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Various pharmaceutical compounds have already been tested in animal models or in
human beings for the treatment of inner ear diseases, e.g. tinnitus, such as lidocaine,
gabepentin, nortryptline, melatonin, caroverine, baclofen, alprazolam, gacyclidine, 7-
chlorokynurenate, or ketamine. While some of them have shown great promise, none
of them is in regular clinical use, yet. One of the key obstacles to the development of
effective treatments has been the fact that the inner ear is protected like the brain by
a biological barrier. For systemic drug administration, relatively high doses are
usually required to achieve a desired therapeutic effect in the inner ear, carrying the
risk of potent side effects on the central or peripheral nervous system. Topical
administration to the inner ear on the other side allows for a targeted delivery of
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Y ppanic, cavity of NRROELN9S- (2): 129-135 (1996), describe the
intratympanic infusion of dexamethasone into the tympanic cavity of human beings.
Hoffer et al., Otolaryngologic Clinics of North America (36): 353-358 (2003), describe
transtympanic injections of methylprednisolone solutions for the treatment of tinnitus
following noise trauma or sudden deafness. In all these cases, the drug compounds
were applied in solutions. However, there is less known about topical treatment of

inner ear diseases with other formulations.
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inner ear diseases, e.g. tinnitus.

The composition of the present invention comprises a biocompatible polymer support
incorparating a therapeutically effective amount of at least one pharmacologically
active agent as defined above. The arylcycloalkylamine agent may e.g. suppress or
reduce the perception of tinnitus. Preferably, the composition is formulated such that,
upon delivery into the middie ear, it is capable of remaining in contact with at least
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The inventive formulation contains as main pharmacologically active agent a
compound of the class of arylcycloalkylamines. Among the class of
arylcycloalkylamines compounds having the general formula |
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is a non-competitive NMDA-receptor antagonist which binds to the PCP-binding site,
a separate site of the NMDA-receptor complex located within the ion channel,

thereby blocking the transmembranous ion flux.

Any derivative, analogue, and/or enantiomeric form of ketamine or an
arylcycloalkylamine compound as defined by formulae 1l or I, respectively, may be

used as active agent in the inventive composition.

Ketamine may be provided by methods disclosed in US 3,254,124. More specifically,
the preferred compound is (S)-Ketamine, as it binds with a 3-4-fold higher affinity to
the PCP binding site of the NMDA receptor than (R)-ketamine (Vollenweider et al.,
Eur. Neuropsychopharmacol. 7. 25-38 (1997)). The synthesis of the optical isomers
may be carried out as described by DE 2062620 or WQ001/98265, which are

incorporated herein by reference.
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The composition containing the pharmaceutically active arylcycloalkylamine agent (in
the following description often simply designated as “active agent”) can have a solid,
semi-solid, gellike, or liquid state. Preferably, the composition is a solution,
suspension, an emulsion or a thermosetting gel.
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The biocompatible polymer can also be selected from block (co)polymers. E.g.
multiblock copolymers of poly(ethylene oxide), PEO, and poly(butylene
terephthalate), PBT, may be suitable materials. These materials are subject to both

hydrolysis (via ester bonds) and oxidation (via ether bonds). Degradation rate is
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ophthalmosurgical aid in various anterior procedures, such as intra- and extra
capsular cataract surgery, intraocular lens implantation, keratoplasty, glaucoma
surgery and post-trauma surgery. Hyaluronic acids have also found applications in
treatment of joint problems. Hyaluronic acid is a naturally occurring polysaccharide, a
glycosaminoglycan composed of a long-chain polymer containing repeating
disaccharide units of Na-glycuronate-N-acetylglucosamine. The main properties of
hyaluronic acid are that it binds water and hence forms a degradable gel with high
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Thermosetting gels comprise polymers that are fluid at low temperature, but form
highly viscous, near solid implants upon placement at a site at body temperature. The
most common of these reversible thermosetting’ systems are poloxamers. When
dissélved at concentrations above 20% (w/w), the solutions will remain fluid at low

temperatures, but will form highly viscous, solid-like implants upon an increase in
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Besides the thermally reversible gels other stimuli-responsive polymers which are
critically reliant on the balance between polymer-polymer and polymer-solvent
interactions under various stimuli including changes in temperature, pH, ionic
strength, solvent concentration, pressure, sheer stress, light intensity, electric or
magnetic fields or a combination of these factors may be suitable in the present

composition. An example of a pH-reversible hydrogel is the aqueous solution of
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In a second embodiment, the composition comprises a solution of the biocompatible
polymer wherein the active agent is dissolved, emulsified or dispersed. As in
reservoir systems, the diffusion of the active agent(s) through the polymer matrix is

the rate-limiting step, and release rates are determined by the choice of polymer and
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In a further embodiment of the present invention the release of the active agent from
the polymer is chemically controlled. This control can be achieved using bioerodible
or pendant chains. Polymer bioerosion can be defined as the conversion of a
material that is insoluble in water into one that is water-soluble. In such a system the
active agent is ideally distributed uniformly throughout the polymer. As the polymer
surrounding the active agent is eroded, the active agent escapes. In a pendant chain
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designed to hold suspended microspheres. The gel could provide an intimate contact
to the middle inner ear interface tissue structure and thus allow the transport of the
active agent(s) through the membrane into the inner ear by the microspheres. Active
agent release rates depend very strongly on the size of the microspheres containing
the active agent, larger microspheres may generally release encapsulated
compounds more slowly and over longer time periods. To achieve a delivery of the
active agent at a constant rate it might be useful to mix microspheres of different



conpounds nore slowy and over |onger tinme periods. To
achieve a delivery of the active agent at a constant
rate it mght be useful to m x m crospheres of

di fferent WO 2007/ 038949 PCT/ EP2095/010478 15 sizes
to generate a constant rate of rel ease over a

ﬁ?g‘r’l'ﬁ/&% Berl od of time. Modreover, the ge
co

g the mecr ospher es,smay al so cont ai Ir’]CT/EPZ()(W()l()478
substances increasing the perneability of the
STSRP agRnere teh apnstans rmec%s%??éPe@'eba"npﬁ%@e? tP@“Od of time.

I\W%me?n%emé%? c%ﬁ‘tﬁinlrﬁé thEhﬂm&bédhefeentna?yawm@n&escsnbsames
ove suitabl e he control eas

ingreasing the @ﬁtm@?ewltyaqfé%e BemPrRoe Fadbetithe E‘W‘?ﬁ?ﬁ?fgﬁﬁav\ﬂ?%‘m
rRéHbEndRoR] &l €. 9. at the round w ndow menbrane and
delivers the active agent in a controlled nmanner. In
one enbodi nent, the inplant consists essentially of a
Ther ﬁlﬁmnﬁmtﬁtenm dbsarihed sbowo stiiahledionitiieh coriielledt relgase of the
aggeng%-{?r?agca%or b& ncmg&l w:bﬁ'ﬂxplm '@Efdh Qulde placed e.g. at the

I 0CcOo bl odegr adabl e “or
roend wnodovarr@mmﬂqmnd @ﬁh@rs the G@'fb’ﬁﬁa?“tbﬂ' a cmﬁtﬂ"%ﬁ\ﬁﬁﬂ%. ch
may be cross- Ilnked Thi s conposition nay be f or med
such that it is hﬁctable and

I9i05e FEpogiiment, thef"?"EB ¥ FQRsiEts SR ¥;9¥ i ‘%aérb%ﬁé“%q’”'wﬁ'c&‘ is

dd)l’:lﬂbihed:tvmiEtlﬁef1 aanﬁ lagéra. Tﬁeecarﬁdddieﬂlmmay easmiphisediné hiecbmpatible
ve fqr. the t I N O

9331"@53"&"%} "13I¥ebeag{°go d agbé%t% r %8ntder1 ané:%hbm&& E’(fa%&"%”'ep atible

pobohensnwvhigl nigey ttwcrosﬂ-lfnkers iThis, cogwiosition may b@ formed such that it is

@la@t%l&%kjfrﬁ&ﬁﬁé%qﬁ @&%ﬁ) $:g. #6k AR RAS hly leEdS@‘&pééjh& §pon

onbi nat1 on ereof.” I'n anot her enbodi nent,
inspsticanintonthp wisisr $ean dessribed o fof é%%fheaﬂ%s‘%#&qw%ee g-

SRR RelRRsE of Be athiR é‘g@hﬁcdﬂ%ﬁnédqme‘ é‘a@rlérhﬁiadlum may be by
conposi tion consis

LSS o o B RS BOERLbansport o
dohbiation thereofhe nmenbrane can be rmade of the sanme or a
di fferent polyner conposition than the core or an

el astomer conposition. In this inplant the rel ease -
Inahethef erhinaliraerit] the ingant imaysomptse & oirp @od bijleasi@ne membrane

eg?{cggﬁé EﬂeeéerfTﬂeh(%r& ﬂ‘fa c@%ﬂn%b%ﬂpby tlcm’cc;nlﬁﬁtlng of the active

rane( the rel easeb(r
agw&%)sqlssgfveti we d'ﬁ@‘?fﬁ%'”éb‘% h*pg%%ﬁtfblséw%ﬁf sbiThed can
1159’ nﬁéﬁlﬁ ﬁofh%t %fmé"%m aifereat ‘bBQm@r chpbéMbnnEﬁh rthe Ebotre tor an
ether w SO SSI a e.

SIgHemS compestiaD. iy Blant (31 Telaoisy PR CF e sohl
édh&ol&!nb}’ all‘ib? prapettiesrafsthendoye the optiorally (btyniheosbrommesh of the
%%IH 5%3?@ V&he 6élg%8n§gfsg%gfj\§ea@ﬁ\ﬁe éd&aﬂ t&\'ﬁ Héoéo%trolled either
by the core or membrane alone or by the membrane together w:th the core. It is also
possible, that the release rate is mainly controlled by the core and that the membrane
performs only the final control of the release rate.

If the membrane encasing the core consists of two or more layers, the polymer or
elastomer compositions used in each layer may be same or different. The
combination of different layers of membrane either in thickness or in material or both
gives a further possibility for controlling the release rate of the active agent(s).
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administration to the inner ear preferably contain substances increasing the
permeability of the middie-inner ear interface tissue structure in a way that the
pharmacologically active agent can diffuse in a given period of time in higher
quantities or in a given quantity more quickly into the inner ear or that a larger
molecule could pass into the inner ear. Such improved permeation must come
however without disturbing the osmotic balance between inner ear perilymph and the

middle ear space and without inducing toxicity in the cochlea. Particular attention has
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emulsifiers, salts to influence the osmotic pressure, buffer substances, colorants,

and/or aromatizing substances.
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formul ati on can be adm nistered prior to, during or
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administratiunh jdacttiot of Heerapye dteechnditine of the subject to be treated, the
severity of the inner ear disorder and ultimately will be decided by the attending
physician. The duration of therapy may range between about one hour and several
days, weeks or months, and may extend up to chronic treatment. In the case of
therapies of long duration, repeat doses of the formulation may have to be
administered. The therapeutically effective amount of the compound to be delivered
may range between about 0.1 nanogram / hour to about 100 micrograms / hour.
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inverdioni on. FIG 1 shows the cunul ative rel ease of
S-(+)-Ketamne from5% and 7.5% hyal uronic acid gel
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cc%c%htréti%h th?aluromc acid has hardly any effect on the release rate. (B) The
use of a Franz cell with a dialysis membrane to mimic the round window membrane
slows down significantly the release of Ketamine into PBS, which now takes about
three days. The release rate appears to be much slower for the higher concentration
of hyaluronic acid. (C) When a filter membrane is employed in the Franz cell, the
release of Ketamine extends over approximately 60 hours, with the mare highly

concentrated hyaluronic acid gel releasing more slowly than at the lower

concentration.
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VIVO Stu ani ma In vitro studies
A hyal urom c acid solution (Hylunmed, Genzyne Corp.)
)Pﬁz?tr gd at concentrations of 5 and 7.5%in
phosp ate uffered saline (PBS). At 8% handling of
Ahdyglaroniga cacich o tien 6‘33”%9?‘%% NEYHRie EP -} & %ﬁpared at
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%@egé}rﬁ{‘?‘ﬂ‘/\g‘-{*@%g toWEtl)S gljfﬁséﬁl? 3/ e toatthea h é)nm}/%%&@t 'sofl) R]:ata%"nme
hydrochloride (Sigma-Aldrich) was dissolved at a concentration of 2% (weight/weight)
equivalent to 73 mM. To evaluate the importance of the drug load factor,
concentrations of 0.5% and 2.5% wers also tested. Release of the pharmacologically
active agent was measured in PBS, a common receiver fluid for controlled release
studies, either without any membrane or by using a filter membrane or a dialysis
membrane (Spectropore) in a Franz cell (PermeGear). The membranes were
employed to mimic the rate limiting membrane of the round window. The temperature
of the fluid was maintained constant at body temperature. The bottom chamber of the
Franz cell was filled with 5 mi of PBS as the receiver fluid. The receiver fluid
contained a stir bar for continuous agitation. The upper chamber was filled with



equi valent to 73 mM To eval uate the inportance of the
drug load factor, concentrations of 0.5%and 2.5%
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flowed out of it or remained in place. The CAP was measured just prior to the gel
administration and then again repeatedly after the administration. As the viscosity of
the gel was too high, and transitory effects on hearing threshold levels were
observed, the gel concentration was then titrated down (3.5%, 3.2%) to finally 2.8%,
a level at which the gel could conveniently be placed into the round window niche,
remained well in place and no hearing loss was observed. One animal per

concentration was tested.



First, a gel was prepared at the concentration of 5%
inartificial perilynph, which had previously been
tested inthe in vitro tests, and deposited with the
tip of a previously sterilized surgical instrunent
into the round wi ndow niche of a guinea pig. The
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derfil@ct stows; the dyainiohis asist aeltreleases Ketampiapirplatively quickly, Le.

Bl 084 i@ RourtNGhe release kinetics are significantly altered when a rate
limiting membrane is employed, with the delivery now extending over a few days. At
the higher concentration of 7.5%, the hyaluronic acid gel formulation releases

Ketamine less quickly than at 5%.

The drug load had also a significant influence on release kinetics. When the gel
contained 0.5% Ketamine (by weight), the pharmaceutical compound was released in



sanpl es were then analyzed by Iiquid chromatography
mass spectronetry with a limt of quantification of
0.2 ng/m (HPLC instrument: Perkin El mer series 200;
mass spectroneter detector: MSD Sciex APl 4000
Applied Biosystens; colum: Zorbax SB CN 50x2.1 mm 5
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di sogfsfafce of the drug from the perilymph. In addition, the sampling technique
leads to a downward bias in measured concentrations, as minimum guantities
require that perilymph is pulled also from parts within the inner ear to which
the pharmaceutical compound has probably not been distributed. l.e. thereis a
dilution of concentrations. It is well known in the Art that concentrations of
pharmaceutical compounds within the cochlea are highest at its base, much
fower in the middle turn and mostly absent in the apical region and beyond
(scala vestibuli).

3) Given the many parameters which can influence the release kinetics from a
gel formulation placed into the round window niche and the diffusion across
the round window niche, in vitro models must be considered as very limited in
their ability to evaluate whether and how a pharm'acologically active agent for
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gelified and became almost solid.

In order to injéct the gel formulations, the guinea pigs were anaesthetized with a
single-dose i.p. injection of 0.3 milkg of pentobarbital at 6% (Ceva santé animale)
and the right bulla of the animal was opened through a posterior auricular surgical
procedure (dorsal approach). The bulla was then closed again with dental cement
(Texton, SS White Manufacturing), the wounds disinfected with a betadine solution
and sutured. After 3 hours, 4 animals of each gel formulation group were decapitated
under deep anaesthesia (pentobarbital 50 mg/kg) to sample the perilymph, with the
remaining animals being sacrificed after 48 hours. The right cochlea was extracted



gel prepared in a phosphate buffered solution at pH
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significantly the concentrationin the perilynph at
the tinme points of 3 hours and 48 hours after

adm ni stration. This shows that an injectable

formul ation provides for a simlar concentration in
the inner ear. FIG 3 further shows that pol oxaners

al @gmy%grsode for effective rel ease across ;chl%?g(%gngm
wi ndow menbr ane, whereas the concentration in
perilynmph at three hours was nore than double than
that of the hyaluronic aglaim@oncentrati on. This may
be due to different rel ease kinetics or to the fact
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1 or 2, wherein the conposition is a solution,
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pluronics, poly(ethylene)glycol, poloxamer, chitosan, xyloglucane, collagen,

fibrin or a mixture thereof.

7. Composition according to any of preceding claims 4 fo 6, wherein the

biocompatible polymer is biodegradable.

8. Composition according to any of preceding claims 1 to 7, wherein the

arylcycloalkylamine is an NMDA antagonist.

9. Composition according to claim 7 or 8, wherein the arylcycloalkylamine has

the general formula I:



7. Conposition according to any of preceding clains 4
to 6, wherein the bioconpatible polyner is

bi odegradabl e. 8. Conposition according to any of
preceding clains 1 to 7, wherein the

aryl cycl oal kyl am ne i s an NVDA ant agonist. 9.
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wherein R, R2, R3, R4, R5, R6 and R7 are H d, F, |
CH3, CH2CH3, NH2, OH, quHQ COCl or COON. 10.
Conposition accordi ng to¥an 8+ preceding clainms 7 to
9, wherein the pharnmace active agent is

2- (2-chl or ophenyl ) - 2- (1t ﬁa [2 ycl ohexanone
(ketam ne), preferably (S=k¢t 11 Conposi tion
according to any of pre d|na0tla¢ 1to 10

contai ning further conpone yet'ected fromthe group
consi sting of pharnmaceuti cd accept abl e vehi cl es,
buffers, excipients, additi' and subst ances
increasing the perneability of the n{lidl e-i nner ear
interface tissue structure. 12. Conposition according
to claim1l, wherein the substance increasing the
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16. Nedoxanste (Retaming), pepférabia(g)-letaninecedi ng cl ai ns 14
to 15 being injectable and nodifying its viscosity
upon insertion into the mddle ear. WD 2007/ 038949

PCT1 ERRQOSitio @dctding to any of preceding claims 1 to 10 containing further

components selected from the group consisting of pharmaceutically
acceptable vehicles, buffers, excipients, additives and substances increasing
the permeability of the middle-inner ear interface tissue structure.

12. Composition according to claim 11, wherein the substance increasing the

permeability is histamine.
13. A medicament containing a composition according to claims 1 to 12.
14.Medicament according to claim 13 formed as a release-of-drug-formulation.

15. Medicament according to claim 13 or 14, wherein the medicament as release-

of-drug-formulation releases the pharmaceutically active agent over several

hours up to several weeks.

16.Medicament according to any of preceding claims 14 to 15 being injectable
and modifying its viscosity upon insertion into the middle ear.



29 17. Medi canment according to clainms 13 to 16

altering its release profile by exposition to

chem cal agents. 18. Medi canent according to clains 13
wWo27/038949 t ar get ed rel ease at the sel ected PCI/EP2005/010478
m ddl e-i nner ear interface2fi ssue structure by

bi o- adhesi on or nechanical properties. 19. Medi canent
according to clainms 13 to 18 which is provided in form
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treating inner ear diseases. 21. Use of a conposition
according to claim20 for the treatnment of tinnitus,
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21.Use of a composition according to claim 20 for the treatment of tinnitus,
hearing loss, inner ear inflammations or infections, auto-immune disorders,

vertigo or Meniere's Disease.

22.Use according to claim 20 or 21 for the preparation of a medicament for the
treatment of excitotoxiclty-induced ear cell degeneration or age-induced ear

cell degeneration.

23.Method of treating the inner ear of a mammal suffering from an inner disease
by administering a composition according to claims 1 to 12 or a medicament
according to claims 13 to 19 to a mammal suffering from an inner ear disease.

24.Method according to claim 23, wherein the composition is administered by
inserting it into the middle ear.

25.Method according to claim 24, wherein the composition is administered by
infusion, injection or by deposition by means of a surgical instrument.



