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Figur 1:

(57) Abstract: The present invention relates to an oral thin film comprising at least one cellulose derivative and at least one pharma-
ceutically active agent, wherein the at least one pharmaceutically active agent has a water solubility of at most 50 g/1 at 20°C and a pH
of 6 to 7 and is present in the oral thin film at an amount of at least 20 wt% based on the total weight of the oral thin film, and also to
a method for the preparation thereof and the use thereof as medicament.

(57) Zusammenfassung: Die vorliegende Erfindung betrifft einen oralen Diinnfilm umfassend mindestens ein Cellulosederivat und
mindestens einen pharmazeutisch aktiven Wirkstoff, wobei der mindestens eine pharmazeutisch aktive Wirkstoff eine Wasserloslichkeit
von hochstens 50 g/L bei 20°C und einem pH von 6 bis 7 aufweist und in einer Menge von mindestens 20 Gew.-%, bezogen auf das
Gesamtgewicht des oralen Diinnfilms, in dem oralen Diinnfilm enthalten ist, sowie ein Verfahren zu dessen Herstellung und dessen
Verwendung als Arzneimittel.

[Fortsetzung auf der ndchsten Seite]
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ORAL THIN FILM WITH HIGH ACTIVE AGENT LOADING

Description

The present invention relates to an oral thin film, a method for production thereof,
and use thereof as a medicament.

Oral thin films are thin films containing at least one pharmaceutically active agent
that are placed directly in the oral cavity or against the oral mucosa and dissolve
there. These films are, in particular, thin active agent-containing polymer-based
films which, when applied to a mucous membrane, in particular the oral mucosa,
deliver the active agent directly into same. The very good blood supply to the oral
mucosa ensures a rapid transfer of the active agent into the bloodstream. This
dosage system has the advantage that the active agent is resorbed for the most part
by the mucous membrane, thus avoiding the first-pass effect, which occurs in the
case of the conventional dosage form of an active agent in tablet form. The active
agent may be dissclved, emulsified or dispersed in the film.

Oral thin films known from the prior art have the disadvantage that the
disintegration time or oral thin films is all the longer, the greater is the mass per
unit area and thus the active agent content of the oral thin film. Depending on the
application, however, long disintegration times are undesirable. In addition, known
oral thin films have the disadvantage that the maximum mass per unit area and thus
the amount of contained pharmaceutically active agent is determined by the drying
of the oral thin film during production thereof. The greater is the mass per unit area
of the oral thin film, the more pharmaceutically active agent may be contained
therein, however the drying time of the oral thin film is extended, as a result, to a
time that is no longer economical, and in addition the active agent may be
distributed inhomogeneously in the oral thin film.

The aim of the present invention lies in overcoming the above-mentioned
disadvantages of the prior art. Especially, the aim of the present invention lies in
providing an oral thin film having a relatively high active agent content, i.e. an
active agent content of at least approximately 20 wt.% in relation to the total weight
of the oral thin film, which oral thin film has a relatively short disintegration time,
with the pharmaceutically active agent being distributed relatively homogeneously in
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the oral thin film. In addition, a further aim of the present invention lies in providing
an economically viable method for producing an oral thin film of this kind.

The above aim is addressed by an oral thin film, which comprises at least one
cellulose derivative and at least one pharmaceutically active agent, characterised in
that the at least one pharmaceutically active agent has a water solubility of at most
approximately 50 g/L at 20°C and a pH of 6 to 7 and is contained in the oral thin film
in an amount of at least approximately 20 wt.% in relation to the total weight of the
oral thin film.

Various embodiments of the claimed invention relate to an oral thin film comprising
at least one cellulose derivative and at least one pharmaceutically active agent,
wherein the at least one pharmaceutically active agent has a water solubility of at
most 50 g/L at 20°C and a pH of 6 to 7, has a molecular weight of at most 1000
g/mol, comprises ketamine or a pharmaceutically acceptable salt thereof, and is
contained in the oral thin film in an amount of at least 20 wt.% in relation to the
total weight of the oral thin film, and wherein the at least one cellulose derivative
comprises hydroxypropyl methylcellulose.

Aspects of the disclosure relate to a method for producing an oral thin film as
claimed, the method comprising the steps of: a) producing an aqueous suspension or
solution comprising the at least one cellulose derivative and ketamine or a
pharmaceutically acceptable salt thereof, and b) spreading and drying the suspension
or solution obtained in step a) so that a thin film having a mass per unit area of 50 to
300 g/m? is obtained, the temperature at which the suspension or solution obtained
in step a) is dried being 50°C to 90°C.

Especially it has been found that the combination of at least one cellulose derivative
with a pharmaceutically active agent in a high concentration significantly accelerates
the otherwise relatively long disintegration time of oral thin films based on cellulose

derivatives. The water solubility of the at least one pharmaceutically active agent is

at most approximately 50 g/L at 20°C and a pH of 6 to 7.

The oral thin film according to the invention is characterised by a relatively high
loading with the at least one pharmaceutically active agent. The amount of the at
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least one pharmaceutically active agent is at least approximately 20 wt.%, preferably
at least approximately 30 wt.%, especially preferably at least approximately 35 wt.%,
and very especially preferably at least approximately 40 wt.%, in relation to the total
weight of the oral thin film,

A cellulose derivative is understood to mean any natural or synthetic polymer that
derives from cellulose or can be obtained by modification of cellulose. Possible
modifications comprise methylation, ethylation, hydroxypropylation, sulfonation,
nitration, acetylation, oxidation and/or mixtures thereof.

The oral thin film according to the invention is preferably characterised in that the at
least one cellulose derivative is contained in the oral thin film in an amount of
approximately 5 to 80 wt.%, preferably of approximately 10 to 70 wt.%, especially
preferably of approximately 20 to 60 wt.%, in relation to the total weight of the oral
thin film.
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In a preferred embodiment the oral thin film according to the invention is
characterised in that the at least one cellulose derivative comprises a water-soluble
and/or water-swellable cellulose derivative.

Water-soluble/water-swellable polymers comprise chemically very different natural or
synthetic polymers, the common feature of which is their solubility/swellability in
water or aqueous media. A precondition is that these polymers have a number of
hydrophilic groups sufficient for the water solubility/water swellability and are not
crosslinked. The hydrophilic groups may be non-ionic, anionic, cationic and/or
zwitterionic.

The at least one cellulose derivative in the oral thin film according to the invention
preferably comprises hydroxypropyl methylcellulose.

In a further preferred embodiment, the at least one cellulose derivative comprises a
mixture of two cellulose derivatives having different viscosities, preferably a mixture
of two hydroxypropyl methylcelluloses having different viscosities. The oral thin film
according to the invention especially preferably comprises a mixture of two
hydroxypropyl methylcelluloses, and these preferably have a viscosity of
approximately 3 to approximately 50 mPas {measured by USP monagraph <911>
method 1, from 2012).

The ratio of low-viscosity to high-viscosity cellulose derivative, preferably of low-
viscosity hydroxypropyl methylcellulose to high-viscosity hydroxypropyl
methylcellulose, is preferably approximately 1:5 to 5:1.

A mixture of a low-viscosity and a high-viscosity cellulose derivative, preferably
hydroxypropyl methylcellulose, has the advantage that the solids content and
viscosity of the liquid mixture can be set to properties acceptable for the production.

The oral thin film according to the invention is preferably characterised in that the at
least one pharmaceutically active agent has a molecular weight of at most

approximately 1000 g/mol, preferably of at most approximately 500 g/mol.

Pharmaceutically active agents with a higher molecular weight on the one hand
generally have a lower mucosa permeability and are thus disadvantageous.
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The at least one pharmaceutically active agent in the oral thin film according to the
invention especially preferably comprises ketamine and/or a pharmaceutically
acceptable salt thereof, preferably ketamine-HCl. In the present case, ketamine is
understood to mean (S)-(£)-2-(2-chlorophenyl)-2-(methylamino)cyclohexan-1-one,
(R)-(£)-2-(2-chlorophenyl)-2-(methylamino)cyclohexan-1-one, and the racemate
(RS)-(%)-2-(2-chlorophenyl)-2-(methylamino)cyclohexan-1-one.

If the ketamine or a pharmaceutically acceptable salt thereof is present in the form
of at least one of the pharmaceutically active agents contained in the oral thin film
according to the invention, both (S) ketamine and (R) ketamine as well as a racemic
mixture of the two may be contained in the oral thin film according to the invention.
However, (S) ketamine or a pharmaceutically acceptable salt thereof, especially (S)
ketamine HCl, is especially preferably present as a single sterecisomer of ketamine,
since the analgesic and anaesthetic potency of (S) ketamine is approximately three
times higher than that of the (R) form.

The oral thin film according to the invention is preferably characterised in that the
oral thin film comprises at least one auxiliary substance selected from the group
comprising colouring agents, flavourings, sweeteners, taste-masking agents,
emulsifiers, enhancers, pH requlators, humectants, preservatives and/or
antioxidants.

Each of these auxiliaries is preferably contained in the oral thin film in each case in
an amount of approximately 0.1 to 10 wt.% in relation to the total weight of the oral
thin film.

The oral thin film according to the invention is preferably characterised in that the
mass per unit area of the oral thin film is approximately 50 to 300 g/m?, preferably
approximately 100 to 200 g/m?.

The oral thin film according to the invention especially preferably comprises
approximately 40 to 45 wt.%, preferably approximately 41 wt.% of (S)
ketamine-HCl, approximately 35 to 40 wt.%, preferably approximately 39.5 wt.%, of
a hydroxypropyl methylcellulose with a viscosity of approximately 1 to 5 mPas,
preferably of approximately 3 mPas, approximately 5 to 15 wt.%, preferably
approximately 10 wt.%, of a hydroxypropyl methylcellulose with a viscosity of
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approximately 40 to 60 mPas, preferably of approximately 50 mPas, and the usual
auxiliaries in an amount of, in each case, approximately 0.1 to 10 wt.%. An oral thin
film of this kind preferably has a mass per unit area of approximately 175 g/m? auf.

In an especially preferred embodiment the oral thin film according to the invention is
not a foam.

The present invention also relates to a method for producing the oral thin film
described above.

The method comprises the steps of

a) producing an aqueous suspension or solution comprising the at least one cellulose
derivative and the at least one pharmaceutically active agent, and

b) spreading and drying the suspension or solution obtained in step a) so that a thin
film having a mass per unit area of approximately 50 to 300 g/m? is obtained, the
temperature at which the suspension or solution obtained in step a) is dried being
approximately 50°C to 90°C, preferably approximately 60°C to 80°C, and especially
preferably approximately 70°C.

It has advantageously been found that, by drying the suspension or solution
obtained in step a) at approximately 50°C to 90°C, preferably at approximately 60°C
to 80°C, and especially preferably at approximately 70°C, the at least one
pharmaceutically active agent is distributed especially homogeneously in the
obtained oral thin film. At lower drying temperatures, on the one hand the solvent
cannot be fully removed, and on the other hand an inhomogeneous crystallisation
occurs, with a very inhomogeneous distribution pattern of the at least one
pharmaceutically active agent, which is undesirable.

The method according to the invention is also characterised in that the at least one
cellulose derivative preferably comprises hydroxypropyl methylcellulose.

The method according to the invention is also characterised in that the at least one

pharmaceutically active agent comprises ketamine or a pharmaceutically acceptable
salt thereof, preferably (S) ketamine or a pharmaceutically acceptable salt thereof.
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The present invention also relates to an oral thin film obtainable by the method
described above.

In addition, the present invention relates to an oral thin film, as described above or
obtainable by the above-described method, as a medicament.

The present invention additionally relates to an oral thin film, as described above or
obtainable by the above-described method, as a medicament for use in the
treatment of depressions, especially to reduce the risk of suicide and/or for use as a
general anaesthetic, preferably to initiate and carry out general anaesthesia, or as a
supplement in the case of local anaesthesia and/or as an analgesic.

The preferred embodiments described above for the thin film according to the
invention are also applicable for the method according to the invention, the oral thin
film obtained thereby, and use of said oral thin film as a medicament.

Description of the drawings

Figure 1 shows a thin film according to the invention in accordance with the
formulation specified in Table 1, directly after the coating.

Figure 2 shows a thin film in accordance with the formulation specified in Table 1,
which was dried at room temperature (approximately 20°C).

Figure 3 shows a thin film in accordance with the formulation specified in Table 1,
which was dried at approximately 70°C in accordance with the invention.

The invention will be described in greater detail hereinafter on the basis of non-
limiting examples.
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Examples
Example 1:
Oral thin film according Comparative example,
to the invention [wt.%]
[wt.%]
(S) ketamine 41.0 ---
HPMC 2910 (3 mPas) 39.5 39.5
HPMC 2910 (50 mPas) 10.0 10.0
Glycerol 3.5 3.5
Cherry Flavour M55364 3.0 3.0
Sucralose 1.0 1.0
Sodium saccharin 2.0 2.0
Solvent Ultrapure water Ultrapure water
Mass per unit area 175 g/m? 175 g/m?
Disintegration time 41 seconds 72 seconds

In accordance with the method according to the invention, oral thin films having the
formulations specified in Table 1 were produced. The disintegration time of the oral
thin films was then measured by means of USP method <701> Disintegration, from

2016.

Used apparatus: Disintegration tester DIST 3 with disintegration baskets
Number of strokes per minute: 29 - 32

Medium: Water

Temperature: 37 °C £ 2 °C

End-point detection: Visual

End-point: Total disintegration of the film

Example 2:

An oral thin film was produced in accordance with the formulation according to the
invention from Table 1 in accordance with the method according to the invention
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and was dried at 70°C. For comparison, the same formulation was dried at room
temperature (approximately 20°C).

The resultant thin films are shown in Figures 1 to 3.

Figure 1 shows the thin film according to the invention in accordance with the
formulation specified in Table 1 directly after the coating. The active agent (S)
ketamine is present in partially dissolved form or partially particulate form.

Figure 2 shows a thin film in accordance with the formulation specified in Table 1,
which film was dried at room temperature (approximately 20°C). The active agent
(S) ketamine is present in an inhomogeneously crystallised form.

Figure 3 shows a thin film according to the formulation specified in Table 1, which

film was dried at approximately 70°C in accordance with the invention. The active
agent (S) ketamine is present in an extremely homogeneous form.

Date Regue/Date Received 2020-06-04
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Claims
1. An oral thin film comprising at least one cellulose derivative and at least one
pharmaceutically active agent, wherein the at least one pharmaceutically active
agent
has a water solubility of at most 50 g/L at 20°C and a pH of 6 to 7,
has a molecular weight of at most 1000 g/moil,

comprises ketamine or a pharmaceutically acceptable salt thereof, and

is contained in the oral thin film in an amount of at least 20 wt.% in
relation to the total weight of the oral thin film,

and wherein the at least one cellulose derivative comprises hydroxypropyl
methylcellulose.

2. The oral thin film according to claim 1 or characterised in that the
hydroxypropyl methylcellulose is contained in the oral thin film in an amount of
5 to 80 wt.% in relation to the total weight of the oral thin film.

3. The oral thin film according to claim 1 or 2, wherein the hydroxypropyl
methylcellulose is water-soluble and/or water-swellable.

4. The oral thin film according to any one of claims 1 to 3, wherein the oral thin
film comprises a mixture of two hydroxypropyl methylcelluloses.

5. The oral thin film according to claim 4, wherein the two hydroxypropyl
methylcelluloses have different viscosities.

6. The oral thin film according to any one of claims 1 to 5, wherein the at least

one pharmaceutically active agent has a molecular weight of at most
500 g/mol.
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7. The oral thin film according to any one of claims 1 to 6, wherein the at least
one pharmaceutically active agent comprises (S) ketamine or a
pharmaceutically acceptable salt thereof.

8. The oral thin film according to any one of claims 1 to 8, wherein the oral thin
film further comprises at least one auxiliary selected from the group consisting
of colouring agents, flavourings, sweeteners, taste-masking agents,
emulsifiers, enhancers, pH regulators, humectants, preservatives and
antioxidants.

9. The oral thin film according to any one of claims 1 to 8, wherein the mass per
unit area of the oral thin film is 50 to 300 g/m?.

10. A method for producing an oral thin film according to any one of claims 1 to 9,
comprising the steps of:

a) producing an aqueous suspension or solution comprising at least one
cellulose derivative and the at least one pharmaceutically active agent, ,
wherein the at least one pharmaceutically active agent
has a water solubility of at most 50 g/L at 20°C and a pH of 6 to 7,
has a molecular weight of at most 1000 g/mol, and

comprises ketamine or a pharmaceutically acceptable salt thereof,

and wherein the at least one cellulose derivative comprises hydroxypropyl
methylcellulose; and

b) spreading and drying the suspension or solution obtained in step a) so
that a thin film having a mass per unit area of 50 to 300 g/m? is
obtained, the temperature at which the spreaded suspension or solution
is dried being 50°C to 90°C.
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The method according to claim 10, wherein the ketamine or pharmaceutically
acceptable salt thereof comprises (S) ketamine or a pharmaceutically
acceptable salt thereof.

An oral thin film obtained by the method according to any one of claims 10 or
11.

Use of the oral thin film according to any one of claims 1 to 9 and 12 for the
treatment of depressions.

Use of the oral thin film according to any one of claims 1 to 9 and 12 in
preparation of a medicament for the treatment of depressions.

The oral thin film according to any one of claims 1 to 9 and 12 for use in the
treatment of depressions.
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Figure 3:
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