference 2. Reference 1 comprises a core having an
outer diameter of 2.5 mm and a length of 40 mm, and a membrane,
the thickness of which is 0.25 mm. The implant having a membrane
containing 1 wt-% HPBCD has a core with an outer diameter of 3.03
mm and a length of 44 mm, and the membrane wall of 0.25 mm.
Reference 2 comprises a core having an outer diameter of 2.8 mm,

a length of 48 mm and the membrane with a wall of 0.25 mm.

Referring to Figure 2, the release rate profiles of gestodene are
smoother than previously presented for danazol in Example 1 as the
total decrease of release was only 30 % in 14 days with both refer-
ence samples. However, the cyclodextrin modification smoothed the
release rates from the implants and the maximum decrease of re-
lease was only ca. 6 % in two weeks. In addition to that, cyclodextrin
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a length of 48 mMmm and the nmenbrane with a wall of 0.25
mm 30 Referring to Figure 2, the release rate
profiles of gestodene are snoother than previously
presented for danazol in Exanple | as the total
decrease of release was only 30 %in 14 days with both
refer- ence sanples. Howew€r, the cycl odextrin
nodi fi cation snoothed the release rates fromthe
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ek only 0.5 % while for the reference sanples the
decrease was 8.4 % and 11 5 % Exanple 3 Fluorinated

E¥aBhReas it e Ry SRR fBuEg) system
@dhtS)progestin de- rivative (FAP,
11- (4- Acetyl phenyl )-17-hydroxy-17-(1,1,2,2,2- 10

Pﬁ%gut Eﬁ&ﬁ& c‘)ﬁ \AP§§ festéd WitldizeMudrinardd taﬁtlpr 2ges’un de-
BraliEecD iRt | A Tt ASARERIP R - By raatyal 6 1oy 22,2
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suietling ageat WasIEPPIRRAIO han  the core and the
t hi ckness of the nenbrane was 0,25 mm Figure 3

Fﬂh%s&ﬂrﬁl%n‘t I thé'tﬁé?dtﬁlc@ll fadtni\ve adrenteipethiei cerel glastomer

s B8 7 mn $hfiquiey BRG] B CoBhas 4 R8T 2 82 pm
enn!ele(l@lyém .B8hoh. i mmhdhe memprananwased mondonger than
?i%'&ﬁfe ‘Jeith r of e ﬁ'%fﬁf)?a?wé sieé% rﬂr’ﬂe Figure 3

ererence sa osan

plressmhsdtt@ releapesiate off e th@'a@@éltlga"w@&twna%aﬁ e/,
%ﬁ@wrﬁﬂ?th Axis ffrcﬁﬂUtWB FpP @&itaﬁmg nmﬁammlrﬂe &fstems
- %_and tri 8es reresenth sults f he
@ﬁﬁ gggg’gqn of ‘ume? ays, shown In the X-axis compared 103 ref-
erence sample. Indeed, the squares represent the results for the
reference sample, the losanges illustrate the results for the cyclo-
dextrin modified membrane, when the amount of cyclodextrin was 1
wt-% and the triangles represent the results for the cyclodextrin

modified membrane, when the amount of cyclodextrin was 4 wt-%.

According to Figure 3, the initial burst is decreased with both cyclo-
dextrin-modified membranes. When the amount of cyclodextrin was
1 wt-%, there is still some burst effect remaining. In addition to that,
the release rate profile of the therapeutically active agent is higher
for both cyclodextrin modified samples than for the reference sam-
ple and the level of the release rate is higher, when the amount of
cyclodextrin in the membrane was 4 wt-%. However, with FAP the
profile, i.e. the shape of the curve, of the release rate after two days
is similar for the reference and modified samples.
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nodi fi ed nenbrane, when the anount of cyclodextrin was
4 wt-% According to Figure 3, the initial burst is
decreased with both cyclo- dextrin-nodified menbranes.
When the anobunt of cyclodextrin was 1 wt-% there is
still sonme burst effect remaining. In addition to
that, 30 the release rate2rofile of the
therapeutically active agent is higher for both
%'%X”i n nodi fi ed sanples than for the reference
e and the level of the release rate is higher,
when the anmount of cyclodextrin in the nmenbrane was 4
wt % However, with FAP the profile, i.e. the shape
of the curve, of the release rate after two days 35
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5. The delivery system according to any of the claims 1-3, -
characterized in that the membrane comprises two regulating
agents.

6. The delivery system according to claim 5, characterized in that
said regulating agents are present in separate parts of said mem-
brane.

7. The delivery system according to claim 5 or 6, characterized
in that said regulating agents are present in separate layers of said
membrane.

8. The delivery system according to any of the previous claims,
characterized in that said delivery system is selected from the
group consisting of transdermal patches, implants for releasing a
therapeutically active agent in the body fissues, intravaginal rings,
intracervical and intrauterine devices.



brane. 25 7. The delivery systemaccording to claim5
or 6, characterized 1in that said regulating agents
are present in separate |layers of said nenbrane. 8.
The delivery system according to any of the previous
clainms, characterized in that said delivery systemis
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