
I                   EP 0 478 671 B1                 2 Description
pamine agonists precludes continuous In vivo infu- sions as means to reduce
motor deficits in Parkin- Background of the Invention
son's disease. Therefore, what is needed is a method of continuous
orconstitutive delivery of an undegrad- The technical field of this
Invention is the treat-   5   ed, active neurotransmitterto a localized
target region ment of neurological diseases and, in particular, the
deficient in that neurotransmitter. treatment of
neurotransmitter-deficiency and dys-       In an attempt to provide a
continuous supply of function diseases.
dopamine and related drugs to the brain at a control- Neurotransmitters are
small molecules (less than  led rate, miniature osmotic pumps have been
used. 1 kilodalton (kD) molecular weight) which act as   io   However,
limited solubility and stability of dopamine chemical means of
communication between neurons.   and related drugs, as well as reservoir
limitations, They are synthesized by the presynaptic neuron and  have
restricted the usefulness of this technology. released into the synaptic
space where they then of-  Controlled drug delivery has been attempted by
im- fect receptors on postsynaptic neurons.            planting devices
Including a drug incorporated into a Neurotransmitter deficits have been
Implicated in  15  polymeric device EP-A-O 290 891). Controlled sus-
various neurological diseases. Lack of neurotransmit-  tained release has
also been attempted by implanting ter-mediated synaptic contact causes
neuropatho-   dopamine encapsulated within bioresorbable micro- logical
symptoms, and can also lead to the ultimate  capsules (McRae-Degueurce et
al. (1988) Neurosci. destruction of the neurons involved. Recently, it has
Lett. 92:303-309). However, controlled sustained re- been discovered and
disclosed in commonly-owned   20  lease of a drug from a bioresorbable
polymer relies on International Application  No. PCT/US88104092      bulk
surface erosion, for example, due to various hy- (W089/04655) that
localized delivery of the relevant  drolytic events, increasing the
likelihood of drug deg- neurotransmitter to the target tissue may reverse
the  radation, and rendering predictable release rates dif- symptoms
without the need forspecific synaptic con-  ficult. tact.
25       The implantation of cells capable of constitutively For example,
paralysis agitans, more commonly   producing the needed neurotransmitter,
reportedly in known as parkinson's disease, is characterized by a  response
to environmental needs, has also been at- lack of the neurotransmitter,
dopamine, within the  tempted. Recently, remedial transplantation of neuro-
striatum of the brain, secondary to the destruction of
transmitter-secreting tissue has been accomplished the dopamine secreting
cells of the substantia nigra.  3o  using the patients own tissue so as not
to elicit an im- Affected subjects demonstrate a stooped posture,   mune
response. For example, dopamine-secreting stiffness and slowness of
movement, and rhythmic   tissue from the adrenal medulla of patients
suffering tremor of limbs, with dementia being often encoun-  from
parkinson's disease has been implanted in their tered In very advanced
stages of the disease.      striatum with some success. However, this
procedure These clinical symptoms can be improved by the   35  Is only used
In patients less than 60 years of age, as systemic administration of
dopamine precursors such  the adrenal gland of older patients may not
contain as levodopa (L-dopa)(Calne et al. (1969) Lancet    sufficient
dopamine-secreting cells. This restriction ii:973-978), or dopamine
agonists such as bromocrip-  limits the usefulness of the procedure as a
remedy tine (Calne et al. (1974) Bri. Med. J. 4:442-444) and  since the
disease most often affects older people. (+)-4-propyl-9-hydroxynapthoxacine
(de Yebenes et  40  Furthermore, abdominal surgery performed to al. (1987)
Movement Disorders 2:291-299), both of  excise portions of the adrenal
gland poses substan- which are able to cross the blood-brain barrier, and
tial risks. Moreover, it Is not actually known whether which are converted
into dopamine in the brain. Do-  it is the dopamine or other "factors"
produced by the pamine, itself, cannot be administered systemically
implanted cells, or the trauma of the surgery, itself, because of its
inability to cross the blood-brain barri-  45  which alleviates the
clinical symptoms. In fact, stereo- er.
taxic surgery, or the placement of precisely localized However, a number of
drawbacks are incurred    lesions in the brain has been practiced in
younger, when using this type of chemical therapy. For exam-  less affected
patientswithouttransplantation and this pie, other neurological structures
which recognize do-  procedure appears to provide similar relief of parkin-
pamine as a neurotransmitter are also affected. In ad-  5o  sonian
symptoms. The procedure is risky, however, dition, It becomes difficult to
administer the correct  and opinions among neurosurgeons still differ as to
drug dosage with time because the "therapeutic win-  the best way of making
the lesion and what its ideal dow" narrows (i.e., just after
administration, the pa-  location should be. tient is overdosed, exhibiting
excessive spontaneous   Alternatives to the transplantation of a patient's
movement; some time thereafter the drug level may   65  brain tissue also
Include the transplantation of either become insufficient, causing the
patient to again ex-  allograft (identical tissue from another of the same
press Parkinsonian symptoms). Furthermore, the     species), or xenograft
(similar tissue from another of limited potency and/or solubility of most
available do-  a different species) dopamine-secreting tissue. How- 2 



3                   EP0478671 B1                    4 ever, recent studies
have shown that although the  vention. One such device comprises a
biocompatible, brain is considered "immuno-privileged", rejection ul-
implantable, and retrievable polymeric insert Includ- timately occurs with
both allografts and xenografts.  ing a source of neurotransmitter, the
source compris- This problem necessitates the co-adminstration of  ing at
least one neurotransmitter-producing cell; and immuno-suppressors, the use
of which renders their   5   a source of growth factor located In close
proximity to own set of complications and deleterious side-     the
neurotransmitter-producing cells. In preferred effects.
embodiments of this device, the source includes a Therefore, there exists a
need for improved     neurotransmitter which has been embedded within
therapies for neurotransmitter-deficiency diseases in  the insert. The
polymeric insert protects the neuro- general, and in particular, a need for
neurological  io  transmitter embedded therein from oxidation, enzy-
therapy devices which can augment or replace the   matic degradation, and
hydrolysis. It may take any functions of dysfunctional
neurotransmitter-produc-  shape which is conducive for supplying
neurotrans- Ing areas of the brain without causing excessive trau-  mitter,
and which can be accommodated by the red- ma. More specifically, there
exists a need for a meth-  pient. Preferred shapes include a fiber or rod.
od of providing active, undegraded neurotransmitter  15  Useful
neurotransmitters to be embedded within to a localized region of the
nervous system of a sub-  the insert include gamma aminobutyric acid,
seroto- ject deficient in this neurotransmitter, the correct dos-  nin,
acetylcholine, norepinephrine, endorphins, enke- age ofwhich will be
constitutively delivered overtime.  phalins, and dopamine. Alternatively,
precursors, Accordingly, it is an object of the present Inven-  agonists,
active analogs, and active fragments of tion to provide an implantable
neurological therapy   20  these neurotransmitters (e.g. dopamine precursor
L- device useful for the sustained and controlled deliv-  dopa and dopamine
agonist bromocriptine) may be ery of a neurotransmitter to a subject, and
more par-  used. ticularly, to provide a device which can deliver neuro-
The polymeric insert includes pores having a mo- transmitter to a localized
region in the brain of a sub-  lecular weight exclusion of from about 1 kD
to about ject.                                         25   1,000 kD, but
preferably from about 25 kD to about It Is another object to provide an
implantable de-  100 kD. In one preferred embodiment, the polymeric vice
that contains and protects neurotransmitter   Insert Includes a hydrophobic
matrix such as ethy- therein from in vivo degradation such that it is
deliv-  lene-vinyl acetate copolymer. In another embodi- ered to the
subject in an active form. Yet another ob-  ment, the insert includes a
hydrophilic matrix such as ject of the present invention is to provide an
implant-  30   a hydrogel. The insert may additionally Include an Im- able
device which can deliver an amount of neuro-  permeable portion which is
preferably provided by an transmitter responsive to in vivo environmental
outer coating of a pure polymeric material such as needs. A further object
is to provide an implantable,  polyurethane or ethylene-vinyl acetate. The
im- protective cell culture device which is retrievable, and  permeable
portion can serve to make the insert func- whose contents are renewable
with new and/or addi-  35  tionasaconduitforneurotransmitterorwhateversub-
tional source of neurotransmitter.                 stance is embedded
therein, and can also aid In sup- plying the substance to a specific
anatomical region Summary of the Invention                           of the
subject. An alternative neurological device includes a re- Neurological
therapy devices are disclosed for  40  trievable source of neurotransmitter
and a retrievable the local and controlled delivery of a neurotransmitter
source of growth factor In close proximity. The source to the brain of a
subject suffering from a neurotrans-  of neurotransmitter includes at least
one neurotrans- mitter deficiency or dysfunction. It has been discov-
mitter-secreting cell encapsulated within a semi- ered that various
polymeric materials have the ability  permeable membrane allowing the
diffusion there- to protectvarious effector-type" substances, such as  45
through of the neurotransmitter. neurotransmitters and growth factors, from
oxidation,  The term semipermeable" is used herein to de- hydrolysis, and
degradation when such substances   scribe blocompatible membranes that
allow the diffu- are embedded therein. In addition, these polymeric  sion
therethrough of molecules having a relatively materials have the capacity
for sustained release of  low molecular welght, while excluding the passage
of the embedded substance at a controlled rate. Re-  so  those having a
relatively high molecular weight. cently, It has also been discovered that
cells encap-  In one embodiment of the invention, the semi- sulated within
a protective semipermeable mem-     permeable membrane of the receptacle
contains brane, and not in direct contact with a target tissue,  pores
having a molecular weight exclusion of from are capable of producing
neurotransmitter or growth  about 50 kD to about 100 kD. This membrane ex-
factor in response to the needs of the Immediate en-   55   cludes the
passage therethrough of large particles vironment.
such as those which are capable of degrading the 



These discoveries have been utilized to develop  neurotransmitter or
injuring the neurotransmitter-pro- the neurological therapy devices of the
present in-  ducing cells (e.g. viruses, antibodies, complement, 3    5
EP0478671 B1                    6 and various proteases). The semipermeable
mem-         FIG. 4 is a graph showing extracellular dopamine brane can be
made of various polymeric compositions    levels in the brain of animals
having acutely im- such as a polyvinylchloride, polyacrylonitrile, polyvi-
planted dopamine-containing neurological ther- nylidene fluoride,
polystyrene, polymethylmethacry-    apy devices; late, polysulfone, and
acrylic copolymers.     5       FIG. 5 Is a graph showing the level
ofextracellular The neurotransmitter-secreting cell may Include
dopamine In the brain of 3 animals having an im- any cell which is known,
or has been engineered to    planted dopamine-containing neurological ther-
produce neurotransmitter, or agonists, precursors,     apy device 7 days
post-implantation; and active analogs, or active fragments thereof. For ex-
FIG. 6 is a photographic representation of a scan- ample, chromaffin cells
of the adrenal medulla, em-   10  ning electron micrograph of a
dopamine/copoly- bryonic ventral mesencephalic tissue, and various      mer
EVAc insert revealing dopamine particles neuroblastic cell lines such as
PC12 function to sup-  distributed throughout the polymer matrix (A) be-
ply dopamine, and therefore, are preferred for Incor-  fore implantation,
and (B) after Implantation. poration into the device. In some aspects of
the In- ven(ion, the cell is an allograft (i.e., cells from another  f6
Detailed Description of the Invention of the same species as the subject In
which It is to be implanted) or a xenograft (i.e., cells from another of
Neurological therapy devices are disclosed for a different species).
the constitutive and controlled delivery of a neuro- The source of growth
factor is situated such that  transmitter, a precursor, agonist, active
fragment, or It can easily come Into contact with the neurotransmit-  20
active analog thereof to a target region of a subject ter-secreting cells
encapsulated within the semi-  suffering from a neurological dysfunction.
permeable membrane. The growth factor maintains        Exemplary
embodiments of the neurological cell differentiation and/or stimulates the
production  therapy device of the present Invention are shown in and
secretion of neurotransmitter. In one preferred  FIGS. IA-IC In which like
reference characters Indi- embodiment, the source of growth factor includes
a   25  cate the same or essentially similar elements in the polymeric
insert with growth factor embedded there-  various illustrations. FIG. 1A
is a device including an In. In another preferred embodiment, the source is
at  Implantable, blocompatible polymeric insert contain- least one growth
factor-secreting cell encapsulated  ing the neurotransmitter embedded
therein. The de- within a semipermeable membrane allowing the dif-  vice
100 includes a cylindrical cap 20 having grooves fusion therethrough of the
growth factor. The growth  3o  22 on the sides thereof, and a polymeric
insert 30 factor is delivered to the neurotransmitter-secreting  containing
neurotransmitter embedded therein. The cells as it leaches from the insert
oras it diffuses from  insert has a permeable portion 32, an Impermeable
the semipermeable membrane after being secreted    portion 34, and an end
36. Neurotransmitter can dif- by the cells therein.
fuse through permeable portion 32, but not through The Invention will next
be described in connec-  as  impermeable portion 34. tion with certain
illustrated embodiments. However, it  The insert of the neurotherapy device
acts as a should be clear that various modifications, additions,  conduit
for the source of neurotransmitter or growth and subtractions can be made
without departing from  factor as well as a directed passageway to the ana-
the spirit or scope of the invention. For example, the  tomical region or
specific tissue which requires treat- present Invention should not be read
to require, or be   40   ment. In FIG. 1A the insert has the shape of a
rod. limited to, a particular device shape, material, neuro-  However,
itshould be appreciated thatthe insert may transmitter, growth factor, or
cell line described by  have any shape which can accommodate the source way
of example or illustration.                    of neurotransmitter without
causing undue trauma in the subject upon its surgical implantation. Brief
Description of the Drawings             45       The neurological therapy
devices shown In FIGs. 1 B and 1C include a source of neurotransmitter and
The Invention itself can be more fully understood  a source of growth
factor in close proximity. The de- from the following description when read
together  vice 200 shown In FIG. lB includes Insert 30 which with the
accompanying drawings in which:           contains growth factorembedded
therein, and further FIGS. 1A-1C are schematic illustrations of an im-  50
includes semipermeable membrane 50 containing plantable neurological
therapy device according  neurotransmitter-secreting cells 52 encapsulated
to several aspects of the present invention;    therein. Membrane 50 has
the form of a U-shaped FIG. 2 is a graphic representation of cumulative
tube. However, it should be appreciated thatthe sem- 



in vitro release kinetics of eight dopamine/ethy-  ipermeable membrane may
have alternative shapes lene-vinyl acetate inserts;                55  that
will accommodate the cells- such as, for exam- FIG. 3 is a graph
demonstrating rotational behav-  pie, a hollow rod, sack, or multiple
fibers. iorof animals after the implantation of dopamine-  U-tube 50 may be
loaded with cells through end containing neurological therapy devices;
26 or 28. Ends 26 and 28 may be reversibly occluded 4    7
EP 0 478 671 B1                 8 with friction fitted caps 40, or
alternatively with an  of the substance embedded therein. Hydrophilic ma-
epoxy glue or sutures of a blocompatible and nonre-  trices such as
hydrogels (e.g., hydroxyethyl metha- sorbable material. In the device 300
shown In FIG.  crylate, polyvinyl alcohol, and polyvinyl pyrrolidone) IC,
semipermeable membrane 50 containing neuro-    and hydrophobic matrices
such as ethylene vinyl transmitter-secreting cells 52 is accompanied by
rod-   5   acetate are particularly useful. shaped semipermeable membrane
54 containing            The neurological therapy device can provide any
growth factor-secreting cells 56 encapsulated there-  neurotransmitter
which will satisfy the deficiency or in.
remedy the dysfunction. These Include gamma ami- The region targeted for
Implantation of the neu-  nobutyric acid, serotonin, acetylcholine,
epinephrine, rological therapy device Is preferably the brain, as It  10
norepinephrine, dopamine, enkephallns, and endor- is often thesite of many
neurological deficiencies and  phins. Alternatively, the device may provide
an active dysfunctions. Devices 100, 200, and 300 can be sur-  analog,
active fragment, or active derivative of the gically implanted Into the
brain such that permeable  neurotransmitter, or may Include a precursor,
which portion 32 of Insert 30, or semipermeable membrane  after processing,
provides the same activity as the 50 and 54 are in immediate contact with
brain tissues   15  neurotransmitter In the appropriate in vivo location.
and fluids. Once implanted, the cylindrical cap 20 can  The device
mayfurther include an agonist of the neu- be permanently secured to the
skull, for example, by  rotransmitter. screwing it In, and further, by
applying a glue or a ce-  One way of providing the source of neurotrans-
ment such as dental cement to the cap at thejunction  miter Includes
incorporating It into the polymeric in- of the skull and the cap.
20  sert. The encapsulating material provides a protec- in the event that
the neurotransmitter or growth  tive environment for substances such as
neurotrans- factor supply in insert 30 Is spent, the insert can be  mitters
orcell growth factors embedded therein, while removed and replaced.
Retrieval of implanted Insert  affording sustained release ofthe substance
ata con- 30 can be accomplished by pulling it out of cap 20, for  trolled
rate therefrom. For Instance, the use of poly- example, using a pair of
forceps after exposing the   26   meric Insert composed of hydrophobic
matrices re- device. Cap 20 may be located directly under the pa-  duces
neurotransmitter degradation by inhibiting oxi- tient's epithelial tissues
Insert 30 may be replaced  dation and hydrolysis of the neurotransmitter
encap- with a new insert In the event that additional neuro-  sulated
therein. transmitter therapy is required. Cells encapsulated    An
exemplary method for incorporating the ef- within semipermeable membrane 54
(FIG. IC) can   30  fector substance (e.g., neurotransmitter or growth also
be retrieved if the cells cease to produce neuro-  factor) into the Insert
includes fabricating the poly- transmitter or growth factor, expire, or are
no longer  meric from a mixture or complex of the polymeric ma- needed to
correct the neurological dysfunction. Cells  terial and the substance. For
example, a hydrophobic in membrane 50 can be replenished by forcing the
material such as ethylene-vinyl acetate (EVAc) copo- cells out of end 28 or
28 by pressure or suction using,  35  lymer can be dissolved In a sovent to
which a lyophi- for example, a hypodermic syringe.                 late of
a neurotransmitter such as dopamine can be Permeable portion 32 of insert
30 is implanted at  added. The mixture is agitated and fabricated into the
or near the target region, while the impermeable por-  desired shape by
extruding it from a melt. Upon cool- tion 34 confines the
neurotransmitterorgrowth factor  Ing of the mixture, a solid polymeric
matrix containing to within the boundaries of the insert. The permeable  40
neurotransmitter embedded throughout the matrix is portion 32 includes a
polymeric material having pores  formed (see FIG. 6). Contact of the
hydrophilic neu- of a particularsize (i.e., having a particular molecular
rotransmitter with the aqueous environment causes weight cut-off) that
excludes some molecules from  theslowleachingofneurotransmittertherefrom,
lead- passage therethrough, while permitting the passage  ing to the
development of micropores throughout the of others. In this way, the
diffusion of neurotransmit-  45   matrix of the insert. terfrom the insert
to the target region, or growth fac-  The concentration of neurotransmitter
added to tor to the neurotransmitter-producing cells, is al-  the
hydrophobic matrix material is one factor control- lowed, while the passage
of larger deleterious ele-  ling the rate of neurotransmitter release; the
more ments such as viruses, antibodies, complement, and  neurotransmitter
incorporated, the more rapid the re- various proteases is effectively
barred. For example,  5o  lease rate. The particulate size of the
neurotransmit- 



Inserts with pores having a molecular weight exclu-  ter incorporated into
the matrix material is anotherva- sion of from about 1 kD to about 1000 kD
are useful,  riable; the largerthe particle size, the quickerthe rate with
those having pores with a molecular weight cut  of release. off of from
about 25 kD to about 100 kD being partic-  The release of growth factor
from a polymeric in- ularly preferred.                             55
sertcan becontrolled bythe amountof carrerprotein The insert may be
composed of any biocompat-    co-embedded therewith; the more carrier
protein In- ible material having the desired pore size and being
corporated, the higher the rate of grown factor re- composed of materials
which do not limit the activity  lease. However, the ratio of growth factor
to carrier 5    9                   EP 0 478 671 B1                 10
protein is dependent on the levels of growth factor  various cultured
neuroblastold cell lines, such as thatare effective In the physiologic
environmentwith-  PC12. in a therapeutic range. Auseful carrier protein Is
one  In addition, any cell which secretes a precursor, having the ability
to readily dissolve while in the ma-  agonist, active analog, or active
fragment of a desired trix, and having the ability to leach from the
matrix. Mi-   5   neurotransmitter or growth factor having similar neu-
cropores through which growth factor can leach are  rotransmitter activity
can also be used, including, for created in the matrix when the carrier
protein is dis-  example, cells which elicit L-dopa, a precursor of do-
solved by the aqueous environment. Such a carrier  pamine, or
bromocriptine, a dopamine agonist protein is bovine serum albumin (apparent
molecular    Further, any cells which have been genetically weight = about
69 kD).                         10  engineered to express a
neurotransmitter or growth The release rate may also be controlled by the
factor, or their agonists, precursors, derivatives, ana- amount of pure,
impermeable polymeric material     logs, or fragments thereof having
similar effector ac- coating the effector substance-embedded Insert; the
tivities are also useful In practicing this invention. more (orthickerthe)
coatings, the slowerthe release  Thus, in such an approach, the gene which
encodes rate. Materials such as polyurethane or pure ethy-  15  the
neurotransmitter, or its analog orprecursor is elth- lene-vinyl acetate are
particularly useful for this pur-  er isolated from a cell line or
constructed by DNA ma- pose.
nipulation. The gene can then be incorporated Into a Alternative methods of
incorporating the source  plasmid, which, in turn, Is transfected into a
cell such of neurotranamitter include the provision of neuro-  as a
fibroblast for expression. (See, e.g., Maniatis et transmitter-producing
cells accompanied by a source   20  al., Molecular Cloning (1982), herein
Incorporated by of growth factor situated In close proximity thereto. In
reference for further discussion of cloning vehicles this embodiment, a
semipermeable membrane func-    and gene manipulation procedures.) The
cells which tions as a protective cell culture device for the neuro-
expresses the neurotransmitter can be grown in vitro transmitter-secreting
cells. The pores of the mem-  until a suitable density is achieved. brane
should be large enough to enable the exchange   25  Thereafter, the cells
from this culture can be of metabolites with body fluids, and to permit the
dif-  loaded into the neurological therapy device by seed- fusion
therethrough of neurotransmitter produced by  ing a portion of the already
implanted semipermeable the cells therein, but are small enough to bar the
pas-  membrane via an orifice located at the skin surface. sage
therethrough of larger elements deleterious to  Alternatively, small tissue
fragments or culture aggre- the cells. Pores having a molecular weight
cut-off of  30  gates may be preloaded into an encapsulating semi- from
about 50 kD to 100 kD are particularly useful for  permeable membrane which
Is then implanted within this purpose.
the subject. The semipermeable membrane may take any            Various
"growth factors having the ability to useful form such a U-tube, hollow
fiber, cell sack or  stimulate cell growth, differentiation, and/or neuro-
container, or microcapsule. Likewise, if the source of  35  transmitter
secretion may be co-implanted with the growth factor Includes growth
factor-producing cells,  neurotransmitter-secreting cells to Insure
successful they, too are encapsulated within a membrane allow-  delivery of
neurotransmitter to the subject. These Ing for the exchange of metabolites,
growth factor  growth factors may be specific for a cell type or have
production and diffusion, cell maintenance, and    a generalized effect on
a number of different tissues. growth (limited by the boundary of the
membrane).  40  In the case of neurotransmitter-producing cells such For a
furtherdiscussion of such devices, see commoly-  as neurons, growth factors
can act to maintain neu- owned International Application PCT/US88/04092 (WO
rotransmitter production, as well as to promote cell 89104655), the
disclosure of which is hereby Incorpo-  maintenance and growth.
Alternatively, growth fac- rated by reference.
tors may maintain nerve cells In a differentiated state. Any cells which
secrete the desired neurotrans-  45   Useful cell growth factors Include
nerve growth factor mitter or growth factor may be Incorporated Into the
(NGF), fibroblast growth factor (FGF), platelet-de- device. For example,
the cells may be any which nat-  rived growth factor (PDGF), and epidermal
growth 



urally produce the neurotransmitter, such as neurons.  factor (EGF), among
many. In addition, effectors of Such cells are useful because they are able
to re-  various membrane receptors such as glutamate and spond to the
general environment by producing neu-  50  nicotine may also be useful.
rotransmitter as It is needed. The cells can be ob-    The growth factor
may be incorporated into the tainedfroma numberof sources such asa body
organ    device with the neurotransmitter-producing cells by which normally
secretes a particular neurotransmitter  embedding it within the polymeric
matrix of the insert in vivo. For example, tissues of the embryonic ventral
and placing It in the receptacle with the cells. The em- mesencephalon and
adrenal medulla (chromaffin  55   bedded growth factor leaches slowly from
the Insert cells) which normally produce dopamine can be used.  into the
receptacle, thereby acting, for example, to These tissues may be an
allograft, or they may be a  maintain the differentiated state of the cells
therein xenograft. Alternatively, the cell may be derived from  such that
they continue to produce neurotransmitter. 6    11
EP0478671 B1                    12 The encapsulating membrane of the cells,
if present,  apy device remained In vivo for the duration of the poses no
hindrance as it is permeable to the growth  study. factor. This insert may
be retrieved from the recepta-  The implantation of empty striatal therapy
devic- cle and replaced as described above.              es did not induce
any new neurological deficits in any Alternatively, growth factor-producing
cells such   5   of the animals. At the time of implantation of the so- as
hippocampal cells or fibroblasts engineered to pro-  rylic copolymer
inserts, the proximal cap of the ther- J   duos NGF (see e.g., Rosenberg et
al. (1988) Science  apy device was hermetically fused to the tube. After
242:1575-1578) may be encapsulated and Implanted  cap removal, the device
lumen was filled with an acel- In proximity to the
neurotransmitter-secreting cells  lular clear liquid. as described above.
10 The following non-limiting examples more fully II-  EXAMPLE 3 lustrate
preferred features of the Invention. Dopamine-Releasing Insert Fabrication
EXAMPLE I 15      Ethylene-vinyl acetate copolymer (EVAc) resin
Experimental Model                                (40% by weight vinyl
acetate, Elvax 40w, DuPont, Inc., Wilmington, DE) was washed 20 times in
distilled Young adult (200-225 g) male Sprague-Dawley    water and 95%
ethanol to remove impurities. Purified rats (Charles River Laboratory,
Wilmington, MA)   EVAc was subsequently dissolved in methylene were
anesthetized by Intramuscular injection of an   20  chloride to make a 10%
(w/v) solution. Dopamine 87/13 mg/kg mixture of ketamine (Ketalar*)
xylazine  (Sigma, St. Louis, MO) was ground in a mortar to a (Rompun*).
Stereotaxic injections of 6-OHDA (12 mg  fine powder, sieved to 50 [err]
and added to the EVAc 6-OHDA in 6 [err] of 0.9% saline with 0.05 mg/ml of
as-  solution to a final concentration of 20% dopamine to corbic acid) were
performed into the anteriomedial  EVAc (w/w). The dopamine/EVAc solution
was ultra- region of the substantia nigra (coordinates: -2.9 mm   25
sonicated for 5 minutes, agitated In a vortex mixer for bregma, 2.3 mm
lateral and 8.1 mm deep to the dura  15 minutes, and rapidly cooled in
liquid nitrogen In or- with the Incisor bar set at 5.0 above the intraaural
der to form a solid matrix with fixed dopamine partic- line). Two weeks
after the lesion, rotational behavior  les. The methylene chloride was
removed by Iyophil- was assessed under apomorphine (APO) (0.05 mg/kg
ization. so) challenge. Behavior was characterized both in an   30  Strings
with a diameter of 0.5 mm were pressure open field and modified Ungerstedt
rotometer essen-  extruded at a temperature of [err] and sectioned into
tially as described by Ungerstedt et al. (Brain Res.  rods 8 mm long. To
retard dopamine release, three (1970) 24:485-493). Animals exhibiting more
than  coats of 10% EVAc were applied to each rod by re- eight turns/minute
over a 40 minute test period were  peated Immersion resulting In rods with
a final diam- selected for the study. Groups of 3 animals were  35  eterof
0.7 mm. The distribution of dopamine particles housed in plastic cages on a
12 houron-off lightcycle,  in the EVAc was analyzed by scanning electron
ml- with food and water available ad libitum.         croscopy
(AMRay-1000A, Lico, Inc., Bedford, MA). EXAMPLE 2
EXAMPLE 4 40 Intracranial Cannulation                          In Vitro
Release Kinetics Sixteen animals received intrastriatal devices    In vitro
dopamine release kinetics were studied made of a 9.5 mm long (0.85 mm ID)
semipermeable  by placing a 0.7 x 8 mm long rod In 1 ml of 0.9% phys-
polyvinylchloride-acrylic copolymer (AC) tubular in-  45  iologic saline
with 0.05 mg/ml of ascorbic add (+) or serts with a molecularweight
exclusion of 50 kD. The  (-) 20% dopamine incubated in individual wells at 



distal end of the insert was occluded with a solution  [err]
Atdailytime-points, the fluid was collected and of the same acrylic
copolymer. The first 6 mm from  its concentration measured by high pressure
liquid the open end of the insert were coated with a polyur-
chromatography (HPLC) with an electrochemical de- ethane solution,
rendering this portion Impermeable,  50  tector. The system used included a
Model 5700 sol- and therefore, limiting fluid exchange to the striatum.
vent delivery module and a model 51OOACoulochem Sterilized therapy devices
were inserted stereo-  multi-electrode electrochemical detector (ESA, Bed-
taxically Into the striatum (+0.3 mm bregma, 2.7 mm  ford, MA). A20 [err]
aliquot of each sample was injected lateral to the midline and 8.0 mm deep
to the dura).  onto the column (CA-HR 80; ESA) with no sample Once
implanted, the therapy devices were secured  55   pretreatment. The mobile
phase contained 0.05 M by equidistant placement of 2 bone screws Into the
NaPO4, 0.2 M EDTA, 212 mg/L heptane sulfonic acid, skull, providing
anchorage for dental cement. The  and 3% methanol, at a pH of 2.6. Total
run time was proximal port was closed with an AC glue. The ther-
approximately 8 min. The concentration of each com- 7    13
EP 0 478 671 B1                 14 pound was determined by comparison with
the peak  ments were composed of AC semipermeable tubes height of serial
diluted standards run with each assay.  (600 pm ID, 8 mm long, 50 kD
molecular weight ex- The dopamine detection limit of the chromatographic
clusion) fabricated by a phase-inversion, dry-jet wet system used was 50
pg.                            spinning technique (de Yebenes et al. (1987)
Move- The wells were replenished with fresh saline/as-   5   ment Disorders
2:291-299). A few hours prior to the corbate solution after each
measurement. Dopamine  experiment, the dialysis probe recovery was deter-
release was calculated as cumulative percent re-    mined by placing the
probe-in a beaker of artificial lease.
cerebrospinal fluid (CSF) (150 mmol [err] 1.4 mmol FIG. 2 shows the
cumulative dopamine release of  [err][ 0.8 mmol [err] 1.0 mmol P04, 155
mmol [err] pH eight 0.7 x 8 mm 20% dopamine/EVAc rods in 0.9%   10  7.4)
containing known concentrations of dopamine, physiologic saline with 0.05
mg/mi ascorbic acid at  DOPAC, and DHBA at 800 pg/20 ml with 1 mg ascor-
37C over 17 days (FIG. 2). Total dopamine content  bic acid in a 100 ml
solution. Dopamine concentration priorto the release studies amounted to
340 [er] 25 mg  was determined by HPLC with an electrochemical de- per rod.
tector (EC). The system used included a Model 5700 15  solvent delivery
module (ESA, Bedford, MA) and a EXAMPLE5
model 5100A Coulochem multi-electrode electro- chemical detector (ESA,
Bedford, MA). The relative In Vivo Studies
recovery of the dialysate probes was 24-29% at room temperature. Dialysate
values are reported as pg per Successfully lesioned animals with striatal
ther-  20  20 minute collection period. apy devices were anesthetized and
placed in a ster-   For in vivo analyses, a dialysis probe was stereo-
eotaxic apparatus. Following midline incision, the  taxically placed in
proximity to the previously implant- proximal cap on the therapy device was
located and  ed receptacle In the rat striatum. The animal was excised, and
a 20% dopamine/EVAc insert rod was   anesthetized as previously described.
Artificial CSF placed In the cap of the device. The proximal end of  25
was pumped through the probe at a flow rate of 2.5 the device was again
sealed with the AC glue. Skin  ml/minute throughout the experiment. The
dialysate closure was achieved with 6-0 monofilament nylon  was collected
over 20 minute Intervals Into tubes con- (Ethicon, Inc., Somerville, NJ).
taining 5 ml 1.1 N perchloric acid. The sample was Rotation behavior was
evaluated under apomor-  analyzed immediately by HPLC-EC. phine challenge
(0.05 mg/kg) at 7 and 14 days post-  30  After collecting a number of
samples to deter- dopamine/EVAc loading. The dopamine/EVAc rod      mine
baseline extracellular fluid (ECF) dopamine was subsequently removed from
the receptacle un-  overflow, a 20% dopamine/EVAc insert was placed in der
methoxyfluorane anesthesia at day 14. Behavior  the therapy device.
Dialysis samples were collected was analyzed two and four weeks later.
for20 minute intervals post-implantation to determine During the first few
hours after implantation, the   35  if ECF dopamine levels were affected by
the dopa- animals receiving dopamine/EVAc inserts spontane-  mine-releasing
insert. Dopamine levels were deter- ously rotated contralateral to the
implant side, where-  mined acutely following the implantation of the dopa-
as animals receiving control inserts did not exhibit  mine-EVAc Inserts in
3 animals and 7 days post- such behavior. FIG. 3 summarizes the effect of
the  implantation In the 3 remaining animals. APO challenge before, during,
and after the implan-  40  A 20 ml aliquot of each sample was injected onto
tation of a 20% dopamine/EVAc Inserts as compared  the column (CA-HR 80,
ESA) with no sample pre- to control animals, who had received inserts of
EVAc  treatment The mobile phase contained 0.05 M alone. Controls showed a
slight improvement in rota-  [err] 0.2 M EDTA, 212 mg/L heptane sulfonic
acid, 



tional behavior7days post-implantation with return to  and 3% methanol, at
pH 2.6. Total run time with re- pre-implantation values at all subsequent
time points.  45  solution of dopamine and DOPAC was approximately
Experimental animals displayed a statistically signif-  11 minutes. The
concentration of each compound icant decrease in rotational behavior at
both 7 and 14  was determined by comparison with the peak height days
post-implantation (30.1% at 7 days and 82.6%  of serial diluted standards
run with each assay. at 14 days). Two weeks after the removal of the do-
As shown in FIG. 4, dopamine levels in the ex- pamine-release Insert,
rotational behavior increased   50  tracellular fluid of lesioned striata
were consistently again, leaving no statistical difference between the
undetectable by microdialysis. Twenty minutes after control and the
experimental group at 42 days.    the implantation of a 20%
dopamine-releasing EVAc polymeric insert high levels of dopamine were
recov- EXAMPLE 6                                         ered. The dopamine
levels remained elevated through- 55  out the next 80 minutes. In a
lesioned striatum studied Dopamine Determination
seven days post-implantation of dopamine/EVAc, the extracellular striatal
dopamine concentration in the di- The microdialysis probes used in these
experi-  alysate was comparable to the levels observed In the 8    15
EP0478671 B1                    16 acute experiment shown In FIG. 5.
Histologically, the  adrenal medulla chromaffin cells was prepared by en-
microdialysis probes were found to be located 300-  zymatic dissociation.
The suspension was seeded 500 [err] from the devices.
within the semipermeable membrane by injection of cells in suspension. The
proximal end of the device EXAMPLE 7                                     5
was sealed with AC glue, and skin closure was ach- ieved with 6-0
monofilament nylon (Ethicon, Inc., Histology
Somerville, NJ). Rotational behavior was evaluated as described in EXAMPLE
5 at 7, 14,21, and 28 days Upon completion of the study, deeply anesthe-
post-NGF/EVAc and cell loading. tized animals were perfused transcardially.
The brain  10  Behavioral modification tests and histological was removed
and sections 25 [err] thick were cut on a  analysis after implantation were
performed as descri- freezing sliding microtome (AO Reichert Model 976  bed
In EXAMPLES 5-7, revealing essentially similar C, Austria), and either
picked-up directly on glass  results. slides coated with
3-amino-propyltriethoxysilane, or immersed directly in Tris buffer.
Selected sections   15 were stained for Niss1 substance with cresyl violet.
Claims Such histological analysis revealed consistent place- ment of the
receptacle within the striatum.        1. A neurological therapy device
(100) for the local Other sections were processed for immunocyto-      and
controlled delivery of a neurotransmitter to chemical localization of
tyrosine hydroxylase (TH)  20  the brain of a subject, said device being
biocom- utilizing the avidin-biotin procedure. Brain sections  patible,
implantable, retrievable, end comprising were incubated 2 days at 40C in
primary antisera to   a source of a neurotransmitter for controlled re- TH
(Eugene Tech, Allendale, NJ). Incubations In the   lease of the
neurotransmitter, the source com- secondary antisera and the Avidin-Biotin
complex      prising at least one neurotransmitter-producing (Vectors Labs,
Burlingame, CA) were carried out at  25  cell (52) encapsulated within a
semipermeable room temperature and the peroxidase reaction was
membrane (50) which allows for diffusion there- developed essentially as
described by Winn et al. (J.  through of the neurotransmitter, and
furtherchar- Blomed. Mater. Res. (1989) 23:31-44). Mounted
acterized by slides were analyzed with a Zeiss IM 35 interfaced          a
source of growth factor located in dose with a morphometric system (CUE-2,
Olympus Corp.,  30  proximity to the neurotransmitter-producing cells Lake
Success, NY).                                    (52). At the conclusion of
the study, immunohisto- chemical localization of TH on the substantia nigra
2. The device of claim I wherein said neurotransmit- and the striatum
confirmed greater than 90% de-       ter is (a) selected from the group
consisting of struction of the nigrostratial pathway. No evidence of  35
gamma aminobutyric acid, serotonin, acetylcho- sprouting surrounding the
device was observed.        line, norepinephrine, endorphins, enkephalins,
The 20% dopamine/EVAc insert were examined         dopamine, and
precursors, agonists, active ana- by scanning electron microscopy (SEM)
using an AM-    logs, and active fragments thereof; or (b) is L-do- Ray I
000A machine (Lico, Inc., Bedford, MA) prior to  pa or bromocriptine. and 2
weeks after implantation (FIG. 6). Cross-  40 



sectional scanning electron microscopy revealed an  3. The device of claim
I wherein said semiperme- even distribution of dopamine particles suspended
able membrane (50) within which said neuro- throughout the polymer matrix
(FIG. 6A). Two weeks    transmitter-secreting cell (52) is encapsulated is
after incubation in physiologic saline and in vivo, the  impermeable to
viruses, antibodies, comple- polymer inserts showed disseminated pits and
holes,  45  ment, and proteases and said semipermeable indicative of
dopamine particle dissolution (FIG. 6B).  membrane includes pores having a
molecular weight exclusion of from 50 kD to 100 kD. EXAMPLE 8 4. The device
of claim I wherein said semiperme- Implantation of Dopamine-Producing Cells
and  50      able membrane (50) comprises an acrylic copo- Nerve Growth
Factor-releasing Inserts                 lymer. EVAc inserts containing
0.01 - 0.2%  nerve     5. The device of claim I wherein said neurotransmit-
growth factor (NFG) were prepared as described in     ter-secreting cell
(52) comprises an allograft or a EXAMPLE 3 except that dopamine is replaced
with  55   xenograft of a neuron, an adrenal medulla chro- NGF NGF/EVAc
Inserts were implanted within the        maffin cell, or a PC12 cell; or a
cell which has striatal neurotherapy devices of successfully lesloned  been
genetically engineered to produce said neu- animals as described in EXAMPLE
5. Asuspension of     rotransmitter. 9    acute experiment shown in FIG. 5.
Histologically, the  adrenal medulla chromaff in cells was prepared by en-
microdialysis probes were found to be located 300-  zymatic dissociation.
The suspension was seeded 500 [er] from the devices.
within the semipermeable membrane by injection of cells In suspension. The
proximal end of the device EXAMPLE 7                                     5
was sealed with AC glue, and skin closure was ach- ieved with 6-0
monofilament nylon (Ethicon, Inc., Histology
Somerville, NJ). Rotational behavior was evaluated as described in EXAMPLE
5 at 7, 14,21, and 28 days Upon completion of the study, deeply anesthe-
post-NGF/EVAc and cell loading. tized animals were perfused transcardially.
The brain  io  Behavioral modification tests and histological was removed
and sections 25 [err] thick were cut on a  analysis after Implantation were
performed as descri- freezing sliding microtome (AO Reichert Model 976  bed
in EXAMPLES 5-7, revealing essentially similar C, Austria), and either
picked-up directly on glass  results. slides coated with
3-amino-propyltriethoxyslane, or immersed directly in Tris buffer. Selected
sections  15 were stained for Nissl substance with cresyl violet  Claims
Such histological analysis revealed consistent place- ment of the
receptacle within the striatum.        1. A neurological therapy device
(100) for the local Other sections were processed for immunocyto-     and
controlled delivery of a neurotransmitter to chemical localization of
tyrosine hydroxylase (TH)  20  the brain of a subject, said device being
biocom- utilizing the avidin-biotin procedure. Brain sections  patible,
implantable, retrievable, end comprising were incubated 2 days at [err] in
primary antisera to   a source of a neurotransmitter for controlled re- TH
(Eugene Tech, Allendale, NJ). Incubations In the   lease of the
neurotransmitter, the source com- secondary antisera and the Avidin-Biotin
complex      prising at least one neurotransmitter-producing (Vectors Labs,
Burlingame, CA) were carried out at  25  cell (52) encapsulated within a
semipermeable room temperature and the peroxidase reaction was
membrane (50) which allows for diffusion there- developed essentially as
described by Winn et al. (J.  through of the neurotransmitter, and
furtherchar- Blomed. Mater. Res. (1989) 23:31-44). Mounted
acterized by: slides were analyzed with a Zeiss IM 35 interfaced         a
source of growth factor located in dose with a morphometric system (CUE-2,
Olympus Corp.,  30  proximity to the neurotransmitter-producing cells Lake
Success, NY).                                    (52). At the conclusion of
the study, immunohisto- chemical localization of TH on the substantia nigra
2. The device of claim I whereinsaid neurotransmit- and the striatum
confirmed greater than 90% de-      ter Is (a) selected from the group
consisting of struction of the nigrostratial pathway. No evidence of  35
gamma aminobutyric acid, serotonin, acetylcho- sprouting surrounding the
device was observed.       line, norepinephrine, endorphins, enkephalins,
The 20% dopamine/EVAc Insert were examined        dopamine, and precursors,
agonists, active ana- by scanning electron microscopy (SEM) using an AM-
logs, and active fragments thereof, or (b) is L-do- Ray 1OOOA machine
(Lico, Inc., Bedford, MA) prior to  pa or bromocriptins. 



and 2 weeks after implantation (FIG. 6). Cross-  4o setional scanning
electron microscopy revealed an  3. The device of claim I wherein said
semiperme- even distribution of dopamine particles suspended     able
membrane (50) within which said neuro- throughout the polymer matrix (FIG.
6A). Two weeks   transmitter-secreting cell (52) is encapsulated is after
incubation in physiologic saline and in vivo, the  impermeable to viruses,
antibodies, comple- polymer inserts showed disseminated pits and holes,  45
ment, and proteases and said semipermeable indicative of dopamine particle
dissolution (FIG. 6B).  membrane includes pores having a molecular weight
exclusion of from 50 kD to 100 kD. EXAMPLE 8 4. The device of claim I
wherein said semiperme- Implantation of Dopamine-Producing Cells and  so
able membrane (50) comprises an acrylic copo- Nerve Growth Factor-releasing
Inserts                lymer. EVAc inserts containing 0.01 - 0.2%  nerve
5. The device of claim I wherein said neurotransmit- growth factor (NFG)
were prepared as described in    ter-secreting cell (52) comprises an
allograft or a EXAMPLE 3 except that dopamine is replaced with  55
xenograft of a neuron, an adrenal medulla chro- NGF NGF/EVAc Inserts were
implanted within the        maffin cell, or a PC12 cell; or a cell which
has striatal neurotherapy devices of successfully lesioned  been
genetically engineered to produce said neu- animals as described in EXAMPLE
5. Asuspension of    rotransmitter. 9    17                 EP 0 478 671 B1
18 6. The device of claim I wherein said source of       Neuro-Transmitters
zur kontrollierten Freiset- growth factor comprises an Implantable, blocom-
zung des Neuro-Transmitters aufweist, wobei die patible, polymeric Insert
(30) containing said     Quellse wenigstens eine Neuro-Transmitter- growth
factor.                                     produzierende Zelle (52)
aufweist, die in sine 5      halbdurchlaselge Membran (50) eingekapselt
Ist, 7. The device of daim 6 wherein said polymeric in-    die die
Diffusion des Neuro-Transmitters durch sert (30) Includes pores having a
molecular       sle zulait und fernergekennzelchnetdurch: eine weight
exclusion of from I kD to 1,000 kD, prefer-  Wachstumsfaktor-Quelle, die in
unmittelbarer na- ably pores having a molecular weight exclusion of    he
zu den Neuro-Transmitter-produzierenden 25 kD to 100 kD.
10      Zellen (52) positioniert ist. 8. The device of claim 7 wherein (a)
said polymeric  2. Vorrichtung nach Anspruch 1, wobei der Neuro- insert
(30) comprises a hydrophobic matrix,        Transmitter (a) ausgewihit ist
aus der Gruppe, for example an ethylene-vinyl acetate co-    die besteht
aus Gammaaminobuttersaure, Sero- polymer; or
15      tonin, Acetylcholin, Norepinephrin, Endorphinen, (b) said polymeric
insert (30) comprises a   Enkephalinen, Dopamin sowie Vorlaufern, Agoni-
hydrophilic matrix, for example a hydrogel.        sten, wirksamen Analoga
und wirksamen Frag- menten davon; oder (b) L-Dopa oder 9. The device of
claim 7 wherein said polymeric in-   Bromocriptin ist. sert (30) further
comprises an outer coating of an   20 impermeable material e.g.
polyurethane or ethy-  3. Vorrichtung nach Anspruch 1, wobei die halb-
lene-vinyl acetate covering a portion of said in-  durchlassige Membran
(50), in die die Neuro- sert
Transmitter-sekretierende Zelle (52) eingekap- selt ist, fir Viren,
Antikorper, Komplement und 10. The device of claim 1 wherein said source of
25  Proteasen undurchlassig Ist und die halbdurch- growth factor comprises
at least one growth fac-  lassige Membran Poren aufweist, die einen Mo-
tor-secreting cell (56) encapsulatedwithin asem-
lekulargewichts-Ausschluf& von 50 kD bis 100 kD ipermeable membrane (54),
said membrane al-        haben. lowing the diffusion therethrough of said
growth factor.                                   3o  4. Vorrichtung nach
Anspruch 1, wobei die halb- durchlassige Membran (50) ein Acryl-Copolymer
11. The device of claim 10 wherein said semiperme-    aufwelst. able
membrane (54) within which said growth factor-secreting cell (56) is
encapsulated is Im-  5. Vorrichtung nach Anspruch 1, wobei die Neuro-
permeable to viruses, antibodies, complement,  35  Transmittersekretierende
Zelle (52) folgendes and proteases.
aufweist en Allotransplantat oder ein Xenotrans- plantat eines Neurons,
eine chromaffine Neben- 12. The device of claim 10 wherein said semiperme-
nierenmark-Zelle oder elne PC12-Zelle; oder el- 



able membrane (54) includes pores having a mo-     ne Zelle, die
genmanipuliert ist, um den genann- lecular weight exclusion of from 50 kD
to 100 kD.  40  ten Neuro-Transmitter zu erzeugen. 13. The device of claim
10 wherein said semiperme-  6. Vorrichtung nach Anspruch 1, wobei die
Wachs- able membrane (54) comprises an acrylic copo-     tumsfaktor-Quelle
eine    Implantlerbare, lymer.
blokomkpatlble, polymere Einlage (30) aufweist, 45      die diesen
Wachstumsfaktor enthilt. 14. The device of claim 10 wherein said growth
fac- tor-secreting cell (56) comprises an allograft or a  7. Vorrichtung
nach Anspruch 6, wobol die polyme- xenograftora cell which has been
genetically en-  re Einlage (30) Poren, die einen Molekularge- gineered to
produce said growth factor.            wichts-Ausschlul von 1 kD bis 1000
kD haben, 50      bevorzugt Poren, die einen Mdekulargewichts- AusschluB
von 25 kD bis 100 kD haben, aufweist Patentanspruche 8. Vorrichtung nach
Anspruch 7, wobei (a) die poly- 1. Neurologische Therapievorrichtung (100)
zur lo-    mere Einlage (30) eine hydrophobe Matrix, bei- kalen und
kontroilierten Abgabe eines Neuro-  s5   spielsweise ein
Ethylen-vinylacetat-Copolymer, Transmitters an das Gehirn eines Subjekts,
wo-     aufwelst; oder (b) die polymere Einlage (30) eine bei die
Vorrichtung biokompatibel, Implantierbar,  hydrophile Matrix,
beispielswelse ein Hydrogel, wieder entnehmbar ist und eine Quelle eines
aufweist. 10    19                 EP 0 478 671 B1                 20 9.
Vorfichtung nach Anspruch 7, wobei die potyme-    fragments actifs de ces
neurotransmetteurs; ou re Einlage (30) augerdem sine Augenbeschich-
(b) est la L-dopa ou la bromocriptine. tung aus einem undurchlassigen
Material, z. B. Polyurethan oder Ethylen-vinyiacetat, aufweist,  3.
Dispositifselon la revendicatbon 1, dans lequel la- die einen Tell der
Elnlage bedecit.       6       dite membrane semipermeabie (50) dans
laquel- le est encapsulte ladite cellule secretrice de neu- S.j  10.
Vorrichtung nach Anspruch 1, wobei die Wachs-    ro-tranametteur (52)
impermeable aux virus, aux tumsfaktor-Quelle mindestens sine Wachstums-
anticorps, au complement etaux protiases, etla- faktor-sekretierende Zelle
(56) aufweist, die in el-  dite membrane semipermeable contient des po- ne
halbdurchlassige Membran (54) eingekapselt  10  res propres A l'exclusion
des poids moleculaires ist, wobel die Membran die Diffusion des Wachs-   A
partir de 50 kd A 100 kd. tumsfaktors durch sie zulIAt. 4. Dispositifsalon
le revendication 1, dans lequel la- 11. Vorrlchtung nach Anspruch 10, wobei
die halb-    dite membrane semipermeable (50) eatfaite d'un durchifissige
Membran (54), in die die Wachs-  1s  copolymere acrylique.
tumsfaktor-sekretierende Zelle (56) eingekapselt let, ffir Viren,
Antikorper, Complement und    5. Dispositifselon le revendication 1, dans
lequel la- Proteasen undurchlassig ist.                      dite celule
secretrice de neurotransmetteur (52) eat constituee par allogreffon ou un
xenogreffon 12. Vorrichtung nach Anspruch 10, wobel die halb-  20  d'un
neurone, une cellule chromaffine de m6dul- durchlfssige Membran (54) Poren
aufweist, die     to-surrenale ou une cellule PCI2; ou par une cel- oinen
Molekulargewichts-Ausschlug von 50 kD       lule qui a subi une
manipulation genetique pour bis 100 kD haben.
produire ledit neurotransmetteur. 13. Vorrichtung nach Anspruch 10, wobei
die halb-  25  6. Dispositifselon la revendication 1, dans loquil la-
durchlassige Membran (54) sin Acryl-Copolymer     dite source de facteur de
crolssance set consti- aufweist.
tuee par un Insert de polymere, bbocompatible et Implantable (30),
contbnant ledit facteur de crois- 14. Vorrichtung nach Anspruch
10,wobeidieWachs-      sance. tumsfaktorsekretierende   Zele  (56)  sin  30
Allotransplantat oder sin Xenotranspbantat oder  7. DisposUtifsalon la
revendication 6, dans bequel le- eine Zelle aufwelst, die genmanipuliert
iat, um   dit insert de polymere (30) contient des pores diesen
Wachstumsfaktor zu erzeugen.               propres A l'exclusion des poids
moleculaires A partirde I kd A 1000 kd, de preference des pores 35
propres A t'exclusion des poids moleculaires A Revendlcatlons
partir de 25 kd A 100 kd. 1. Dispositif de thirapie neurologlque (100) pour
la  8. Dispositif slon la revendication 7, dans lequel 



fourniture locals etcontrole d'un neurotransmet-  (a) ledit insert de
polymere (30) comprend une teur au cerveau d'un sujet, ledit dibpositHf
tant  40  matrice hydrophobe, par exomple un copolymere J.>
biocompatible, inplantabbe, recuperable  et       6thylbne/acktate de
vinyle; ou (b) ledit insert de comprenant une source d'un neurotransmetteur
polymere (30) comprend une matrice hydrophile, pour la fourniture contrOlie
du neurotransmet-    par exemple un hydrogel. teur, ladite source
comprenant au molns une cel- lule productrice du neurotransmettur (52), en-
45  9. Disposeif sdlon la revendication 7, dans tequel le- capsulee dans
une membrane semipermeable          dit insert de polymere (30) comprend en
outre (50) qul permet la diffusion a travers elle du neu-  une couche de
revetement exterisures en une rotransmetteur, caracterise en outre par
matibre impermeable, par exemple on polyure- une source de facteur de
croissance dis-     thanne ou en 6thylbno/acktate de vinylt, recou- posee A
proximiti immediate des cellules produo-  so  vrant une partie dudit
insert. trices de neurotranametteur (52). 10. DisposUitselon la
revendication 1, dans lequel la- 2. Dispositif selon la revendication 1,
dans lequel le-  dite source de facteur de crolssance est consti- dit
neurotransmetteur. (a) est cholsi dans le grou-  tuee par au moins une
cellule secretrice de fac- pe constitud par I'acide 1-aminobutyrlque, la
sa-  55  tour de crolssance (56), encapsulee dans une rotonine,
I'acetylchloline, la norepinephrine, les  membrane semipermeable (54),
ladite membra- endorphines, les encephalines, la dopamine et     ne
permettant la dfusIon A travers eile dudit fao- des precurseurs, agonistes,
analogues actifs et   tour de crobssance.    21                  EP0478 671
B1                   22 11. Dispositif selon la revendication 10, dans
lequol ladite membrane semiperm6able (54) dans la- quelle east encapsulee
ladite cellule sicritrice de facteur de croissance (56) est impermeable aux
virus, aux anticorps, au complement et aux pro-   5 teases. 12. Dispositif
selon la revendication 10, dans lequel ladite membrane semipermiable (54)
contient des pores propres A l'exclusion des poids molI-  10 culaires A
partir de 50 kd A 100 kd. 13. Dispositif selon la revendication 10 dans
lequel ladito membrane semipermeable (54) est fake d'un copolymere
acrylique.                 15 14. Dispositff solon la revendication 10,
dans loquel ladite cellule s6critrice de facteur de croissance (56) eat
constituee par un allogreffon ou un xeno- greffon ou par une cellule qul A
subi une manipu-  20 lation genetique pour produire ledit facteur de
croissance. 25 30 35 40 45 50 56 12    


