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Background of the invention

Various inner ear disorders, e.g. hearing loss, inner ear infectious disease or tinnitus,
have attracted increased interest with the object to prbvide new therapies. E.g.
tinnitus, the perception of sound without external acoustic stimulation, is a very
common inner ear disorder. An estimated 7% to 14% of the population have talked
with their physician about tinnitus, while potentially disabling tinnitus occurs in
approximately 1% to 2.4% of people (Vesterarger V., British Medical Journal 314
(7082): 728-731 (1997)). Tinnitus is often associated with other hearing disorders,
such as hearing loss or hyperacusis, i.e. hypersensitivity to sound (Sahley T. and
Nodar R., Hearing Research (152): 43-54), and quite often originates in the inner ear.

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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Vari ous pharmaceuti cal conmpounds have al ready been
tested in animal nodels or in human beings for the
treatment of inner ear diseases, e.g. tinnitus, such
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Hoffer et al., Otolaryngologic Clinics of North America (36): 353-358 (2003), describe
transtympanic injections of methyiprednisofone sofutions 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 middle ear, it is capable of remaining in contact with at least
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Detailed description of the invention

The present invention is based on experimental findings with compositions, which are
in particular suitable for topical administration of an arylcycloalkylamine, or a
derivative, analogue or pharmaceutically active salt thereof, particularly for the
treatment of inner ear disorders.

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 |



WD 20071038949PCT/ EP20051010478 (1) wherein R1, R2,
R3, R4, R5, R6 and R7 are H, C, F, |, CH3, CH2Cl-13,
NH2, OH , CONH2, COCI or COOH are preferred. One of
the particularly preferred conpounds of the class of
?algcycl oal kyl am nes i s ketam ne. Ketam ne

1-116CI NO (free base),
2- 2287 8pheny! ) - 2- (net hﬁam no) - cycl oheXaSAdy 10478
the structural fornula of ichis (Il) is a
non- conpetitive NVDA- rfegeptm ant agoni st whi ch bi nds
to the PCP-binding site
NMVDA- r ecept or conpl
t her eby bl ocki ng thi{ﬁ
derivative, anal ogue, ant
ketam ne or an aryl cy&,oal
by formulae Il or |, respg
active agent in the inve

vvihgi n the i on channel,
us ion flux. Any

Nanam{ioneric form of

V_an conpound as defi ned
(el y, may be used as
conposi tion.
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wherein R1, R2, R3, R4, R5, R6 and R7 are H, Cl, F,.1, CHg, CH,CHs, NHz, OH
'CONH,, COCI or COOH are preferred.

One of the particularly preferred compounds of the class of arylcycloalkylamines is
ketamine. Ketamine (C3H16CINO (free base), 2-(2-chlorophenyl)-2-(methylamino)-
cyclohexanone), the structural formula of which is

cl
NHCH,
< 0

(i)
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 Il or |, 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 WQ01/98265, which are
incorporated herein by reference.
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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



In a second enbodi nent, the conposition conprises a
sol ution of the bioconpatible polyner wherein the
active agent is dissolved, ermulsified or dispersed. As
in reservoir systens, the diffusion of the active
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In a first embodiment of the present invention, the active agent(s) form(s) a core
surrounded by an inert diffusion barrier formed by the biocompatibie polymer. These
- systems include e.g. membranes, capsules, microcapsules, liposomes and hollow
fibers. Here, the release of the active agent is mainly controlled by diffusion.

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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The composition of the present invention may further comprise one or more other
pharmacologically active compounds. Otic compositions in accordance with the
present invention can comprise various ingredients, including other biologically-active-
agents, such as antibiotics, e.g., fluoroquinolones, anti-inflammatory agents, e.g.,
steroids, cortisone, analgesics, antipyrine, benzocaine, procaine, antioxidants, e.g.
methionine, N-acetylcysteine, trolox, neurotrophins, e.g. GDNF or BDNF, anti-apoptotic

or anti-necrotic agents, e.g. leupeptin, caspase inhibitors, etc.

Pharmaceutical compositions of this invention suited for topical administration to the
inner ear contain a therapeutically effective amount of active ingredient(s), and, as
may be necessary, further components such as inorganic or organic, solid or liquid
- pharmaceutically acceptable carriers or vehicles, buffers, excipients and additives.

Suitable vehicles for topical administration are organic or inorganic substances,
which are pharmaceutically acceptable and which do not react with the active
compounds, for example saline, alcohols, vegetable oils, benzyl alcohols, alkylene
glycols, polyethylene glycols, glycerol triacetate, gelatin, carbohydrates such as
lactose or starch, magnesium, stearate, talc and petrolatum. The indicated
preparations can be sterilized and/or contain ancillary substances such as lubricants,
preservatives, such as thiomersal (e. g., at 50%), stabilizers and/or wetting agents,

emulsifiers, salts to influence the osmotic pressure, buffer substances, colorants,

and/or aromatizing substances.
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Formulations which cannot be injected or infused by any of the aforementioned
means may be deposited onto the target inner-middle ear interface structure across a
small opening in the tympanic membrane with the aid of surgical instrument.

The formulation can be administered prior to, during or after the onset of the inner ear
disorder. The amount to be administered may vary, depending upon the method of
administration, duration of therapy, the condition 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.



The rel ease of the NVDA receptor antagoni st Ketam ne,
whi ch had been previously shown to be effective in the
treatment of cochlear tinnitus, froma hyal uronic acid
gel formulation was evaluated in a two staged
approach. In a first stage, in vitro experinents were
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First, a gel was prepared at the concentration of 5%
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filter nmenbrane nearly as fast as a sinple Ketan ne
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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.
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i nner ear disorder is delivered into the inner ear.
The use of an appropriate in vivo nodel seens thus to
be i nperative. EXAMPLE 2 While the previous
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disinfected with a betadi ne solution and sut ured.

After 3 hours, 4 aninmals of each gel fornulation group
Resditdecapi t at ed under deep anaesthesi a (pentobarbital

g_hwpg/tbg’ to sanple the perilynph, with the remaining
Mars pei ng sacrificed after 48 hours. The right _
As G ea shaws,dhe hualuregic acid gel releases Ketamine relatively” quickly, i.e.

over just a few hours. The 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
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bone and the butte opened. A small hole was then
drilled Into the cochl ea by cochl eostony (dianeter 0.2
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2) The measured perilymph concentrations of Ketamine appear very low when
compared with the initial concentration of the pharmacologically active agent in
the gel. This may be explained by loss of the Ketamine into the middle ear,
absorption by the mucosa, the incapacity of the passive diffusion process to
pull more of the pharmaceutical compound into the perilymph, or a rapid
clearance of the drug from the perilymph. [n addition, the sampling technique
leads to a downward bias in measured concentrations, as minimum quantities
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



1. A conposition containing (i) a pharmaceutically

active agent of general fornmula I|: wherein R1, R2,
R3, R4, R5, R6 and R7 are H, O, F, |, CH3, CH2CH3,

NH2, OH , CONH2, COCI or COCH, or a derivativeor a

pharmaceutically active salt thereof, and (ii) a
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treatment of inner ear diseases.
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%/amréﬁlé" Sldt (Iﬂfj‘/ruﬂ%fd Sterile, Genzyme Corp.) or a poloxamer (Lutrol F127,
BASF) gel formulation containing S-(+)-Ketamine hydrochloride (Cristalia) through a
1ml syringe connected to a needle. Half of the animals received 0.5% hyaluronic acid
gel prepared in a phosphate buffered solution at pH 7.4 prepared in accordance with
the European Pharmacopeia (ref. 4005000). The Ketamine was dissolved in the gel
at a concentration of 1 mM with a magnetic stirrer over night at 4 degrees Celcius.
The remaining half of the animals received a 20% poloxamer gel also through a 1ml
syringe connected to a needle. The gel was prepared by adding slowly 600 mg of
Lutrol powder to 3 ml of the same phosphate buffered solution in a magnetic stirrer
(500 rpm). The mixing process continued then for 16 hours to obtain a clear solution
with minimum viscosity. As for the hyaluronic acid gel, the Ketamine was dissolved in
the poloxamer solution at a concentration of 1 mM with a magnetic stirrer over night.
Immediately after contact with the middle ear tissue of the guinea pigs, the poloxamer

gelified and became almost solid.

In order to inject the gel formulations, the guinea pigs were anaesthetized with a
single-dose i.p. injection of 0.3 mifkg 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 mgrkg) to sample the perilymph, with the
remaining animals being sacrificed after 48 hours. The right cochlea was extracted
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hours after administration. This shows that an injectable formulat:on provndes for a
similar concentration in the inner ear. FIG. 3 further shows that poloxamers also
provide for effective release across the round window membrane, whereas the
concentration in perilymph at three hours was more than double than that of the
hyaluronic acid concentration. This may be due to different release kinetics or to the
fact that the solidification of the gel within the round window niche, which fixed it
locally, allowed for a better contact with the round window membrane. After 3 hours,
parts of the much more fluid hyaluronic acid formulation may already have drained
from the round window niche respectively even the middle ear space down into the

pharynx.
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Meni ere's Di sease. 18. Conposition according to any of
clains 1 to 17, wherein the;inner ear diseases are

sel ected from excitotoxicity-induced ear cel
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4. A composition containing () a pharmaceutically active agent of

general formula I:-

wherein R1, R2, R3, R4, R5, R6 and R7 are H, Cl, F, I, CHs, CHaCHs, NHy,
OH , CONH,, COCI or COCH, or a derivativeor a pharmaceutically active salt
thereof, and (ii} a biocompatible polymer or a combination of biocompatible
polymers for use as a medicament in the treatment of inner ear diseases.

2. Compaosition according to claim 1, wherein the composition is solid, semi-solid,
gel-like, or liquid.

3. Compositicn according to claim 1 or 2, wherein the composition is a solution,
suspension, an emulsion or a thermosetling gel.

4, Composition according to any of preceding claims 1 to 3, wherein the
biocompatible polymer is selected from the group consisting of naturally
occurring polysaccharides or synthetic polymers or a mixture thereof.

5. Composition according fo claim 4, wherein the biocompatible polymer is
selected from block {co)polymers.

6. Composition according to claim 4 or 5, wherein the biocompatible polymer is
selected from hyaluronic acid, lecithin gels, (poly)alanine derivatives, plurcnics,
poly(ethylene)glycol, poloxamer, chitosan, xyloglucane, collagen, fibrin or a

mixture thereof.
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Composition according to any of preceding claims 4 to 6, wherein the
biocompatible polymer is biodegradable.

Composition according to claim 1, wherein the pharmaceutically active agent is
2-(2-chlorophenyh)-2-{methylamino)- cyclohexanone (ketamine), preferably (S)-
ketamine.

Compaosition according to any of preceding claims 1 to 8 containing further
components selected from the group consisting of pharmaceutically acceptabile
vehicles, buffers, excipients, additives and substances increasing the
permeability of a middle-inner ear interface tissue structure.

Composition according to claim 9, wherein the substance increasing the
permeability is histamine.

Composition according to any of claims 1 to 11, wherein the medicament is
formed as a release-of-drug-formulation.

Composition according to claim 11, wherein the medicament as a release-of-
drug-formulation releases the pharmaceulically active agent over several hours

up to several weeks.

Composition according to any of preceding claims 1 to 12, wherein the
medicament is injectable and modifies its viscosity upon insertion into the
middle ear.

Composition according to claims 1 to 13, wherein the medicament alters its
release profile by exposition to chemical agenis.

Composition according to claims 1 to 14, wherein the medicament is for
targeted release at the selected middle-inner ear interface tissue structure by
bic-adhesion or mechanical properties.
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Composition according to ¢laims 1 to 15, wherein the medicament is provided
in form of an implant.

Compaosition according io any of claims 1 to 16, wherein the inner ear diseases
are selected from finnitus, hearing loss, inner ear inflammations or infections,

auto-immune disorders, vertigo or Meniere's Disease.

Composition according to any of claims 1 to 17, wherein the inner ear diseases
are selected from excitotoxicity-induced ear cell degeneration or age-induced
ear cell degeneration.

Composition acceording to c¢laim 1, wherein the medicament is to be
administered by infusicn, injection ar by deposition by means of a surgical
instrument.



