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PHARMACEUTICAL FORMULATION

Field of the Invention

The present invention relates to a film comprising an alginate salt of a monovalent
cation or a mixture of alginate salts containing at least one alginate salt of a monovalent
cation, and a compound of Formula (I), such as adrenaline, or a pharmaceutically acceptable
salt thereof. The present invention further relates to methods for manufacturing such a film,
and the use of such a film in the treatment of disease, in particular the treatment of

anaphylaxis, superficial bleeding and cardiac arrest.

Backeround to the Invention

Adrenaline is a hormone and neurotransmitter that is normally produced in the human
body by the adrenal glands and certain neurones. It plays an important role in the “flight or
fight” response by (e.g.) increasing blood flow to muscles, heart rate, output of the heart,
respiratory rate, bronchodilation, pupil dilation, and blood sugar levels. At the molecular

level, adrenaline acts on a- and -adrenergic receptors.

Adrenaline is also useful as a medicament in the treatment of a number of conditions.
In particular, it is used to treat conditions including anaphylaxis, superficial bleeding and
cardiac arrest. In anaphylaxis, which is a severe, life threatening systemic reaction,
adrenaline is indicated in the emergency treatment of allergic reactions including anaphylaxis
to stings, contrast agents, medicines or in people with a history of anaphylactic reactions to
known triggers. It is believed that adrenaline mediates the effects of anaphylaxis through (a)
stimulation of a-adrenoceptors, increasing peripheral vascular resistance thus improving
blood pressure and coronary perfusion, reversing peripheral vasodilation, and decreasing
angioedema, (b) stimulation of 1 adrenoceptors, giving positive inotropic and chronotropic
cardiac effects, and (c) stimulation of B2 adrenoceptors, causing bronchodilation and
increasing intracellular cyclic adenosine monophosphate production in mast cells and
basophils, reducing release of inflammatory mediators. [1] The recommend dose of
adrenaline in the treatment of anaphylaxis is around 0.3-1.0 mg in adults, and 0.01 mg/kg in
infants and children. [1] Adrenaline is also useful in the treatment of superficial bleeding,

including abrasions and nosebleeds. Adrenaline reduces blood flow to the skin by
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constriction of small blood vessels, and therefore local or systemic application of adrenaline
may be used to divert blood flow away from the site of injury and hence reduce bleeding
from wounds. Adrenaline has also been used as a suppository to constrict blood vessels and
thereby shrink haemorrhoids. In a related use, adrenaline can also be mixed with local
anaesthetics (e.g. lignocaine) to prevent the diffusion of the anaesthetic away from the site of
action, prolong its numbing effect, and lessen toxicity and arrest bleeding by constricting the

small blood vessels. [2]

The only currently available formulations of adrenaline for e.g. treatment of
anaphylaxis are injectable formulations; in particular, intramuscular injection is
recommended. However, intramuscular injection is invasive and carries a risk of needle-stick
injuries in first responders and caregivers. Furthermore, intramuscular injection can be
difficult as the depth of subcutaneous fat varies between patients, and may result instead in
subcutaneous or intravenous injection. Subcutaneous injection is thought to be associated
with a significantly delayed time of peak plasma concentration of adrenaline compared with
intramuscular injection. [3] Meanwhile, intravenous dosing of adrenaline may be associated
in many patients with undesirable side effects, sometimes even severe or fatal, and should be

reserved only for those patients with unresponsive anaphylaxis. [1]

Further, solution formulations of adrenaline are known to have low stability, resulting
in a low shelf life of formulations. In particular, oxidation is the primary route for
degradation of adrenaline in aqueous solution. This process is accelerated by exposure to
light, oxygen, neutral or alkaline pH, or increased temperature. The influence of pH is
thought to be the primary determinant of adrenaline stability. The stability of adrenaline is

optimal around pH 3-4 and acceptable below pH 5.5. [4]

In summary, no formulation of adrenaline is currently available which can be
administered in a non-invasive fashion, is needle-free and which results in acceptable
bioavailability and blood plasma concentrations of adrenaline with low variability between
patients, and which is sufficiently stable so as to have an acceptable shelf life as a medicinal

product.
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Summary of the Invention

The present invention is based on the unexpected finding that formulations of a
compound of Formula (I), such as adrenaline, or pharmaceutically acceptable salts thereof, in
a film suitable for administration to an oral cavity can provide an advantageous balance of
properties. This balance of properties is desirable for use in the treatment of conditions such
as anaphylaxis, superficial bleeding and cardiac arrest. In particular, where the film
formulation comprises adrenaline or a pharmaceutically acceptable salt thereof, the properties
of the film compare favourably with those of intramuscular adrenaline-containing
formulations. The film formulations of adrenaline can potentially provide a needle-free
alternative to intramuscular formulations, whilst enabling acceptable plasma levels of
adrenaline to be delivered to patients, with low variability between patients. Further, the film
formulations of adrenaline were found to be essentially stable for 83 days at room

temperature.

Hence, the invention provides for the first time a film suitable for administration to an
oral cavity comprising a compound of Formula (I), such as adrenaline, its use in the treatment
of patients suffering from conditions such as anaphylaxis, superficial bleeding and cardiac

arrest, and methods for its manufacture.

In one aspect, the present invention provides a film suitable for administration to an
oral cavity comprising:
(1) an alginate salt of a monovalent cation or a mixture of alginate salts containing
at least one alginate salt of a monovalent cation; and
(i1) an active pharmaceutical ingredient (API) which is a compound of Formula (I)

or a pharmaceutically acceptable salt thereof

wherein:
X is selected from hydrogen and OH;
R! is selected from hydrogen, OH and CH,OH;
R? and R* are independently selected from hydrogen and OH;
R* is selected from hydrogen and methyl; and

3
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RY is selected from hydrogen and Ci.4 alkyl;

further wherein the alginate salt of a monovalent cation (a) comprises from 25 to 35% by
weight of B-D-mannuronate and/or from 65 to 75% by weight of a-L.-guluronate, and (b) has a

mean molecular weight of from 30,000 g/mol to 90,000 g/mol.

In another aspect, the present invention provides a film according to the invention for

use in the treatment of a human patient.

In another aspect, the present invention provides a film according to the invention for

use in the treatment of anaphylaxis, superficial bleeding or cardiac arrest, in a human patient.

In a further aspect, the present invention provides a method of treating anaphylaxis,
superficial bleeding or cardiac arrest in a human patient, wherein said method comprises

administration of at least one film according to the invention to the human patient.

In another aspect, the present invention provides the use of a film according to the
invention for the manufacture of a medicament for the treatment of anaphylaxis, superficial

bleeding or cardiac arrest in a human patient.

In another aspect, the present invention provides a method of manufacturing a film
according to the invention, said method comprising the following steps:
(a) either the steps of:

(1) optionally, mixing at least one antioxidant in water;
(i1) mixing the API in water, or in the solution obtained in step (i), and
optionally subsequently adjusting the pH of the solution to the desired
level by addition of an appropriate acid or base, typically a diluted
aqueous acid or alkali, more typically a diluted aqueous alkali, and
preferably adjusting the pH of the solution to from 3.8 to 5.5;
(ii1) optionally, mixing one or more excipients into the solution
obtained in step (ii); and
(iv) adding the alginate salt of monovalent cation under suitable
conditions to result in the formation of a viscous cast;

or alternatively the steps of:
(1) mixing one or more excipients in water;
(i1) separately, dissolving the API in water, or an aqueous solution

containing one or more antioxidants, and optionally adjusting the pH
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of the solution to the desired level by addition of an appropriate acid or
base, typically a diluted aqueous acid or alkali, more typically a diluted
aqueous alkali, and preferably adjusting the pH of the solution to from
3.8t05.5;

(111) mixing the solution obtained in step (i) with the alginate salt of
monovalent cation; and

(iv) adding the alginate salt of monovalent cation under suitable
conditions to result in the formation of a viscous cast;

(b) optionally, leaving the cast to de-aerate;

(c) pouring the cast onto a surface and spreading the cast out to the desired
thickness;

(d) drying the cast layer, typically at a temperature of from 30 to 60 °C until
the residual water content of the film is from 0 to 20% by weight and a
solid film is formed; and

(e) optionally, cutting the solid film into pieces of the desired size, further
optionally placing these pieces into pouches, preferably wherein the
pouches are made from PET-lined aluminium, sealing the pouches and

further optionally, labelling them.

Brief Description of the Figures

Fig. 1 shows the amount of adrenaline present (as mg/dose) in a film formulation also
comprising ascorbic acid at various time points when stored either at room temperature
(25 °C; bars on left-hand side of each pair) or 40 °C (bars on right-hand side of each pair)

over a period of 83 days.

Fig. 2 shows the relative substance area (%) for impurities having a relative retention
time (RRT) of 0.89, 1.14, 1.68, 2.32, 2.86 and 3.16 for formulations #50, #51, #52 and #53
with increasing molar ratio of ascorbic acid to molar ratio of adrenaline. Films were stored

for 8 weeks at 40 °C/75% R.H.

Fig. 3 shows the relative substance area (%) for impurities having an RRT of 0.89,
1.14, 1.68, 2.32, 2.86 and 3.16 for formulations #54, #55, #56 and #57 with increasing molar
ratio of sodium bisulfite to molar ratio of adrenaline. Films were stored for 8 weeks at

40 °C/75% R.H.
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Fig. 4 shows the relative substance area (%) for impurities having an RRT of 0.89,
1.14, 1.68, 2.32, 2.86 and 3.16 for formulations #50, #51, #52 and #53 with increasing molar
ratio of ascorbic acid to molar ratio of adrenaline. Films were stored for 12 weeks at 40

°C/75% R.H.

Fig. 5 shows the relative substance area (%) for impurities having an RRT of 0.89,
1.14, 1.68, 2.32, 2.86 and 3.16 for formulations #54, #55, #56 and #57 with increasing molar
ratio of sodium bisulfite to molar ratio of adrenaline. Films were stored for 12 weeks at

40 °C/75% R.H.

Fig. 6 shows the relative substance area (%) for impurities having an RRT of 1.14,
1.68, 2.32, 2.86 and 3.16 for formulations #81, #82, #83 and #84 with increasing molar ratio
of ascorbic acid to molar ratio of adrenaline. Films were stored for 4 weeks at 40 °C/75%

R.H.

Fig. 7 shows (A) the relative substance area (%) for impurities having an RRT of
0.89, 1.14, 1.68, 2.32, 2.86 and 3.16 for formulations #83, #88 and #90 with increasing
content of EDTA after 4-week storage at 40 °C/75% R.H., and (B) the relative substance area
(%) for impurities having an RRT of 1.14, 1.68, 2.32, 2.86 and 3.16 for formulations #87,
#89 and #91 with increasing content of EDTA after 4-week storage at 40 °C/75% R.H..

Fig. 8 shows the relative substance area (%) for impurities having an RRT of 1.14,
1.68, 2.32, 2.86 and 3.16 for formulations #81, #82, #83 and #84 with increasing molar ratio
of ascorbic acid to molar ratio of adrenaline. Films were stored for 8 weeks at 40 °C/75%

R.H.

Fig. 9 shows (A) the relative substance area (%) for impurities having an RRT of
0.89, 1.14, 1.68 and 3.16 for formulations #83, #88 and #90 with increasing content of EDTA
after 8-week storage at 40 °C/75% R.H., and (B) the relative substance area (%) for
impurities having an RRT of 1.14, 1.68 and 3.16 for formulations #87, #89 and #91 with
increasing content of EDTA after 8-week storage at 40 °C/75% R.H.

Fig. 10 shows the relative substance area (%) for impurities having an RRT of 1.14,
1.68, 2.86, 3.16 and 3.9 with increasing molar ratio of ascorbic acid to molar ratio of
adrenaline in the formulations #81, #82, #83 and #84. Films were stored for 12 weeks at
40 °C/75% R.H.
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Fig. 11 shows (A) the relative substance area (%) for impurities having an RRT of
1.14, 1.68 and 3.16 for formulations #83, #88 and #90 with increasing content of EDTA after
12-week storage at 40 °C/75% R.H., and (B) the relative substance area (%) for impurities
having an RRT of 1.14, 1.68 and 3.16 for formulations #87, #89 and #91 with increasing
content of EDTA after 12 weeks of storage at 40 °C/75% R.H.

Fig. 12 shows (A) the content of impurity C (RRT 1.15) with increasing content of
ascorbic acid (in molar ratio to epinephrine); note that there is a break in x-axis between 0.01
to 0.05, and (B) the content of impurity C (RRT 1.15) with increasing concentration of EDTA

(%). AA = ascorbic acid; BS = sodium metabisulfite.

Fig. 13 shows (A) the content of impurity at RRT 1.11, (B) impurity C (RRT 1.15),
(C) impurity at RRT 1.28, (D) impurity at RRT 1.31, (E) impurity at RRT 1.33, and (F)
impurity at RRT 1.56 with increasing content of ascorbic acid (in molar ratio to epinephrine);
note that there is a break in x-axis between 0.01 to 0.05. AA = ascorbic acid; BS = sodium

metabisulfite.

Fig. 14 shows (A) the content of impurity at RRT 1.11, (B) impurity C (RRT 1.15),
and (C) impurity at RRT 1.31 with increasing concentration of EDTA (%). AA = ascorbic

acid; BS = sodium metabisulfite.

Detailed Description of the Invention

The present invention is concerned with a film, suitable for administration to an oral
cavity, which can be used for delivery of a compound of Formula (I), such as adrenaline, or a
pharmaceutically acceptable salt thereof to a human patient. Such a film may also be referred
to as an oral dissolvable film (ODF) and/or an oral transmucosal film (OTF). The film is
typically an alginate film which is applied by the patient themselves or another person, e.g. a
medical practitioner, a nurse, a carer, a social worker, a colleague of the patient or a family
member of the patient, to the mucosa of the oral cavity. The film is bioadhesive and adheres
to the surface of the oral cavity upon application. After application, the alginate film begins
to dissolve, releasing the active pharmaceutical ingredient. The present invention is useful in

particular in the treatment of anaphylaxis, superficial bleeding and cardiac arrest.

For the avoidance of doubt, all alternative and preferred features relating to the film

per se apply equally to the use of said film in the treatment of a human patient.
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Definitions

As defined herein, the term “alkyl” refers to a linear or branched saturated
monovalent hydrocarbon radical having the number of carbon atoms indicated in the prefix.
Thus, the term “Ci4 alkyl” refers to a linear saturated monovalent hydrocarbon radical of one
to four carbon atoms or a branched saturated monovalent hydrocarbon radical of three or four

carbon atoms, e.g. methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl and fert-butyl.

As defined herein, the term “acyl” refers to a -COR radical, wherein R is alkyl,
haloalkyl, cycloalkyl, cycloalkylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl, or
heterocyclylalkyl, each as defined herein, or poly(ethylene glycol), and wherein R is
optionally further substituted with one, two, three, four or more substituents independently
selected from alkyl, alkoxy, halo, haloalkoxy, -OH, -NHa, alkylamino, -COOH, or
alkoxycarbonyl.

As defined herein, the term “alkoxy” refers to an -OR radical where R is alkyl as
defined above, e.g., methoxy, ethoxy, n-propoxy, iso-propoxy, n-butyl, iso-butyl, fert-butyl
and the like.

As defined herein, the term “alkoxycarbonyl” refers to a -C(O)OR radical where R is
alkyl, haloalkyl, cycloalkyl, cycloalkylalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl,
heterocyclyl, or heterocyclylalkyl, each as defined herein, or poly(ethylene glycol), and
wherein R is optionally further substituted with one, two, three, four or more substituents
independently selected from alkyl, alkoxy, halo, haloalkoxy, -OH, -NHoa,
alkylamino, -COOH, or alkoxycarbonyl.

As defined herein, the term “alkylamino” refers to an -NHR radical where R is alkyl
as defined above, e.g. methylamino, ethylamino, n-propylamino, iso-propylamino, and the

like.

As defined herein, the term “aryl” refers to a monovalent monocyclic or bicyclic

aromatic hydrocarbon radical of 6 to 10 ring atoms, e.g. phenyl or naphthyl, and the like.

As defined herein, the term “aralkyl” refers to an -(alkylene)-R radical where R is aryl

as defined above.

As defined herein, the term “carbamate” refers to a -C(O)NR*RY radical where R* and

RY are independently hydrogen, alkyl, haloalkyl, cycloalkyl, cycloalkylalkyl, aryl, aralkyl,
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heteroaryl, heteroaralkyl, heterocyclyl, or heterocyclylalkyl, each as defined herein, or
poly(ethylene glycol), and wherein R* and R” are optionally further substituted with one, two,
three, four or more substituents independently selected from alkyl, alkoxy, halo,

haloalkoxy, -OH, -NH3, alkylamino, -COOH, or alkoxycarbonyl.

As defined herein, the term “cycloalkyl” refers to a cyclic saturated monovalent
hydrocarbon radical of three to ten carbon atoms wherein one or two carbon atoms may be
replaced by an oxo group, e.g. cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl, and the
like.

As defined herein, the term “cycloalkylalkyl” refers to an -(alkylene)-R radical where
R is cycloalkyl as defined above, e.g. cyclopropylmethyl, cyclobutylmethyl,
cyclopentylethyl, or cyclohexylmethyl, and the like.

As defined herein, the term “halo” refers to fluoro, chloro, bromo, or iodo, preferably

fluoro or chloro.

As defined herein, the term “haloalkyl” refers to an alkyl radical as defined above,
which is substituted with one or more halogen atoms, preferably one to five halogen atoms,
preferably fluorine or chlorine, including those substituted with different halogens,

c.g. -CHzCl, -CF3, -CHFZ, -CHZCFS, -CFZCFS, —CF(CH3)2, and the like.

As defined herein, the term “haloalkoxy” refers to an -OR radical where R is

haloalkyl as defined above, e.g. -OCF;, -OCHF, and the like.

As defined herein, the term “heteroaryl” refers to a monovalent monocyclic or
bicyclic aromatic radical of 5 to 10 ring atoms where one or more, preferably one, two, or
three, ring atoms are heteroatom selected from N, O, or S, the remaining ring atoms being
carbon. Representative examples include, but are not limited to, pyrrolyl, thienyl, thiazolyl,
imidazolyl, furanyl, indolyl, isoindolyl, oxazolyl, isoxazolyl, benzothiazolyl, benzoxazolyl,
quinolinyl, isoquinolinyl, pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl, triazolyl, tetrazolyl,
and the like.

As defined herein, the term “heteroaralkyl” refers to an -(alkylene)-R radical where R

is heteroaryl as defined above.

As defined herein, the term “heterocycyl” refers to a saturated or unsaturated

monovalent monocyclic group of 4 to § ring atoms in which one or two ring atoms are
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heteroatoms selected from N, O, or S(O),, where n is an integer from 0 to 2, the remaining
ring atoms being C. The heterocyclyl ring is optionally fused to a (one) aryl or heteroaryl
ring as defined herein provided the aryl and heteroaryl rings are monocyclic. Additionally,
one or two ring carbon atoms in the heterocyclyl ring can optionally be replaced by a -CO-
group. More specifically the term heterocyclyl includes, but is not limited to, pyrrolidino,
piperidino, homopiperidino, 2-oxopyrrolidinyl, 2-oxopiperidinyl, morpholino, piperazino,
tetrahydropyranyl, thiomorpholino, and the like. When the heterocyclyl ring is unsaturated it

can contain one or two ring double bonds, provided that the ring is not aromatic.

As defined herein, the term “heterocycloalkyl” refers to an -(alkylene)-R radical
where R is heterocyclyl ring as defined above, e.g. tetraydrofuranylmethyl,

piperazinylmethyl, morpholinylethyl, and the like.
As defined herein, “room temperature” refers to a temperature of 25 °C.

As defined herein, the term “oral cavity” is understood to mean the cavity of the
mouth, and includes the inner upper and lower lips, all parts of the inner cheek, the sublingual
area under the tongue, the tongue itself, as well as the upper and lower gums and the hard and

soft palate.

As defined herein, the term “oral mucosa” is understood to mean the mucous
membrane lining the inside of the mouth, and includes (but does not exclusively refer to)
mucosa in the buccal, labial, sublingual, ginigival or lip areas, the soft palate and the hard

palate.
Films of the present invention

The present invention provides a film suitable for administration to an oral cavity
comprising:
(1) an alginate salt of a monovalent cation or a mixture of alginate salts containing
at least one alginate salt of a monovalent cation; and
(i1) an active pharmaceutical ingredient (API) which is a compound of Formula (I)

or a pharmaceutically acceptable salt thereof

10
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wherein:
X is selected from hydrogen and OH;
R! is selected from hydrogen, OH and CH,OH;
R? and R* are independently selected from hydrogen and OH;
R* is selected from hydrogen and methyl; and
R’ is selected from hydrogen and Ci- alkyl.

Preferably, the compound of Formula (I) is adrenaline. More preferably, the
compound of Formula (I) is (—)-adrenaline. Alternatively, the compound of Formula (I) is a

racemic mixture of (—)-adrenaline and (+)-adrenaline.

The function of said alginate salt of a monovalent cation or mixture of alginate salts
containing at least one alginate salt of a monovalent cation within the film is to act as a film-
forming agent. As used herein, the term “film-forming agent” refers to a chemical or group

of chemicals that form a pliable, cohesive and continuous covering when applied to a surface.

Alginate, the salt of alginic acid, is a linear polysaccharide naturally produced by
brown seaweeds (Phaeophyceae, mainly Laminaria). Typically the alginate employed in the
present invention comprises from 100 to 3000 monomer residues linked together in a flexible
chain. These residues are of two types, namely B-(1,4)-linked D-mannuronic acid (M)
residues and a-(1,4)-linked L-guluronic acid (G) residues. Typically, at physiological pH, the
carboxylic acid group of each residue in the polymer is ionised. The two residue types are
epimers of one another, differing only in their stereochemistry at the C5 position, with D-
mannuronic acid residues being enzymatically converted to L-guluronic acid residues after
polymerization. However, in the polymer chain the two residue types give rise to very
different conformations: any two adjacent D-mannuronic acid residues are *C;-diequatorially
linked whilst any two adjacent L-guluronic acid residues are *Ci-diaxially linked, as

illustrated in Formula (II) below.

11



WO 2019/224323 PCT/EP2019/063376

Formula (II)

Typically in the alginate polymer, the residues are organised in blocks of identical or
strictly alternating residues, e.g. MMMMM..., GGGGG... or GMGMGM.... Different
monovalent and polyvalent cations may be present as counter ions to the negatively-charged
carboxylate groups of the D-mannuronic acid and L.-guluronic acid residues of the alginate
polymer. Typically, the film comprises an alginate salt wherein the counter ions of the
alginate polymer are monovalent cations. The cations which are the counterions of a single
alginate polymer molecule may all be the same as one another or may be different to one
another. Preferably, the counterions of the alginate polymer are selected from the group
consisting of Na*, K* and NH4*. More preferably, the counterions of the alginate polymer are
Na*. Alternatively, the film may comprise a mixture of alginate salts containing at least one
alginate salt of a monovalent cation. The mixture of alginate salts may comprise an alginate

salt of a cation selected from the group consisting of Na*, K* and NH4*.

Typically, the film comprises an alginate composition which has a dynamic viscosity,
as measured on a 10% aqueous solution (w/w) thereof at a temperature of 20 °C with a
Brookfield LVF viscometer (obtained from Brookfield Engineering Laboratories, Inc.), using
a spindle No. 2 at a shear rate of 20 rpm, of 100-1000 mPa.s, or 200-800 mPa.s, or 300-
700 mPa.s.

Preferably, the film comprises an alginate composition having a mean guluronate (G)
content of from 50 to 85%, more preferably from 60 to 80%, and most preferably from 65 to
75% by weight. Preferably, the film comprises an alginate composition having a mean
maluronate (M) content of from 15 to 50%, more preferably from 20 to 40%, and most
preferably from 25 to 35% by weight. Preferably, the film comprises an alginate composition
having a mean molecular weight ranging from 30,000 g/mol to 90,000 g/mol, such as from
35,000 g/mol to 85,000 g/mol, or from 40,000 g/mol to 70,000 g/mol, or from 40,000 g/mol
to 50,000 g/mol. Preferably, the film comprises an alginate composition having a mean

guluronate (G) content of from 50 to 85%, a mean maluronate (M) content of from 15 to
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50%, and a mean molecular weight ranging from 30,000 g/mol to 90,000 g/mol. More
preferably, the film comprises an alginate composition having a mean guluronate (G) content
of from 60 to 80%, a mean maluronate (M) content of from 20 to 40%, and a mean molecular
weight ranging from 30,000 g/mol to 90,000 g/mol. Most preferably, the film comprises an
alginate composition having a mean guluronate (G) content of from 65 to 75%, a mean
maluronate (M) content of from 25 to 35%, and a mean molecular weight ranging from
30,000 g/mol to 90,000 g/mol. Without wishing to be bound by any particular theory, it is
believed that it is a combination of both (a) the particular mean relative proportions of
maluronate and guluronate in the alginate composition and (b) the particular mean molecular
weight of the alginate composition that endow the film with its desirable bioadhesive

properties.

The alginate salt of a monovalent cation or the mixture of alginate salts containing at
least one alginate salt of a monovalent cation may be the sole film-forming agent present in
the film. Alternatively, the film may comprise one or more further film-forming agents in
addition to the alginate salt of a monovalent cation or the mixture of alginate salts containing

at least one alginate salt of a monovalent cation.

It is preferred that the film comprises Protanal® LFR 5/60 or Protanal® LF 10/60 (both
commercially available sodium alginate products from FMC BioPolymer) as the alginate salt.
Protonal® LFR 5/60 is a low molecular weight and low viscosity sodium alginate extracted
from the stem of Laminaria hyperborean. Protanal® LF 10/60 is a sodium alginate having a
G/M % ratio of 65-75/25-35 and a viscosity of from 20-70 mPas as measured on a 1%
aqueous solution thereof at a temperature of 20 °C with a Brookfield LVF viscometer, using
a spindle No. 2 at a shear rate of 20 rppm. Protanal® LF 10/60 has both a higher mean
molecular weight and a higher viscosity than Protanal® LFR 5/60.

Without wishing to be bound by any particular theory, a film comprising a higher
viscosity alginate salt is believed to have a longer residence time (i.e. dissolving time) after
application to the oral cavity via adhesion to a mucous membrane of said cavity than a film
comprising a lower viscosity alginate salt of a similar thickness. It is contemplated that the
viscosity of the alginate composition within the film may be adjusted by mixing any number
of alginates having different viscosities. Typically, a film of about 1 mm thickness
comprising Protanal® LFR 5/60 as the sole alginate component has a residence time of

approximately 3-10 minutes after adhesion to a mucous membrane of the oral cavity. In

13



WO 2019/224323 PCT/EP2019/063376

contrast, a film of about 1 mm thickness comprising Protanal® LF 10/60 as the sole alginate
component has a residence time of approximately 30 minutes after adhesion to a mucous

membrane of the oral cavity.

Therefore, if a long residence time of the film within the oral cavity is desired, it is
generally preferred that the film comprises Protanal® LF 10/60 as the alginate salt. However,
compared to films comprising Protanal® LFR 5/60 as the alginate salt, films comprising
Protanal® LF 10/60 as the alginate salt typically exhibit inferior adhesion properties when
applied to a mucous membrane of the oral cavity. More generally, it is believed that film-
forming agents having longer average chain lengths exhibit poorer adhesion to mucosa than
film-forming agents having shorter average chain lengths. Without wishing to be bound by
any particular theory, it is believed that better mucoadhesion of a film to the mucous
membrane of the oral cavity enables a more efficient delivery of any active ingredients
contained within the film to their site of action. Therefore, if a long residence time of the
film within the oral cavity is not particularly necessary, it may be preferable to use Protanal®

LFR 5/60 as the alginate salt.

It is particularly preferred that the film comprises Protanal® LFR 5/60 as the alginate

salt.

The film may also comprise a film-forming agent other than the alginate salt of a
monovalent cation or the mixture of alginate salts containing at least one alginate salt of a
monovalent cation. Such other film-forming agents include agents such as poly(vinyl
pyrrolidone) (PVP), hydroxypropylmethylcellulose (HPMC), pullulan, and so forth.
However, if any other film-forming agent is present in the film in addition to the alginate salt
of a monovalent cation or the mixture of alginate salts containing at least one alginate salt of
a monovalent cation, then typically the alginate salt of a monovalent cation or the mixture of
alginate salts containing at least one alginate salt of a monovalent cation will be present in the
film in excess over any other film-forming agent present. Preferably, the ratio (by weight) of
the alginate salt of a monovalent cation or the mixture of alginate salts containing at least one
alginate salt of a monovalent cation present in the film to the combined total of all other film-
forming agents (such as PVP, HPMC and/or pullulan) present in the film is 1:1 or greater, or
2:1 or greater, or 3:1 or greater, or 4:1 or greater, or 5:1 or greater, or 10:1 or greater, or 20:1
or greater, or 50:1 or greater, or 100:1 or greater, or 500:1 or greater, or 1000:1 or greater, or

10000:1 or greater. Preferably, the alginate salt of a monovalent cation or the mixture of
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alginate salts containing at least one alginate salt of a monovalent cation will constitute at
least 50% by weight of the total of the film-forming agents present in the film, more
preferably at least 60% by weight, at least 70% by weight, at least 80% by weight, at least
90% by weight, at least 95% by weight, at least 98% by weight, at least 99% by weight, at
least 99.5% by weight, at least 99.9% by weight, at least 99.95% by weight, or at least
99.99% by weight of the total of the film-forming agents present in the film.

Preferably, the alginate salt of a monovalent cation or the mixture of alginate salts
containing at least one alginate salt of a monovalent cation is substantially the only film-
forming agent present in the film. More preferably, the alginate salt of a monovalent cation
or the mixture of alginate salts containing at least one alginate salt of a monovalent cation is
the only film-forming agent present in the film. Alternatively, the film preferably does not
comprise any, or substantially any, poly(vinyl pyrrolidone). Alternatively, the film
preferably does not comprise any, or substantially any, pullulan. Alternatively, the film

preferably does not comprise any, or substantially any, hydroxypropylmethylcellulose.

As used herein, a reference to a film that does not comprise “substantially any” of a
specified component refers to a film that may contain trace amounts of the specified
component, provided that the specified component does not materially affect the essential
characteristics of the film. Typically, therefore, a film that does not comprise substantially
any of a specified component contains less than 5 wt% of the specified component,
preferably less than 1 wt% of the specified component, most preferably less than 0.1 wt% of

the specified component.

It is a finding of the present invention that the use of an alginate salt of a monovalent
cation or a mixture of alginate salts containing at least one alginate salt of a monovalent
cation as the film-forming agent has benefits over the use of alternative film-forming agents,
such as PVP, HPMC and/or pullulan. In particular, the use of alginate as the primary film-
forming agent ensures that the films of the present invention have superior adhesive
properties over films comprising primarily other film-forming agents such as PVP, HPMC or
pullulan. The films of the present invention are bioadhesive; that is to say that the films of
the present invention can firmly adhere to a moist surface (i.e. mucosa) in the oral cavity of a
mammal subject before it has fully dissolved. Films in which alginate is not the primary
film-forming agent do not generally have this desirable property. A further advantageous

finding of the present invention is that the choice of alginate as the primary film-forming
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agent enables therapeutically effective doses of an active pharmaceutical ingredient (e.g.,
adrenaline) to be loaded into the films whilst retaining homogeneity and other desirable

physical properties of the films.

Without wishing to be bound by any particular theory, it is believed that one of the
reasons that alginate is a preferable film-forming agent to, e.g., PVP, HPMC and pullulan, is
that the negatively charged alginate salt may act as a counterion to a positively charged amine
salt of the compound of Formula (I) (i.e. the API), thus producing a solid, amorphous
dispersion during the film manufacture (i.e. enabling the production of clear film with

desirable physical characteristics).

Typically, the film comprises from 25% to 99% by weight of the alginate salt of a
monovalent cation or the mixture of alginate salts containing at least one alginate salt of a
monovalent cation, preferably from 27% to 95% by weight, more preferably from 29% to
93% by weight, still more preferably from 30% to 91% by weight, and most preferably from
35% to 90% by weight.

The film according to the present invention may also contain a residual water content.
Typically, the film comprises from 0% to 20% by weight of residual water. More typically,
the film comprises from 5% to 15% by weight of residual water. Preferably, the film
comprises from 9% to 11% by weight of residual water. Most preferably, the film comprises

about 10% by weight of residual water.

The film according to the present invention also comprises an active pharmaceutical
ingredient (API) which is a compound of Formula (I) or a pharmaceutically acceptable salt

thereof

wherein:
X is selected from hydrogen and OH;
R! is selected from hydrogen, OH and CH,OH;
R? and R* are independently selected from hydrogen and OH;
R* is selected from hydrogen and methyl; and
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R’ is selected from hydrogen and Ci- alkyl.
Thus, R? is selected from hydrogen and OH. R? is selected from hydrogen and OH.

Preferably, in the compound of Formula (I), X is OH. Preferably, in the compound of
Formula (I), R! is OH. Preferably, in the compound of Formula (I), R?is OH. Preferably, in
the compound of Formula (I), R? is hydrogen. Preferably, in the compound of Formula (I),
R*is hydrogen. Preferably, in the compound of Formula (I), R’ is hydrogen or methyl, and is
more preferably methyl.

Preferably, the compound of Formula (I) is selected from the group consisting of
adrenaline, noradrenaline, ephedrine, pseudoephedrine, amphetamine, salbutamol,

terbutaline, orciprenaline, isoprenaline and tyramine.

More preferably, the compound of Formula (I) is adrenaline. The structure of

adrenaline is provided below as Formula (III).

OH H
HO (111)

The compounds of Formula (I) may contain one or more stereogenic centres. For
example, when substituent X in Formula (I) is OH, the carbon atom to which X is bonded is a
stereogenic centre. Similarly, when substituent R* in Formula (I) is methyl, the carbon atom
to which R*is bonded is a stereogenic centre. Certain compounds of Formula (I) may
therefore be isolated in optically active or racemic forms. It is well-known in the art how to
prepare optically active forms, such as by resolution of materials. For the avoidance of
doubt, Formula (I) encompasses all enantiomeric, diastereomeric, and racemic forms of the
compounds thereof, as well as all mixtures of enantiomers and diastereomers of the

compounds thereof.

Thus, for example, when the compound of Formula (I) is adrenaline, this means that
the compound of Formula (I) may be (+)-adrenaline, (—)-adrenaline, or a mixture of (+)-

adrenaline and (—)-adrenaline.

Most preferably, the compound of Formula (I) is (—)-adrenaline. The structure of (—)-

adrenaline is provided below as Formula (IV).
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OH
HO (Iv)

Adrenaline may also be referred to as epinephrine. For the avoidance of doubt, as
used herein, the terms “adrenaline” and “epinephrine” are interchangeable. (—)-Adrenaline
may also be referred to as (—)-epinephrine, L-adrenaline, I.-epinephrine, L-(—)-adrenaline, L-
(—)-epinephrine or (R)-(—)-3,4-Dihydroxy-a-(methylaminomethyl)benzyl alcohol. For the

avoidance of doubt, as used herein, these terms are therefore interchangeable.

The API may be a pharmaceutically acceptable polymorph, co-crystal, hydrate or
solvate of the compound of Formula (I) or pharmaceutically acceptable salt thereof,
preferably a pharmaceutically acceptable polymorph, co-crystal, hydrate or solvate of
adrenaline or a pharmaceutically acceptable salt thereof, more preferably a pharmaceutically
acceptable polymorph, co-crystal, hydrate or solvate of (—)-adrenaline or a pharmaceutically

acceptable salt thereof.

Alternatively, the API may be a prodrug of a compound of Formula (I) or a
pharmaceutically acceptable salt thereof, preferably a prodrug of adrenaline, more preferably
a prodrug of (—)-adrenaline. The term “prodrug” of a compound of Formula (I), as used
herein, refers to any compound or pharmaceutically acceptable salt thereof which, after
administration to the human body, may be metabolised in vivo to a compound of Formula (I).
Typical prodrugs include acyl, ester, alkoxycarbonyl and carbamate derivatives of the

compound of Formula (I). For example, prodrugs of adrenaline include dipivefrine.

Thus, the API may be a compound of Formula (V)
OR® II{d
R30:©)\/N\
RPO
V)

wherein:

R?, R® and R¢ are independently hydrogen or a bio-labile linker, such as acyl,
alkoxycarbonyl, carbamate, phosphate, diphosphate, or triphosphate; and
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RY is hydrogen or a bio-labile linker, such as acyl, alkoxycarbonyl or carbamate;

provided that not all of R?, R®, R° and R? are hydrogen.

Thus, R* is hydrogen or a bio-labile linker, such as acyl, alkoxycarbonyl, carbamate,
phosphate, diphosphate, or triphosphate. R® is hydrogen or a bio-labile linker, such as acyl,
alkoxycarbonyl, carbamate, phosphate, diphosphate, or triphosphate. R is hydrogen or a bio-
labile linker, such as acyl, alkoxycarbonyl, carbamate, phosphate, diphosphate, or

triphosphate.
Preferably, when the API is a compound of Formula (V), R¢ and R? are hydrogen.

Typically, the API is a pharmaceutically acceptable salt of the compound of Formula
(I). Typically, the pharmaceutically acceptable salt of the compound of Formula (I) is
selected from the group consisting of acetate, propionate, isobutyrate, benzoate, succinate,
suberate, tartrate, citrate, fumarate, malonate, maleate, adipate, di-mesylate, sulfate,
benzenesulfonate, nitrate, carbonate, hydrochloride, hydrobromide, phosphate, aluminium,
ammonium, calcium, copper, ferric, ferrous, lithium, magnesium, manganic, manganous,
potassium, sodium, zinc, arginine, betaine, caffeine, choline, N,N'- dibenzylethylenediamine,
diethylamine, 2-diethylaminoethanol, 2-dimethylaminoethanol, ethanolamine,
ethylenediamine, N-ethylmorpholine, N-ethylpiperidine, glucamine, glucosamine, histidine,
hydrabamine, isopropylamine, lysine, methylglucamine, morpholine, piperazine, piperidine,
polyamine resins, procaine, purines, theobromine, triethylamine, trimethylamine,
tripropylamine and tromethamine salts of the compound of Formula (I). Preferred salt forms
of the compound of Formula (I) include acetate, propionate, isobutyrate, benzoate, succinate,
suberate, tartrate, citrate, fumarate, malonate, maleate, adipate, di-mesylate, sulfate,
benzenesulfonate, nitrate, carbonate, hydrochloride, hydrobromide, and phosphate salts of the
compound of Formula (I). More preferred salt forms of the compound of Formula (I) include
tartaric acid salts, dicarboxylic acid salts, hydrochloric acid salts, phosphoric acid salts,

sulfuric acid salts or benzenesulfonic acid salts of the compound of Formula (I).

As defined herein, the term “compound of Formula (I)” refers to the form of the
compound of Formula (I) in which the molecules are present in neutral (i.e. unionized) form.
The term “pharmaceutically acceptable salt of the compound of Formula (I)” refers to any
salt of the compound of Formula (I). For example, when the compound of Formula (I) is
adrenaline, the term “pharmaceutically acceptable salt of adrenaline” refers to any salt of

adrenaline in which the secondary amine group of adrenaline is protonated, or in which one
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or both of the hydroxyl (phenolic) groups in adrenaline are deprotonated. Preferably, the
term “pharmaceutically acceptable salt of adrenaline” refers to any salt of adrenaline in which

the secondary amine group is protonated.

Typically, the API is a pharmaceutically acceptable salt of adrenaline selected from
the group consisting of acetate, propionate, isobutyrate, benzoate, succinate, suberate,
tartrate, citrate, fumarate, malonate, maleate, adipate, di-mesylate, sulfate, benzenesulfonate,
nitrate, carbonate, hydrochloride, hydrobromide, and phosphate salts of adrenaline.
Preferred salt forms of adrenaline include dicarboxylic acid salts, hydrochloric acid salts,
phosphoric acid salts, sulfuric acid salts, benzenesulfonic acid salts or tartaric acid salts of
adrenaline. More preferably, the pharmaceutically acceptable salt of adrenaline is a
dicarboxylic acid salt or tartaric acid salt of adrenaline, most preferably a tartaric acid salt of

adrenaline.

Typically, the API is a pharmaceutically acceptable salt of (—)-adrenaline selected
from the group consisting of acetate, propionate, isobutyrate, benzoate, succinate, suberate,
tartrate, citrate, fumarate, malonate, maleate, adipate, di-mesylate, sulfate, benzenesulfonate,
nitrate, carbonate, hydrochloride, hydrobromide, and phosphate salts of (—)-adrenaline.
Preferred salt forms of (—)-adrenaline include dicarboxylic acid salts, hydrochloric acid salts,
phosphoric acid salts, sulfuric acid salts, benzenesulfonic acid salts or tartaric acid salts of
(—)-adrenaline. More preferably, the pharmaceutically acceptable salt of (—)-adrenaline is a
dicarboxylic acid salt or tartaric acid salt of (—)-adrenaline, most preferably a tartaric acid salt

of (—)-adrenaline.

Typically, the API is a pharmaceutically acceptable salt of a racemic mixture of (—)-
adrenaline and (+)-adrenaline selected from the group consisting of acetate, propionate,
isobutyrate, benzoate, succinate, suberate, tartrate, citrate, fumarate, malonate, maleate,
adipate, di-mesylate, sulfate, benzenesulfonate, nitrate, carbonate, hydrochloride,
hydrobromide, and phosphate salts of a racemic mixture of (—)-adrenaline and (+)-adrenaline.
Preferred salt forms of the racemic mixture of (—)-adrenaline and (+)-adrenaline include
dicarboxylic acid salts, hydrochloric acid salts, phosphoric acid salts, sulfuric acid salts,
benzenesulfonic acid salts or tartaric acid salts of the racemic mixture of (—)-adrenaline and
(+)-adrenaline. More preferably, the pharmaceutically acceptable salt of the racemic mixture

of (—)-adrenaline and (+)-adrenaline is a dicarboxylic acid salt or tartaric acid salt of the
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racemic mixture of (—)-adrenaline and (+)-adrenaline, most preferably a tartaric acid salt of

the racemic mixture of (—)-adrenaline and (+)-adrenaline.

The API may be present within the film in varying amounts. Typically, the film
comprises from 0.001% to 75% by weight of the API, preferably from 0.01% to 60% by
weight of the API, more preferably from 0.15% to 50% by weight of the API, still more
preferably from 0.2% to 45% by weight of the API and most preferably from 0.25% to 40%
by weight of the API.

Typically, the compound of Formula (I) or pharmaceutically acceptable salt thereof is
the only API present in the film. However, the film may alternatively comprise one or more
further active pharmaceutical ingredients in addition to the compound of Formula (I) or

pharmaceutically acceptable salt thereof.

Preferably, the film comprises from 25% to 99% by weight of the alginate salt of a
monovalent cation or the mixture of alginate salts containing at least one alginate salt of a
monovalent cation, from 0% to 20% by weight of water, and from 0.001% to 75% by weight
of the API. More preferably, the film comprises from 29% to 93% by weight of the alginate
salt of a monovalent cation or the mixture of alginate salts containing at least one alginate salt
of a monovalent cation, from 5% to 15% by weight of water, and from 0.15% to 50% by
weight of the API. Even more preferably, the film comprises from 30% to 91% by weight of
the alginate salt of a monovalent cation or the mixture of alginate salts containing at least one
alginate salt of a monovalent cation, from 9% to 11% by weight of water, and from 0.2% to

45% by weight of the APL

A film according to the present invention may optionally further comprise other
components in addition to the API, water and the film-forming agent. Typically, a film
according to the present invention further comprises one or more of the following:

1) at least one antioxidant;

(i1) at least one pharmaceutically acceptable solvent;

(iii)  at least one buffering component;

(iv)  at least one excipient, such as one or more plasticizers, fillers, taste-masking

agents or flavouring agents;

(v) at least one acidifying agent or basifying agent;

(vi)  atleast one permeation enhancer;
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(vii)  aself-emulsifying drug delivery system (SEDDS), such as a self-
microemulsifying drug delivery system (SMEDDS) or a self-nanoemulsifying
drug delivery system (SNEDDS);

(viii) at least one chelating agent;

(ix)  atleast one antimicrobial agent; and

(x) at least one inorganic salt.

The film may additionally comprise any suitable antioxidant. An “antioxidant”, as
defined herein, is any compound that inhibits the oxidation of other chemical species.
Examples of suitable antioxidants include, but are not limited to: ascorbic acid; citric acid;
sodium bisulfite; sodium metabisulfite; ethylenediaminetetraacetic acid (EDTA); butyl
hydroxitoluene; and combinations thereof. Preferably, the antioxidant, if present, is ascorbic
acid, sodium bisulfite, sodium metabisulfite, EDTA or a combination thereof. Thus,
typically, at least one antioxidant is present in the films of the present invention. Preferably,
the film comprises at least two antioxidants. More preferably, the film comprises at least
three antioxidants. Most preferably, said antioxidants are selected from ascorbic acid, citric

acid, sodium bisulfite, sodium metabisulfite, EDTA and butyl hydroxytoluene.

More preferably, the antioxidant, if present, is ascorbic acid. Yet more preferably,
both ascorbic acid and sodium bisulfite are present as antioxidants. Alternatively, both
ascorbic acid and sodium metabisulfite are present as antioxidants. Even more preferably, all
of ascorbic acid, sodium bisulfite and EDTA are present as antioxidants. Alternatively, all of

ascorbic acid, sodium metabisulfite and EDTA are present as antioxidants.

Thus, in a particularly preferred film of the present invention, the film comprises (1)
ascorbic acid and (ii) sodium bisulfite or sodium metabisulfite. Alternatively, the film may
comprise (1) ascorbic acid and (ii) EDTA. Alternatively, the film may comprise (i) sodium
bisulfite or sodium metabisulfite and (i) EDTA. In even more preferred films of the present

invention, the films comprises (i) ascorbic acid, (ii) sodium bisulfite or sodium metabisulfite,

and (iii) EDTA.

The film may comprise from 0.01% to 10% by weight of each antioxidant present.
Preferably, the film may comprise from 0.1% to 8% by weight of each antioxidant present,
more preferably from 0.25% to 6% by weight of each antioxidant present, and yet more

preferably from 0.5% to 5% by weight of each antioxidant present. The ratio of total
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antioxidants present in the film to API present in the film (by weight) is typically from 0.01:1
to 10:1, preferably from 0.05:1 to 10:1, more preferably from 0.1:1 to 10:1, yet more
preferably from 0.25:1 to 10:1, still more preferably from 0.5:1 to 10:1, even more preferably
from 1:1 to 3:1, and most preferably about 2:1. The ratio of total antioxidants present in the
film to API present in the film (by molar amounts) is typically from 0.01:1 to 5:1, preferably
from 0.02:1 to 2:1, more preferably from 0.03:1 to 1:1, yet more preferably from 0.05:1 to
0.5:1, even more preferably from 0.08:1 to 0.3:1, and most preferably from 0.1:1 to 0.2:1.

If ascorbic acid is present as an antioxidant, typically it is present in a molar amount
of from 0.0005 to 0.5 per mole of API present in the film, preferably of from 0.001 to 0.1,
more preferably of from 0.005 to 0.05, yet more preferably of from 0.008 to 0.02, and most
preferably of 0.01 or less.

If sodium bisulfite or sodium metabisulfite is present as an antioxidant, typically it is
present in a molar amount of from 0.001 to 1.0 per mole of API present in the film,
preferably of from 0.005 to 0.5, more preferably of from 0.01 to 0.2, yet more preferably of
from 0.025 to 0.1, and most preferably of about 0.05.

If EDTA is present as an antioxidant, typically it is present in a molar amount of from
0.001 to 1.0 per mole of API present in the film, preferably of from 0.005 to 0.5, more
preferably of from 0.01 to 0.3, yet more preferably of from 0.02 to 0.2, and most preferably
of 0.03 or greater. If EDTA is present as an antioxidant, typically it is present in the film in
an amount by weight of from 0.01% to 5%, preferably from 0.03% to 1%, more preferably
from 0.06% to 0.5%, and most preferably from 0.12% to 0.25%.

The film may additionally comprise any pharmaceutically acceptable solvent. Such a
solvent may be a non-aqueous solvent, or a combination of water and a non-aqueous solvent.
Examples of non-aqueous solvents should be non-toxic and include, but are not limited to,
ethanol, acetone, benzyl alcohol, diethylene glycol monoethyl ether, glycerine, hexylene
glycol, isopropyl alcohol, polyethylene glycols, methoxypolyethylene glycols, diethyl
sebacate, dimethyl isosorbide, propylene carbonate, dimethyl sulfoxide, transcutol, triacetin,
fatty acid esters, and oils such as soybean oil, peanut oil, olive oil, palm oil, rapeseed oil, corn

oil, coconut oil, other vegetable oils and the like.

The film may additionally comprise any suitable buffering component. A “buffering
component”, as defined herein, refers to any chemical entity, which when dissolved in

solution, enables said solution to resist changes in its pH following the subsequent addition of
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either an acid or a base. A suitable buffering component for use in the film of the present
invention would be a buffering component which is an effective buffer within a pH range of
from 3.0 to 5.5. Preferably, said buffering component is an effective buffer within a pH
range of from 3.8 to 5.5. Examples of suitable buffering components include, but are not
limited to: phosphates, sulfates, citrates and acetates. The buffer may be a salt of a
monovalent cation, such as sodium, potassium or ammonium salts. Particularly preferred
buffering components include citric acid and sodium dihydrogen phosphate. Without
wishing to be bound by any particular theory, it is believed that adrenaline has a low stability
towards oxidation at a pH of greater than 5.5. Further, without wishing to be bound by any
particular theory, it is believed that alginate tends to gel at a pH of less than 3.8.

The film may comprise from 0.1% to 10% by weight of the buffering component,
typically 0.2% to 8% by weight, typically from 0.3% to 6% by weight, typically from 0.5% to

5% by weight. Alternatively, the film may not additionally comprise a buffering component.

The film may additionally comprise any suitable excipient, such as one or more fillers
or plasticizers. The film may comprise both a plasticizer and a filler. Alternatively, the film
may comprise just one of a plasticizer or a filler. It is preferred that the film comprises a
plasticizer. Under some circumstances it may be desirable that the film does not comprise a
filler. It is particularly preferred that the film comprises a plasticizer but does not comprise a
filler. The film may additionally include a taste-masking agent or a flavouring agent. The

taste-masking agent may be a sweetener.

The plasticizer, when present, may be selected from the group consisting of
polyethylene glycol, glycerol, sorbitol, xylitol, and a combination thereof. Typically, the film
comprises a plasticizer which is selected from the group consisting of glycerol, sorbitol,
xylitol, and a combination thereof. Preferably, the film comprises a plasticizer which is
selected from the group consisting of glycerol, sorbitol, and a combination thereof. More
preferably, the film comprises both glycerol and sorbitol as plasticizers. Most preferably, the
film comprises glycerol, sorbitol and xylitol. The film may comprise from 0% to 40% by
weight of each plasticizer present, preferably from 1% to 35% by weight of each plasticizer,
more preferably from 2% to 30% by weight of each plasticizer, and most preferably from 3%
to 25% by weight of each plasticizer. Without wishing to be bound by any particular theory,

it is believed that the addition of plasticizers, e.g. a combination of glycerol, sorbitol and
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xylitol, increases the flexibility and pliability of the films, reducing brittleness. It is believed

this makes the films easier to handle and use.

The filler, when present, may be e.g. microcrystalline cellulose or titanium dioxide.
A suitable amount of filler may be from 0% to 20% by weight, e.g. from 0.1% to 10% by

weight, of the total pharmaceutical composition.

The flavouring agent, when present, may for example be selected from the group
consisting of acacia, anise oil, caraway oil, cardamom, cherry syrup, cinnamon, citric acid
syrup, clove oil, cocoa, coriander oil, ethyl vanillin, fennel oil, ginger, glycerine, glycyrrhiza,
honey, lavender oil, lemon oil, mannitol, nutmeg oil, orange oil, orange flower water,
peppermint oil, raspberry, rose oil, rosewater, rosemary oil, sarsaparilla syrup, spearmint oil,
thyme oil, tolu balsam syrup, vanilla, wild cherry syrup, and mixtures thereof. The film may
comprise from 0.001% to 10% by weight of each flavouring agent present, preferably from
0.01% to 5% by weight of each flavouring agent, and most preferably from 0.1% to 3% by

weight of each flavouring agent.

The film may additionally comprise an acidifying agent or a basifying agent. An
“acidifying agent”, as defined herein, refers to a chemical compound that alone or in
combination with other compounds can be used to acidify a pharmaceutical composition. A
“basifying agent”, as defined herein, refers to a chemical compound that alone or in

combination with other compounds can be used to basify a pharmaceutical composition.

Typically, the film comprises an basifying agent. Typically, the basifying agent is an
alkali. Examples of suitable basifying agents include, but are not limited to: sodium
hydroxide, lithium hydroxide, potassium hydroxide, magnesium hydroxide, and calcium
hydroxide. A preferable basifying agent is sodium hydroxide. Alternatively, the film may
comprise an acidifying agent. Examples of suitable acidifying agents include, but are not
limited to: acetic acid, dehydro acetic acid, ascorbic acid, benzoic acid, boric acid, citric acid,
edetic acid, hydrochloric acid, isostearic acid, lactic acid, nitric acid, oleic acid, phosphoric
acid, sorbic acid, stearic acid, sulfuric acid, tartaric acid, and undecylenic acid. A preferable

acidifying agent is phosphoric acid.

A film according to the present invention is produced via the drying of a film-forming
solution (vide infra). Typically, a sufficient amount of acidifying agent or basifying agent is
added to adjust the pH of the film-forming solution (before this is dried to form the film) to a
pH of from 3.0 to 5.5, preferably to a pH of from 3.8 to 5.5.
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The film may additionally comprise any suitable permeation enhancer. A
“permeation enhancer”, as defined herein, refers to a chemical compound that alone or in
combination with other compounds can be used to aid the uptake of a further substance
across an epithelium or other biological membrane. In particular, the term “permeation
enhancer” is used herein to refer to a chemical compound that alone or in combination with
other compounds can be used to aid the uptake of a further substance across the buccal
mucosa. Permeation enhancers can typically be divided into two different categories,
paracellular (para) or transcellular (trans) permeability enhancers, according to their
mechanism of action. Paracellular permeation enhancers are those which aid the uptake of a
further substance through the intercellular space between the cells in an epithelium or other
biological membrane. Transcellular permeation enhancers are those which aid the uptake of
a further substance through the cells in an epithelium or other biological membrane, wherein
the further substance passes through both the apical and basolateral cell membranes in the

epithelium or other biological membrane.

Typically, the film may comprise one or more paracellular permeation enhancers.
Alternatively, the film may comprise one or more transcellular permeation enhancers.
Alternatively, the film may comprise at least one paracellular permeation enhancer and at

least one transcellular permeation enhancer.

Typically, the permeation enhancer, if present, is one or more compounds selected
from the group consisting of: non-ionic, cationic, anionic or zwitterionic surfactants (e.g.
caprylocaproyl polyoxyl-8 glyceride, sodium lauryl sulfate, cetyltrimetyl ammonium
bromide, decyldimethyl ammonio propane sulfonate); bile salts (e.g. sodium deoxycholate);
fatty acids (e.g. hexanoic acid, hetptanoic acid, oleic acid); fatty amines; fatty ureas; fatty
acid esters (e.g. methyl laurate, methyl palmitate); substituted or unsubsituted nitrogen-
containing heterocyclic compounds (e.g. methyl pyrrolidone, methyl piperazine, azone);
terpenes (e.g. limonene, fenchone, menthone, cineole); sulfoxides (e.g. dimethylsulfoxide,
DMSO); ethylenediaminetetraacetic acid (EDTA); and combinations thereof. Preferably, the
permeation enhancer, if present, is selected from the group consisting of EDTA, oleic acid,

and combinations thereof.

Typically, the film may comprise EDTA. Without wishing to be bound by any
particular theory, EDTA is believed to act as a paracellular permeation enhancer by

transiently affecting tight junctions interconnecting membrane cells, and subsequently
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increasing paracellular or pore transport. EDTA is also believed to act as a transcellular
permeation enhancer by interaction with phospholipid headgroups and increasing membrane
fluidity [5]. Alternatively, the film may comprise oleic acid. Without wishing to be bound
by any particular theory, oleic acid is believed to act as a transcellular permeation enhancer
by interacting with the polar head groups of phospholipids in or on cell membranes, and
increasing cell membrane flexibility, thereby promoting transcellular drug permeability.
Oleic acid has been shown to demonstrate enhanced permeability with porcine buccal

epithelium at a concentration of 1-10% [6].

The film may additionally comprise a self-emulsifying drug delivery system (SEDDS)
or resulting emulsion thereof. Such a system may preferably be a self-microemulsifying drug
delivery system (SMEDDS) or resulting emulsion thereof or a self-nanoemulsifying drug
delivery system (SNEDDS) or resulting emulsion thereof. Self-microemulsifying drug
delivery systems are microemulsion preconcentrates or anhydrous forms of microemulsion.
Self-nanoemulsifying drug delivery systems are nanoemulsion preconcentrates or anhydrous
forms of nanoemulsion. These systems are typically anhydrous isotropic mixtures of oil (e.g.
tri-, di- or mono- glycerides or mixtures thereof) and at least one surfactant (e.g. Span®,
Tween®), which, when introduced into aqueous phase under conditions of gentle agitation,
spontaneously form an oil-in-water (O/W) microemulsion or nanoemulsion (respectively).
SNEDDS systems typically form an emulsion with a globule size less than 200 nm [7].
SEDDS (e.g. SMEDDS or SNEDDS) may also contain coemulsifier or cosurfactant and/or
solubilizer in order to facilitate emulsification (e.g. micoremulsification or
nanoemulsification) or improve the drug incorporation into the SEDDS (e.g. SMEDDS or
SNEDDS). Typically, the SEDDS (e.g. SMEDDS or SNEDDS) components is selected from
the group consisting of: a mixture of Tween® with one or more glycerides and a hydrophilic
cosolvent; a mixture of Tween® with a low HLB cosurfactant and a hydrophilic cosolvent; a
mixture of a polyethyleneglycol (PEG), Labrasol and Chremophore EL; a mixture of
polyethyleneglycol (PEG), Labrasol and Kolliphore EL; and a mixture of polyethyleneglycol
(PEG), Labrasol, Chremophore EL and Chremophore RH40. The PEG may be any suitable
polyethyleneglycol such as PEG with an average molecular weight of from 100 to >1000 Da,
preferably from 200 to 800 Da, more preferably from 300 to 600 Da, and most preferably
about 400.

The term “glyceride”, as defined herein, refers to any ester formed between glycerol

and one or more fatty acids. The term “glyceride” may be used interchangeably with the
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term “acylglycerol”. Typically, the glyceride is a monoglyceride, a diglyceride or a
triglyceride. Preferably, the glyceride is a triglyceride. Typically, the glyceride is a simple
glyceride. The term “simple glyceride” refers to a diglyceride in which the two fatty acids
are the same as one another, or a triglyceride in which the three fatty acids are the same as
one another. Alternatively, the glyceride is a mixed glyceride. The term “mixed glyceride”
refers to a diglyceride in which the two fatty acids are different one another, or a triglyceride
in which either one of the three fatty acids is different to the other two, or all three of the fatty
acids are different to one another. Therefore, the glyceride is typically a monoglyceride, a
simple diglyceride, a simple triglyceride, a mixed diglyceride, or a mixed triglyceride.

Preferably, the glyceride is a simple triglyceride or a mixed triglyceride.

A “hydrophilic cosolvent”, as defined herein, is any solvent that is miscible with
water. Examples of suitable hydrophilic cosolvents include, but are not limited to: glycerol,

ethanol, 2-(2-ethoxyethoxyethanol), PEG-400 and propylene glycol.

The term “low HLB cosurfactant”, as defined herein, refers to any lipid falling within
class IIIA, IIIB or IV of the lipid formulation classification system described by C.W. Pouton

[8], the contents of which are herein incorporated by reference in their entirety.

Typically, the film may additionally comprise any suitable chelating agent. A
chelating agent may be added to the film to act as a preservative. A ‘“chelating agent”, as
defined herein, refers to a chemical compound that is a multidentate ligand that is capable of
forming two or more separate bonds to a single central atom, typically a metal ion. Examples
of suitable chelating agents include, but are not limited to: ethylenediaminetetraacetic acid
(EDTA), ethylene glycol-bis(B-aminoethyl ether)-N,N,N',N'-tetraacetic acid (EGTA), 1,2-
bis(ortho-aminophenoxy)ethane-N,N,N',N -tetraacetic acid (BAPTA), citric acid, phosphonic
acid, glutamic acid, histidine, malate, and derivatives thereof. Preferably, the chelating agent,
if present, is ethylenediaminetetraacetic acid (EDTA). The film may comprise from 0.001%
to 4% by weight of each chelating agent present. Preferably, the film may comprise from

0.001% to 0.1% by weight of each chelating agent present.

Typically, the film may additionally comprise any suitable antimicrobial agent. An
“antimicrobial agent”, as defined herein, is any compound that kills microorganisms or
prevents their growth. Examples of suitable antimicrobial agents include, but are not limited
to: benzyl alcohol; benzalkonium chloride; benzoic acid; methyl-, ethyl- or propyl- paraben;

and quarternary ammonium compounds. The film may comprise from 0.001% to 4% by
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weight of each antimicrobial agent present. Preferably, the film may comprise from 0.001%

to 0.1% by weight of each antimicrobial agent present.

EDTA may therefore be present in a film according to the present invention as an
antioxidant, as a permeation enhancer or as a chelating agent. Typically, if EDTA is present,
the EDTA acts as all of an antioxidant, a permeation enhancer and a chelating agent.
Alternatively, if EDTA is present, the EDTA may act only as an antioxidant. Alternatively, if
EDTA is present, the EDTA may act only as a permeation enhancer. Alternatively, if EDTA
is present, the EDTA may act only as a chelating agent.

Optionally, the film may additionally comprise at least one inorganic salt. Said
inorganic salt may be any salt acceptable for use in the preparation of a medicament.
Examples of such salts include, but are not limited to, the halides, oxides, hydroxides,
sulfates, carbonates, phosphates, nitrates, acetates and oxamates of the alkali metals, alkaline
earth metals, aluminium, zinc and ammonium. Typically, said inorganic salt may be selected
from the group consisting of sodium chloride, potassium chloride, magnesium chloride,
calcium chloride, and ammonium chloride. Preferably, the inorganic salt is sodium chloride.
Typically, the inorganic salt is present in the film in a total concentration of at least 0.05 wt%,
preferably in a concentration of from 0.1 to 5 wt%, more preferably from 0.2 to 2 wt%, yet
more preferably from 0.25 to 1 wt%, and most preferably about 0.5 wt%. Alternatively, the
film does not comprise any inorganic salt. In such an embodiment, the film typically

comprises the neutral (i.e. unionized) form of the APIL

Typically, the film may additionally comprise at least one antioxidant, at least one
excipient, optionally at least one basifying agent or acidifying agent, optionally at least one
permeation enhancer, optionally at least one pharmaceutically acceptable solvent, optionally
at least one buffering component, and optionally a SEDDS (e.g. SMEDDS or SNEDDS). For
example, the film may comprise at least one antioxidant, at least one excipient, optionally at
least one basifying agent or acidifying agent, optionally at least one permeation enhancer, and
optionally at least one buffering component. Preferably, the film may comprise at least one
antioxidant, glycerol, sorbitol, optionally at least one basifying agent or acidifying agent,
optionally at least one permeation enhancer, and optionally at least one buffering component.
More preferably, the film may comprise at least one antioxidant, glycerol, sorbitol, and
optionally at least one basifying agent. Even more preferably, the film may comprise: an

antioxidant selected from ascorbic acid, sodium bisulfite and a combination thereof; glycerol;
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sorbitol; and optionally at least one basifying agent, preferably sodium hydroxide. Still more
preferably, the film may comprise: ascorbic acid; glycerol; sorbitol; and optionally at least
one basifying agent, preferably sodium hydroxide. Most preferably, the film may comprise:
ascorbic acid; sodium bisulfite; glycerol; sorbitol; and optionally at least one basifying agent,

preferably sodium hydroxide.

Preferably, the film according to the present invention comprises from 25% to 99% by
weight of the alginate salt of a monovalent cation or the mixture of alginate salts containing
at least one alginate salt of a monovalent cation, from 0% to 20% by weight of water, from
0.001% to 75% by weight of the API, from 0.01% to 10% by weight of at least one
antioxidant, from 0% to 40% by weight of glycerol, from 0% to 40% by weight of sorbitol,
optionally from 0% to 40% by weight of xylitol, optionally a basifying agent or an acidifying
agent, optionally from 0.01% to 5% by weight of a permeation enhancer, optionally from
0.1% to 10% by weight of a SEDDS (e.g. SMEDDS or SNEDDS), and optionally from
0.001% to 4% by weight of a chelating agent. More preferably, the film according to the
present invention comprises from 30% to 91% by weight of the alginate salt of a monovalent
cation or the mixture of alginate salts containing at least one alginate salt of a monovalent
cation, from 9% to 11% by weight of water, from 0.2% to 45% by weight of the API, from
0.01% to 10% by weight of at least one antioxidant, from 10% to 20% by weight of glycerol,
from 10% to 20% by weight of sorbitol, optionally from 10% to 20% by weight of xylitol,
and optionally a basifying agent or an acidifying agent, and wherein the ratio of total

antioxidants present in the film to API present in the film (by weight) is from 0.5:1 to 10:1.

Alternatively, the film according to the present invention consists of from 25% to
99% by weight of the alginate salt of a monovalent cation or the mixture of alginate salts
containing at least one alginate salt of a monovalent cation, from 0% to 20% by weight of
water, from 0.001% to 75% by weight of the API, from 0.1% to 10% by weight of at least
one antioxidant, from 0% to 40% by weight of glycerol, from 0% to 40% by weight of
sorbitol, optionally from 0% to 40% by weight of xylitol, optionally a basifying agent or an
acidifying agent, optionally from 0.01% to 5% by weight of a permeation enhancer,
optionally from 0.1% to 10% by weight of a SEDDS (e.g. SMEDDS or SNEDDS), and
optionally from 0.001% to 4% by weight of a chelating agent. Alternatively, the film
according to the present invention consists of from 30% to 91% by weight of the alginate salt
of a monovalent cation or the mixture of alginate salts containing at least one alginate salt of

a monovalent cation, from 9% to 11% by weight of water, from 0.2% to 45% by weight of
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the API, from 0.1% to 10% by weight of at least one antioxidant, from 10% to 20% by
weight of glycerol, from 10% to 20% by weight of sorbitol, optionally from 10% to 20% by
weight of xylitol, and optionally a basifying agent or an acidifying agent, and wherein the
ratio of total antioxidants present in the film to API present in the film (by weight) is from

0.5:1to 10:1.

A film according to the invention preferably has a thickness before drying of 200 to
2000 um, more preferably from 300 to 1750 um, even more preferably from 400 to 1500 um,
and most preferably about 1000 um.

A film according to the invention preferably has a surface area on each of its two
largest faces of from 0.1 to 20 cm?, more preferably from 0.5 to 15 cm?, even more preferably
from 1 to 10 cm* and most preferably from 2 to 6 cm?. Preferably, the surface area of each of

the two largest faces of the film is about 3 cm?.

The skilled person, having regard for the desired time of dissolution for a given
application, will be able to select a suitable film thickness and surface area by simply
preparing films of a range of different thicknesses and surface areas and testing the resultant

films to measure the dissolution time.

The mechanical properties of a film according to the invention are very satisfactory.
In particular, the film is flexible (i.e. it permits bending and folding without breaking), and
has a high tensile strength. Importantly, the film of the present invention is not a gel, since
the alginate polymer strands are not cross-linked with one another. The film of the invention
is bioadhesive; that is to say that the film comprises a natural polymeric material (alginate)
which can act as an adhesive. The film is adhesive to moist surfaces, such as mucosa. In
particular, the film is adhesive to mucosa of the oral cavity, such as mucosa in the buccal,

labial, sublingual, ginigival or lip areas, the soft palate and the hard palate.

The film according to the invention may be provided with printed text matter or

printed images thereon, e.g. a brand name, a trade mark, a dosage indication or a symbol.

Administration and uses of the films in treatment

In general, films of the present invention are administered to a human patients so as to
deliver to the patient a therapeutically effective amount of the active pharmaceutical
ingredient (API), preferably (—)-adrenaline or a pharmaceutically acceptable salt thereof,

contained therein.
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As used herein, the term “therapeutically effective amount” refers to an amount of the
API which is sufficient to reduce or ameliorate the severity, duration, progression, or onset of
a disorder being treated, prevent the advancement of a disorder being treated, cause the
regression of, prevent the recurrence, development, onset or progression of a symptom
associated with a disorder being treated, or enhance or improve the prophylactic or
therapeutic effect(s) of another therapy. The precise amount of API administered to a patient
will depend on the type and severity of the disease or condition and on the characteristics of
the patient, such as general health, age, sex, body weight and tolerance to drugs. It will also
depend on the degree, severity and type of the disorder being treated. The skilled artisan will

be able to determine appropriate dosages depending on these and other factors.

29 <

As used herein, the terms “treat”, “treatment” and “treating” refer to the reduction or
amelioration of the progression, severity and/or duration of a disorder being treated, or the
amelioration of one or more symptoms (preferably, one or more discernible symptoms) of a
disorder being treated resulting from the administration of a film according to the invention to

a patient.

Typically, a film according to the present invention is provided for use in the
treatment of a human patient. Typically, the film according to the invention is provided for
use in the treatment of a condition selected from the group consisting of anaphylaxis,
superficial bleeding, cardiac arrest, hypotension, septic shock, neurogenic shock, asthma,
narcolepsy, obesity, nasal congestion, sinus congestion, Eustachian tube congestion,
vasomotor rhinitis, allergic rhinitis, croup, sinusitis, otitis media, tracheobronchitis,
hyperemia, edema, priapism, attention deficit hyperactivity disorder (ADHD), depression,
chronic pain, bronchoconstriction, chronic obstructive pulmonary disease (COPD),

hyperkalemia, preterm labour, bradycardia, and heart block.

Typically, the compound of Formula (I) is adrenaline and the film according to the
invention is provided for use in the treatment of a condition selected from the group

consisting of anaphylaxis, superficial bleeding, and cardiac arrest.

Alternatively, the compound of Formula (I) is noradrenaline and the film according to
the invention is provided for use in the treatment of a condition selected from the group

consisting of hypotension, septic shock, and neurogenic shock.
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Alternatively, the compound of Formula (I) is ephedrine and the film according to the
invention is provided for use in the treatment of a condition selected from the group

consisting of hypotension, asthma, narcolepsy, obesity, and nasal congestion.

Alternatively, the compound of Formula (I) is pseudoephedrine and the film
according to the invention is provided for use in the treatment of a condition selected from
the group consisting of nasal congestion, sinus congestion, Eustachian tube congestion,
vasomotor rhinitis, allergic rhinitis, croup, sinusitis, otitis media, tracheobronchitis,

hyperemia, edema, and priapism.

Alternatively, the compound of Formula (I) is amphetamine and the film according to
the invention is provided for use in the treatment of a condition selected from the group
consisting of attention deficit hyperactivity disorder (ADHD), narcolepsy, obesity,

depression, and chronic pain.

Alternatively, the compound of Formula (I) is salbutamol and the film according to
the invention is provided for use in the treatment of a condition selected from the group
consisting of asthma, bronchoconstriction, chronic obstructive pulmonary disease (COPD),

and hyperkalemia.

Alternatively, the compound of Formula (I) is terbutaline and the film according to
the invention is provided for use in the treatment of a condition selected from the group

consisting of asthma, bronchoconstriction, and preterm labour.

Alternatively, the compound of Formula (I) is orciprenaline and the film according to
the invention is provided for use in the treatment of a condition selected from the group

consisting of asthma and bronchoconstriction.

Alternatively, the compound of Formula (I) is isoprenaline and the film according to
the invention is provided for use in the treatment of a condition selected from the group

consisting of bradycardia, heart block, and asthma.

Preferably, the film according to the invention is provided for use in the treatment of
anaphylaxis, superficial bleeding and/or cardiac arrest. Typically, therefore, the film
according to the invention is provided for use in the treatment of anaphylaxis. Alternatively,
the film according to the invention is provided for use in the treatment of superficial bleeding.
Alternatively, the film according to the invention is provided for use in the treatment of

cardiac arrest.
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The present invention provides a film according to the invention for use in the
treatment of anaphylaxis. The effects of anaphylaxis in a patient may be severe. The effects
of anaphylaxis may include one or more of the following: an itchy rash; throat or tongue
swelling; shortness of breath; vomiting; lightheadedness; and low blood pressure. These
symptoms typically develop over a period of minutes to hours. In the most severe cases, the

effects of anaphylaxis can cause death of the patient.

The present invention provides a film according to the invention for use in the
treatment of superficial bleeding. Superficial bleeding is caused by superficial wounds.
These are minor cuts, abrasions and punctures that affect one or both of the outer two layers

of the skin, i.e. the epidermis and the dermis.

The present invention provides a film according to the invention for use in the
treatment of cardiac arrest. Cardiac arrest is a sudden loss of blood flow resulting from the
failure of the heart to effectively pump blood. The effects of cardiac arrest are often severe.
The effects of cardiac arrest may include one or more of the following: loss of
consciousness; abnormal or absent breathing; chest pain; shortness of breath; and nausea. If

not treated within minutes, cardiac arrest often leads to death of the patient.

Therefore, the present invention provides a film according to the invention for use in
the treatment or amelioration of symptoms selected from the group consisting of: an itchy
rash; throat or tongue swelling; shortness of breath; vomiting; lightheadedness; low blood
pressure; bleeding from superficial wounds; loss of consciousness; abnormal or absent

breathing; chest pain; shortness of breath; nausea; and combinations thereof.

Typically, the patient to be treated is an adult. Alternatively, the patient to be treated
may be a child. The patient to be treated may be an elderly patient. The patient to be treated

may be a child suffering from allergies.

Typically, the film is administered to the oral cavity of the patient. The film is
preferably applied to an oral mucosa in the buccal or labial or sublingual areas or to the soft
palate. The film is typically applied by the patient themselves. Alternatively, the film is
administered to the patient by another person, e.g. a medical practitioner, a nurse, a carer, a

social worker, a colleague of the patient or a family member of the patient.

The film is bioadhesive and adheres to the surface of the oral cavity upon application.

After application, the alginate film begins to dissolve, releasing the active pharmaceutical
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ingredient. Typically, the film fully dissolves in a time period of from 0.1 to 60 minutes or
more after application to the mucosa of the oral cavity. Preferably, the film fully dissolves in
a time period of from 0.5 to 30 minutes, more preferably from 1 to 20 minutes, still more
preferably from 3 to 10 minutes, and most preferably from 3 to 5 minutes after application to

the mucosa of the oral cavity.

Without wishing to be bound by any particular theory, it is believed that as the film
dissolves within the oral cavity, the active pharmaceutical ingredient which is concomitantly
released may enter the bloodstream by one or both of two different routes: (a) via absorption
across the oral mucosa directly into the bloodstream (the “oral transmucosal route”); and (b)
via swallowing into the stomach and subsequent absorption across the epithelium of the
intestines into the bloodstream. Typically the peak plasma concentration of the API'in a
patient exceeds 1 ng/mL. This peak plasma concentration may be achieved within 120
minutes from adhesion of the film to the mucosa of the oral cavity, preferably within 60
minutes from adhesion, more preferably within 45 minutes, even more preferably within 30

minutes or 20 minutes from adhesion, and most preferably within 10 minutes from adhesion.

Typically, a single film is applied to the patient, generally to the mucosa of the oral
cavity, at a given time. However, in some cases it may be desirable to apply two films
simultaneously to achieve the correct dose for an individual patient. When the API is
adrenaline, and it is being used to treat acute anaphylaxis, the recommended dosage for adults
is between 0.6 and 3 mg adrenaline per anaphylactic episode. When the API is adrenaline,
and it is being used to treat acute anaphylaxis, the recommended dosage for infants and
children is from 0.3 to 1.5 mg adrenaline per anaphylactic episode. [1] In some cases it may
be desirable to apply more than two films simultaneously to achieve the correct dose for an

individual patient, for example, three, four, five, six, seven, eight, nine, ten or more.

The present invention also therefore provides a method of treating a condition in a
human patient, wherein said method comprises administration of at least one film according
to the invention to the oral cavity of the human patient, optionally wherein the condition to be

treated is anaphylaxis, superficial bleeding or cardiac arrest.

The present invention also provides the use of a film according to the invention for the
manufacture of a medicament for the treatment of a condition in a human patient, optionally

wherein the condition to be treated is anaphylaxis, superficial bleeding or cardiac arrest.
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The present invention also provides a product comprising one or more films according
to the invention, and packaging. Each of the films may individually be wrapped within a
pouch, or multiple films may be wrapped together within the same pouch. Optionally, said
pouch is made from PET-lined aluminium. The product may further comprise instructions
for use of the film. These instructions may contain information on the recommended
frequency or timing of use of the film by a patient, how to use remove the film from its pouch
or packaging, how to adhere the film to a mucous membrane, and where within the oral

cavity to adhere the film to a mucous membrane.

Any film or films of the present invention may also be used in combination with one
or more other drugs or pharmaceutical compositions in the treatment of disease or conditions
for which the films of the present invention and/or the other drugs or pharmaceutical

compositions may have utility.

The one or more other drugs or pharmaceutical compositions may be administered to
the patient by any one or more of the following routes: oral, systemic (e.g. transdermal,
intranasal, transmucosal or by suppository), or parenteral (e.g. intramuscular, intravenous or
subcutaneous). Compositions of the one or more other drugs or pharmaceutical compositions
can take the form of tablets, pills, capsules, semisolids, powders, sustained release
formulations, solutions, suspensions, elixirs, aerosols, transdermal patches, bioadhesive films,
or any other appropriate compositions. The choice of formulation depends on various factors
such as the mode of drug administration (e.g. for oral administration, formulations in the

form of tablets, pills or capsules are preferred) and the bioavailability of the drug substance.
Manufacture of the films

The films according to the invention may be manufactured by preparing a film-
forming solution by addition and mixing of the constituent components of the film,
distributing this solution onto a solid surface, and permitting the solution to dry on the surface
to form a film. To distribute a solution or composition onto a solid surface the solution or
composition may simply be poured onto and/or spread evenly over the surface, e.g. by use of

a draw-down blade or similar equipment.
A typical method includes the process steps of:

(a) optionally, mixing at least one antioxidant in water;
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(b)

(c)
(d

(e)
®

(2)

(h)

mixing the API in water, or in the solution obtained in step (a), and optionally
subsequently adjusting the pH of the solution to the desired level by addition of
an appropriate acid or base, typically a diluted aqueous acid or alkali, more
typically a diluted aqueous alkali, and preferably adjusting the pH of the
solution to from 3.8 to 5.5;

optionally, mixing one or more excipients into the solution obtained in step (b);
adding the alginate salt of monovalent cation under suitable conditions to result
in the formation of a viscous cast;

optionally, leaving the cast to de-aerate;

pouring the cast onto a surface and spreading the cast out to the desired
thickness, e.g. about 1 mm;

drying the cast layer, typically at a temperature of from 30 to 60 °C until the
residual water content of the film is from O to 20% by weight and a solid film is
formed; and

optionally, cutting the solid film into pieces of the desired size, further
optionally placing these pieces into pouches, preferably wherein the pouches are
made from PET-lined aluminium, sealing the pouches and further optionally,

labelling them.

Accordingly, an exemplary method for making the films of the present invention

includes the process steps of:

(a)

(b)

(c)

mixing at least one antioxidant in water, optionally wherein the antioxidant is
selected from the group consisting of ascorbic acid, citric acid, sodium bisulfite,
sodium metabisulfite, butyl hydroxitoluene, and combinations thereof;

mixing the API, preferably adrenaline or a pharmaceutically acceptable salt
thereof, more preferably adrenaline tartrate, in the solution obtained in step (a),
and optionally subsequently adjusting the pH of the solution to the desired level
by addition of an appropriate acid or base, typically a diluted aqueous acid or
alkali, more typically a diluted aqueous alkali, and preferably adjusting the pH
of the solution to from 3.8 to 5.5;

optionally, adding further water and/or one or more plasticizers and/or one or

more fillers into the solution obtained in step (b) under further mixing;
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(d

(e)
®

(2)

(h)

adding the alginate salt of monovalent cation under suitable conditions to result
in the formation of a viscous cast, e.g. by mixing for about 30 minutes or until a
lump free dispersion is achieved;

optionally, leaving the cast to de-aerate, typically for from 5 to 14 hours;
pouring the cast onto a surface, €.g. a plate, preferably a glass plate, and
spreading the cast out to the desired thickness, e.g. about 1 mm, typically by
means of an applicator;

drying the cast layer, typically at a temperature of from 30 to 60 °C, and
preferably from 35 to 45 °C, until the residual water content of the film is from
0 to 20% by weight, preferably from 5 to 15% by weight, and more preferably
from 9 to 11% by weight and a solid film is formed; and

optionally, cutting the solid film into pieces of the desired size, further
optionally placing these pieces into pouches, preferably wherein the pouches are
made from PET-lined aluminium, sealing the pouches and further optionally,

labelling them.

An alternative method for manufacturing a film according to the invention includes

the process steps of:

(a)
(b)

(c)

(d)

(e)
®

mixing one or more excipients in water;

separately, dissolving the API in water, or an aqueous solution containing one or
more antioxidants, and optionally adjusting the pH of the solution to the desired
level by addition of an appropriate acid or base, typically a diluted aqueous acid
or alkali, more typically a diluted aqueous alkali, and preferably adjusting the
pH of the solution to from 3.8 to 5.5;

mixing the solution obtained in step (a) with the alginate salt of monovalent
cation, e.g. for about 10 minutes;

adding the solution obtained in step (b) to the solution obtained in step (c) under
suitable conditions to result in the formation of a viscous cast, e.g. by mixing for
about 20 minutes or until a lump free dispersion is achieved;

optionally, leaving the cast to de-aerate, typically for from 5 to 14 hours;
pouring the cast onto a surface, €.g. a plate, preferably a glass plate, and
spreading the cast out to the desired thickness, e.g. about 1 mm, typically by

means of an applicator;
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(2) drying the cast layer, typically at a temperature of from 30 to 60 °C, and
preferably from 35 to 45 °C, until the residual water content of the film is from
0 to 20% by weight, preferably from 5 to 15% by weight, and more preferably
from 9 to 11% by weight; and

(h) optionally, cutting the solid film into pieces of the desired size, further
optionally placing these pieces into pouches, preferably wherein the pouches are
made from PET-lined aluminium, sealing the pouches and further optionally,

labelling them.

Typically, in the method for manufacturing a film according to the invention, when an
antioxidant is present in the film, the antioxidant is dissolved in aqueous solution prior to the

addition of the APL

In an alternative variant of any of the above methods, after the viscous cast is poured
onto a surface, it is first spread out to a thickness of about 2 mm by means of an applicator
with a slit height of about 2 mm, and is then subsequently spread out to a thickness of about

I mm by means of an applicator with a slit height of about 1 mm.

Typically, the alginate salt(s) are added to the API-containing water solution.
Alternatively, the API and the alginate salt(s) are both dissolved together in solution.
Alternatively, the API may be added to the alginate solution so as to give an emulsion or
suspension of the API in the alginate solution. Alternatively, the film-forming composition
of the invention may comprise both dissolved and non-dissolved active ingredients. For
example, a film-forming composition may comprise a combination of active ingredient

dissolved in the alginate solution and active ingredient suspended in the solution.

Additional API may be applied to the surface of the film before or after drying, e.g. as
an aerosol spray onto a dry or wet film. An active ingredient may also be applied as a
powder onto the surface of the film. A flavouring agent may additionally be applied in such a

way.

The publications, patent publications and other patent documents cited herein are
entirely incorporated by reference. Herein, any reference to a term in the singular also
encompasses its plural. Where the term “comprising”, “comprise” or “comprises” is used,
said term may substituted by “consisting of”’, “‘consist of” or “consists of”” respectively, or by
“consisting essentially of”’, “consist essentially of” or “consists essentially of”” respectively.

Any reference to a numerical range or single numerical value also includes values that are
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about that range or single value. Any reference to a compound of Formula (1), e.g.
adrenaline, also encompasses a physiologically acceptable salt thereof unless otherwise
indicated. Any reference to alginate encompasses any physiologically acceptable salt thereof
unless otherwise indicated. Unless otherwise indicated, any % value is based on the relative

weight of the component or components in question.
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Examples

The following are Examples that illustrate the present invention. However, these
Examples are in no way intended to limit the scope of the invention. References to
“adrenaline” or a pharmaceutically acceptable salt thereof throughout this Examples section
refer specifically to the (—) enantiomer of adrenaline, i.e. (—)-adrenaline, or the
pharmaceutically acceptable salt thereof, unless it is stated otherwise. References to
“tartrate” throughout this Examples section refer specifically to the L.-(+)-isomer of tartaric

acid or a salt thereof, unless it is stated otherwise.

Example 1: Preparation of adrenaline-containing films

Two basic film formulation protocols were developed. One film formulation protocol
produced adrenaline-containing films without pH adjustment. The other film formulation
protocol produced adrenaline-containing films in which the pH of the film formulation prior

to coating and drying was adjusted to about 5.

Preparation of adrenaline buccal films with pH adjusted to 5

Batch formulae comprising adrenaline tartrate as the API at 1 mg/dose are set out in
Table 1, and batch formulae comprising adrenaline tartrate as the API at 10 mg/dose are set
out in Table 2. Each formulation comprises either ascorbic acid and/or sodium bisulfite.
This component is believed to act as an antioxidant. The ratio of antioxidant to APl is

provided. Calculations are based on yields of 1000 doses/batch (dose size = 3 cm?).
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Table 1. Batch formulae for production of adrenaline films adjusted to pH 5 containing

1 mg/dose of adrenaline tartrate. AA = ascorbic acid; Na-B = sodium bisulfite; AT =

adrenaline tartrate; q.s. = quantum satis.

Component Batch formulae for target dose strengths of
1 mg/dose adrenaline films (pH adjusted to 5) .
Molar ratio a0/ 0/5/1 4151 runetion
AA/Na-B/AT
Adrenaline tartrate (g) 2 2 2 API
Ascorbic acid (g) 4 0 4 Antioxidant
Sodium bisulfite (g) 0 3 3 Antioxidant
Water (mlL) 300 300 300 Solvent
Sorbitol (g) 10.5 10.5 10.5 Plasticizer
Glycerol (g) 10.5 10.5 10.5 Plasticizer
Sodium alginate (g) 37.5 37.5 37.5 Film-forming
polymer
Sodium hydroxide (diluted) g.s. topH 5 g.s. topH 5 g.s. topH 5 pH adjustment

Table 2. Batch formulae for production of adrenaline films adjusted to pH 5 containing

10 mg/dose of adrenaline tartrate. AA = ascorbic acid; Na-B = sodium bisulfite; AT =

adrenaline tartrate; q.s. = quantum satis.

Component Batch formulae for target dose strengths of
10 mg/dose adrenaline films (pH adjusted to 5) .
Molar ratio a0/ 0/5/1 4151 Funetion
AA/Na-B/AT
Adrenaline tartrate (g) 20 20 20 API
Ascorbic acid (g) 40 0 40 Antioxidant
Sodium bisulfite (g) 0 30 30 Antioxidant
Water (ml) 300 300 300 Solvent
Sorbitol (g) 10.5 10.5 10.5 Plasticizer
Glycerol (g) 10.5 10.5 10.5 Plasticizer
Sodium alginate (g) 37.5 37.5 37.5 Film-forming
polymer
Sodium hydroxide (diluted) g.s. topH 5 g.s. topH 5 g.s. topH 5 pH adjustment

The films were produced according to the following procedure:

e Sodium bisulfite or ascorbic acid or a mix of sodium bisulfite and ascorbic acid

was dissolved in the majority of the purified water under mixing, followed by the

addition of adrenaline tartrate.
e The glycerol and sorbitol were added to the solution under mixing.

e The pH of the solution was adjusted to 5 by addition of a requisite quantity of

diluted sodium hydroxide.
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e The batch volume was increased to the correct total amount by addition of the
remainder of the purified water.

e The sodium alginate was added under mixing for about 30 minutes or until a lump
free dispersion was achieved, resulting in a viscous cast.

e The cast was left overnight for de-aeration.

e The cast was poured onto a glass plate and spread out to a thickness of 1 mm by
means of an applicator.

e The cast layer was dried in a drying cabinet heated to approximately 40 °C until a
residual water content of about 10% by weight was achieved and a solid film was
formed.

e The solid film was cut into pieces measuring 15 x 20 mm with a knife.

e The resulting films were placed individually into aluminium/polyethylene

terephthalate (PET) pouches, sealed with a heat sealer and labelled.

Preparation of adrenaline buccal films without pH adjustment

Batch formulae comprising adrenaline tartrate as the API at 3 mg/dose with no pH
adjustment prior to coating and drying are set out in Table 3. Each formulation comprises
either ascorbic acid and/or sodium bisulfite. This component is believed to act as an
antioxidant. The ratio of antioxidant to APl is provided. One of the formulations comprising
sodium bisulfite additionally comprises xylitol. Calculations are based on yields of 1000

doses/batch (dose size = 3 cm?).
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Table 3. Batch formulae for production of adrenaline films without pH adjustment
containing 3 mg/dose of adrenaline tartrate. AA = ascorbic acid; Na-B = sodium bisulfite;

AT = adrenaline tartrate.

Component Batch formulae for target dose strengths of
3 mg/dose adrenaline films (no pH adjustment) .
Molar ratio 3/0/1 0/2/1 0/2/1 111 Funetion
AA/Na-B/AT
Adrenaline tartrate (g) 5.5 5.5 5.5 5.5 API
Ascorbic acid (g) 9 0 0 2.9 Antioxidant
Sodium bisulfite (g) 0 34 34 1.7 Antioxidant
Water (mL) 200 230 230 230 Solvent
Sorbitol (g) 7 7 7 7 Plasticizer
Glycerol (g) 7 7 7 7 Plasticizer
Xylitol (g) 0 0 5 0 Plasticizer
Sodium alginate (g) 26.7 26.7 26.7 26.7 Fﬂ;rglfyog:rmg

The films were produced according to the following procedure:

e  Sodium bisulfite or ascorbic acid or a mix of sodium bisulfite and ascorbic acid
was dissolved in the majority of the purified water under mixing, followed by the
addition of adrenaline tartrate.

e The glycerol and sorbitol (an xylitol, if present) were added to the solution under
mixing.

e The sodium alginate was added under mixing for about 30 minutes or until a lump
free dispersion was achieved, resulting in a viscous cast.

e The cast was left overnight for de-aeration.

e The cast was poured onto a glass plate and spread out to a thickness of 1 mm by
means of an applicator.

e The cast layer was dried in a drying cabinet heated to approximately 40 °C until a
residual water content of about 10% by weight was achieved and a solid film was
formed.

e The solid film was cut into pieces measuring 15 x 20 mm with a knife.

e The resulting films were placed individually into aluminium pouches, sealed with a

heat sealer and labelled.
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Example 2: Physical evaluation of adrenaline-containing films

After manufacture, each of the batches of adrenaline-containing films prepared as

described above in Example 1 was evaluated with respect to the following criteria:

Property Criteria
1. Cast texture: lump free, homogenous viscous cast (visual inspection)

free of bubbles prior to coating (visual inspection)

2. Residual moisture*: 9-11% (in process control)
3. Film appearance: - translucent, transparent and colour homogenous (visual
inspection)

- smooth and flat surface structure (visual inspection)

- pliable and flexible (visual inspection)
4. Dose weight homogeneity: weighing of doses randomly selected within a film batch
5. Adrenaline content™®*: RP-HPLC analysis on the changes of dose strengths after

stability studies

* Residual moisture: IR-induced water vaporization combined with real-time weight
measurement was used. Percentage of change in weight at start until no further change was

observed as the measure of residual moisture.

** Adrenaline content and homogeneity: Reverse phase high-performance liquid
chromatography (RP-HPLC) separation with detection at 280 nm was used. Amount of

adrenaline/dose was calculated using an adrenaline standard curve. [9]

Evaluation of adrenaline buccal films with pH adjusted to 5

Adrenaline was fully dissolved in the liquid (water) phase, and lump free,
homogenous (yellowish) viscous casts could be prepared with each individual batch
formula/protocol with pH adjustment as described above in Example 1. Air bubbles
generated during preparation of the casts and which introduce inhomogeneity in the films,
were removed by leaving the cast overnight at room temperature for passive de-aeration prior

to coating.
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All prepared films had smooth and flat surface structures with flexible properties

when dried to a water content of 9-11%.

Quantitative determination of adrenaline in films was performed on RP-HPLC in
isocratic mode. Ammonium acetate was used as mobile phase and the UV detection was

made at 280nm.

Evaluation of adrenaline buccal films with no pH adjustment

Lump free, (yellowish) viscous casts could be prepared with each individual batch
formula/protocol without pH adjustment as described above in Example 1. Most of the air
bubbles generated during preparation of the casts were removed by leaving the cast overnight

at room temperature for passive de-aeration prior to coating.

Except for some air bubbles, all prepared films had smooth and flat surface structures
with flexible properties when dried to a water content of 9-11%. The flexible properties can

be further improved by adding xylitol as an additional plasticizer.

Example 3: Stability Studies on adrenaline-containing films

Stability studies were also carried out to determine the stability of the adrenaline API
within the buccal films prepared in Example 1. As mentioned above, adrenaline is prone to
degradation via oxidation and it is desirable to minimize this degradation (i.e. optimize the

stability of the buccal films).

Stability studies on adrenaline buccal films with pH adjusted to 5

Initial stability studies were carried out on the 10 mg/dose adrenaline buccal film
adjusted to a pH of 5 prior to coating and drying, and which contained only ascorbic acid as

an antioxidant (i.e. the formulation set out in column 2 of Table 2, in Example 1 above).

Fig. 1 shows the effect of temperature on the oxidation process of said adrenaline
films stabilized by ascorbic acid. The adrenaline buccal films to be tested were stored at
room temperature (RT) and 40 °C respectively, and adrenaline content per dose was analysed

after 0, 7, 18, 41 and 83 days. It is clear from these results that the oxidation process of
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adrenaline films containing ascorbic acid can be accelerated by the increased temperature.
Adrenaline films were almost stable at room temperature (RT) after 83 days, while a gradual
degradation occurred for adrenaline films stored at 40 °C, in which a loss of about 30%

adrenaline content after 83 days was observed.

Stability studies on adrenaline buccal films without pH adjustment

pH measurements and stability studies were carried out on each of the four adrenaline
buccal film formulations prepared without pH adjustment (i.e. the formulations set out in

Table 3, in Example 1 above). The results of these studies are set out in Table 4 below.

Table 4. The pH of the casts of batch formulae prepared without pH adjustment but having
different antioxidants and plasticizers added, and the amount of adrenaline API present in
each of the formulations at an initial time point and after three weeks. Standard deviations
are provided in parentheses (no. samples tested in each assay = 5). AA = ascorbic acid; Na-

B = sodium bisulfite; AT = adrenaline tartrate.

Formulation from Table 3
0/2/1
Molar ratio : :
AA/Na-B/AT 3/0/1 Wltlolout WEth 1/1/1
xylitol xylitol

pH of the cast 3.8 4.3 4.1 4.0
Assay adrer}ahne (mg/dose) initial 2.8 (0.1) 3.1(0.1) - 2.9(0.2)

film samples
Assay adrenaline (mg/dose) after 3 2.5(0.1) 1.9 (0.1) - 2.8 (0.1)

weeks
Assay adrenaline (um/mg film)
after 3 weeks 60.0 (2.0) | 43.6(0.4) - 62.1 (1.0)

It was observed that the pH of all the prepared casts (containing different stabilizer(s))

was greater than 3.8 without any external pH adjustment. This is beneficial, because sodium

alginate can be transformed to alginic acid and begin to gel at a pH below 3.8. Thus,

acceptable casts containing adrenaline as API can be prepared without the need for external

pH adjustment.
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Stability studies based on these batch formulas were performed by evaluation of the
adrenaline content per dose in each formulation at an initial time point and after storage for 3
weeks at room temperature. As set out in Table 5, the stability studies show that adrenaline
films comprising ascorbic acid as the sole antioxidant were more stable than adrenaline films
comprising sodium bisulfite as the sole antioxidant after 3 weeks at RT. This could likely be
explained by the relatively lower pH of the ascorbic acid-containing cast and/or the superior
antioxidative property of ascorbic acid compared with sodium bisulfite. However, the
greatest stabilizing effect on adrenaline was observed for the adrenaline films containing both
ascorbic acid and sodium bisulfite, which surprisingly suggests that a synergic effect arises

from combination of both of these antioxidants in the films.

The dose-weight variations obtained in this study were considered acceptable for
sample preparation in lab scale and the homogeneity data (mg adrenaline/mg film) showed

good consistency within batches.

Conclusions

The results in Examples 1 to 3 show the possibility to formulate stable adrenaline

buccal film formulations. The main conclusions of this study are summarized below.

e Lump free, homogenous viscous casts with few air bubbles were obtained, by
allowing the cast to de-aerate for over 15 hours.

e The prepared films were homogenous and had a smooth and flat surface. They were
pliable and flexible and considered as being easy to handle and administer for the
patient.

e The dose weight variations obtained in this study were considered acceptable for
sample preparation in lab-scale and the homogeneity data (mg Adrenaline/mg film)
showed good consistency within batches.

e For films in which pH in the pre-cast solution was adjusted to 5, Adrenaline films
were almost stable at room temperature (RT) after 83 days while a gradual
degradation occurred for adrenaline films stored at 40°C.

e For films at around pH 4, adrenaline films with ascorbic acid were more stable than
with the sodium bisulfite at RT. However, the synergic effect of using both ascorbic

acid and sodium bisulfite has the best stabilizing effect to Adrenaline in films.
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Example 4: Effect of ascorbic acid:sodium bisulfite ratio on film stability

The physical and chemical stability of twenty-five adrenaline alginate based buccal

film formulations containing ascorbic acid and/or sodium bisulfite as antioxidants were

tracked under ambient conditions (room temperature and relative humidity (R.H.)) and

accelerated conditions (40°C/75% R.H. and 50°C/75% R.H.).

The compositions tested in this study are described in Table 5. The formulations

containing a combination of plasticizers and stabilizers and the compositions were prepared

atpH 4.1 £0.2.

Table 5. Composition of individual antioxidant-containing films tested in this study.

Batch # #50 #51 #52 #53 Function

Adrenaline 1 mg 1 mg I mg I mg API

Ascorbic acid | 0.05 mg 0.10mg 025mg 0.5mg Stabilizer/antioxidant
iios ill‘;ltrr; . : : : Stabilizer/antioxidant
Sl?gcii;i?:: c. 13.4 mg ;;3'4 ;'1;3'4 ;'1;3'4 Film forming agent
Sorbitol c.35mg c¢.35mg c.35mg c.3.5mg Plasticizer

Glycerol c.3mg c.3mg c.3mg c.3mg Plasticizer

Water c.2mg c.2mg c.2mg c.2mg Solvent

Batch # #54 #55 #56 #57 Function

Adrenaline 1 mg 1 mg 1 mg I mg API

Ascorbic acid | - - - - Stabilizer/antioxidant
Sodium 0.03mg  006mg 0.15mg 030mg Stabilizer/antioxidant
bisulfite

Sl?g(ii;i?:: c. 13.4 mg ;;3'4 ;;3'4 ;'1;3'4 Film forming agent
Sorbitol c.3.5mg c.35mg c¢.35mg c.3.5mg Plasticizer

Glycerol c.3mg c.3mg c.3mg c.3mg Plasticizer

Water c.2mg c.2mg c.2mg c.2mg Solvent
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Batch # #58 #59 #60 #61 Function
Adrenaline 1 mg 1 mg 1 mg I mg API
Ascorbic acid | 0.05 mg 0.05 mg 0.05 mg 0.05 mg Stabilizer/antioxidant
Sodium - .
bisulfite 0.03 mg 0.06 mg 0.15 mg 0.30 mg Stabilizer/antioxidant
Soc'hum c. 134 mg c. 134 c. 134 c. 134 Film forming agent
alginate mg mg mg
Sorbitol c.3.5mg c.35mg c¢.35mg c.3.5mg Plasticizer
Glycerol c.3mg c.3mg c.3mg c.3mg Plasticizer
Water c.2mg c.2mg c.2mg c.2mg Solvent
Batch # #62 #63 #64 #65 Function
Adrenaline 1 mg 1 mg 1 mg I mg API
Ascorbic acid | 0.10 mg 0.10 mg 0.10 mg 0.10 mg Stabilizer/antioxidant
Sodium - .
bisulfite 0.03 mg 0.06 mg 0.15 mg 0.30 mg Stabilizer/antioxidant
Soc'hum c. 134 mg c. 134 c. 134 c. 134 Film forming agent
alginate mg mg mg
Sorbitol c.3.5mg c.35mg c¢.35mg c.3.5mg Plasticizer
Glycerol c.3mg c.3mg c.3mg c.3mg Plasticizer
Water c.2mg c.2mg c.2mg c.2mg Solvent
Batch # #66 #67 #68 #69 Function
Adrenaline 1 mg 1 mg 1 mg I mg API
Ascorbic acid | 0.25 mg 0.25 mg 0.25 mg 0.25 mg Stabilizer/antioxidant
Sodium . .
bisulfite 0.03 mg 0.06 mg 0.15 mg 0.30 mg Stabilizer/antioxidant
Soc.hum c. 13.4 me c. 134 c. 134 c. 134 Film forming agent
alginate mg mg mg
Sorbitol c.3.5mg c.35mg c¢.35mg c.3.5mg Plasticizer
Glycerol c.3mg c.3mg c.3mg c.3mg Plasticizer
Water c.2mg c.2mg c.2mg c.2mg Solvent
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Batch # #70 #71 #72 #73 Function

Adrenaline 1 mg 1 mg 1 mg I mg API

Ascorbic acid | 0.5 mg 0.5 mg 0.5 mg 0.5 mg Stabilizer/antioxidant
Sodium - .
bisulfite 0.03 mg 0.06 mg 0.15 mg 0.30 mg Stabilizer/antioxidant
Soc'hum c. 134 mg c. 134 c. 134 c. 134 Film forming agent
alginate mg mg mg

Sorbitol c.3.5mg c.35mg c¢.35mg c.3.5mg Plasticizer

Glycerol c.3mg c.3mg c.3mg c.3mg Plasticizer

Water c.2mg c.2mg c.2mg c.2mg Solvent

The films were packed in Alu/PET pouches immediately after preparation. All
samples were protected from light and stored under ambient conditions (room temperature

and humidity) and accelerated conditions (40°C/75% R.H. and 50°C/75% R.H.).

Analysis schedule and methods

The formulations were analyzed according to the stability program set out in Table 6.
The stability of the adrenaline buccal film prototypes were followed for 12 weeks. The

analytical methods and specification limits applied are described in Table 7.

Table 6. Stability program used in this study

Time points Date Room 40°C/75% R.H. | 50°C/75% R.H.
temperature
and R.H.

Initial 2018-12-21 A-D A-D A-D

2 weeks 2019-01-04 A-B A-B A-B

4 weeks 2019-01-18 A-D A-D A-D

8 weeks 2019-02-15 A-D A-D A-D

12 weeks 2019-03-15 A-D A-D A-D
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Table 7. Stability analysis method and specifications applied in this study.

Item | Analysis Method description Limits

A Assay Measurement of mg +5-10%
adrenaline /mg film using
HPLC-RPC

B Related Determination of TBD

substances | impurity content by

HPLC-RPC

C Appearance | Visual inspection. 4-5 approved

Graded on a 1-5 scale:
1-3 not approved

1: Completely
inhomogeneous film.

2: Film with a lot of
visible spots.

3: Film with some visible
spots.

4: Mostly homogenous
film.

5: Homogeneous film.

D Pliability Film will be bent 5 times: | 4-5 approved

I: Very brittle and rigid. 1-3 not approved
2: Rigid and brittle

3: Rigid

4: Somewhat rigid.

5: Soft and flexible.

E Appearance | Polarized light N/A
— crystals microscopy

The HPLC-RPC (high performance liquid chromatography — reversed phase
chromatography) method used (developed by Klaria Pharma Holding AB, Uppsala, Sweden)

is as follows:
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Solvent mixture A was prepared by dissolving 5 g of potassium dihydrogen
phosphate in 1000 mL MilliQ water using a magnetic stirrer. The pH was then
adjusted to 5.5 with 1 mol/L sodium hydroxide.

Solvent mixture B was prepared by mixing solvent mixture A with acetonitrile in
a ratio of 13:87 (by volume)

A stock solution of 300 ng/mL adrenaline bitartrate was prepared by weighing 30
mg of adrenaline bitartrate and dissolving in 100 g of solvent mixture B.
Adrenaline bitartrate standards were prepared according to the dilution schedule

of the stock solution shown in Table 8 below.

Table 8. Preparation of adrenaline bitartrate standards

Standard | Dilution Adrenaline Adrenaline
bitartrate conc. | conc. (ug/ml.)
(ng/mL)

Blank Mobile phase 0 0

1 1:4 dilution of stock 60 33

solution with diluent

2 1:2 dilution of stock 100 55
solution with diluent

3 1:1 dilution of stock 150 82.5
solution with diluent

4 Stock solution 300 165

To prepare a test sample for 1 mg API dose/film, 20 g of solvent mixture B was
added to a 100 mL beaker. Two test films were weighed and dissolved in the
solvent mixture B using magnetic stirrer for 10 minutes. An aliquot of sample
solution was filtered through a 0.45um HPLC grade filter. The first 2-3 mL of
solution was discarded and approximately 1 mL sample solution was then
collected.

To prepare a test sample for 3 mg API dose/film, the same protocol was
employed, except that the amount of solvent mixture B used was 60 g.

HPLC was performed with the following settings: column used = ReproSil-Pur
120 C18-AQ; flow rate = 1.0 mL/min; injection volume (sample loop) = 20 uL;

run time = 15 min.; detection wavelength = 210 nm; column temperature = 35 °C.
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The column was equilibrated with at least 5 column volumes in mobile phase at a
flow rate of 1 mL/min.

The analysis was performed as a gradient run, as follows (Mobile Phase A =
acetonitrile:solvent mixture A (5:95, by volume) and connected to pump Al;

Mobile Phase B = acetonitrile:solvent mixture A (45:55, by volume) and

connected to pump B2):

Time (min) | % mobile | % mobile
phase A phase B

0 95 5

10 67 33

11 95 5

15 95 5

Samples were run through the HPLC in the following order: (1) blank; (2) blank;
(3) blank; (4) standard 1; (5) standard 2; (6) standard 3; (7) standard 4; (8) sample
1; (9) sample 2; (10) continue with samples through to last sample; (11) blank;
(12) standard 1; (13) standard 2; (14) standard 3; (15) standard 4; (16) stop.

After data collection, the standard samples were used to produce a calibration
curve, against which the sample data could then be measured to determine the

concentration of adrenaline and impurities in the samples.

Approximate relative retention time (RRT) for the known impurities using current

RP-HPLC method are provided in Table 9 below.

Table 9. Relative retention time for the specified impurities. RRT calculated versus

the retention time of the main peak.

Specific impurities RRT
Norepinephrine (imp. B) 0.92
Adrenalone (imp. C) 1.12
Adrenaline Sulfonic Acid
. 0.89
(imp. F)
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Study results — after 2- and 4-week storage

Physical changes

Judgment of appearance and pliability were performed by visual inspection according

to Table 7. All the formulations passed the appearance and pliability specification initially.

After 4 weeks storage under both ambient and accelerated conditions, all the studied
formulations passed the pliability specification with no signs of crystallization of adrenaline
in any of the studied film formulations. However, adrenaline films containing ascorbic acid
turned pale yellow after 4-week storage at 50°C/75% R.H. The colour changes are thought to
be correlated to the ascorbic acid content and storage temperature. No colour change was
noticed in any of the formulations after 4-week storage at ambient and 40°C/75% R.H. A
gradient of color change was seen as the content of ascorbic acid increased (e.g. batch

numbers 57, 50, 51, 52 and 53 respectively displayed an increasingly intense yellow colour).

Chemical changes

The chemical stability of the studied formulations were tested after 2 and 4 weeks at

ambient, 40 °C/75% R.H. and 50 °C/75% R.H. conditions via HPLC.

Under ambient conditions, no significant differences in chemical stability were
observed after 2 weeks between film formulations with and without stabilizer(s) (i.e.
antioxidant(s)). A slight increase in the content of impurity F was detected after 4 weeks in
formulations containing one of either bisulfite or ascorbic acid, whilst less or even no
impurity F was detected in film formulations containing both stabilizers. In general, all the
studied formulations were relatively stable at ambient condition in which the content of total

impurities was below 1.0% after 4 weeks storage.

Under accelerated conditions (40 °C/75% R.H. and 50 °C/75% R.H.), the
concentration of impurities increased with the concentration of stabilizers in the formulation.
An increasing trend of impurity F can be seen in film formulations containing only bisulfite
as stabilizer, while the content of two unknown impurities at RRT 2.86 and 3.16 increased
with the concentration of ascorbic acid in film formulations. The addition of ascorbic acid to
bisulfite-containing film formulations can inhibit the formation of impurities F (RRT 0.89)

and C (RRT 1.14). Bisulfite mixed with ascorbic acid at low concentration (e.g. 0.05 in
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molar ratio to adrenaline) has an improved stabilizing effect. A smaller number of impurities
and generally lower content thereof were observed in these formulations. However, a high
concentration of ascorbic acid (i.e. 0.25 and 0.5 in molar ratio to adrenaline) had a sub-

optimal effect on the chemical stability, resulting in higher content of total impurities.

Study results — after 8-week storage

Physical changes

Under ambient conditions, all the studied formulations passed the appearance and

pliability specification in accordance to the limits listed in Table 7.

Under accelerated conditions (40 °C/75% R.H. and 50 °C/75% R.H.), a colour change
of adrenaline films was noticed. The change in color was mainly correlated to the
concentration of ascorbic acid in formulation and the storage temperature. A gradient of
colour change was observed as the content of ascorbic acid increased, and was more

pronounced after storage at higher temperature.

Chemical changes

In general, all the studied formulations were relatively stable at ambient conditions in
which the content of total impurities was below 1.0% after 8-week storage. An improved
stabilizing effect can be obtained (content of total impurities < 0.6%) for formulations
containing bisulfite. A small amount of impurity F (RRT 0.89) was observed in formulation
containing either bisulfite or ascorbic acid, while no impurity F can be seen in film
formulations including both stabilizers. Formation of impurity at RRT 3.16 occurred in some

formulations containing ascorbic acid.

Under accelerated conditions (40 °C/75% R.H. and 50 °C/75% R.H.), the content of
total impurities increased with the concentration of ascorbic acid in formulation, while the
impact of the bisulfite concentration was not significant. Ascorbic acid at a high
concentration (e.g. 0.5 in molar ratio to adrenaline) resulted in a higher content of total
impurities than formulation with no stabilizers (i.e. batch #74). The content of impurities at
RRT 2.86 and 3.16 increased with the increased ascorbic acid concentration in the

formulation, while the content of impurities at RRT 1.14, 1.68 and 2.32 decreased with

56



WO 2019/224323 PCT/EP2019/063376

increased ascorbic acid concentration. Moreover, the formation of impurity F (RRT 0.89)
can be found in all the studied formulations, but an increasing amount of impurity F can be
seen in film formulations with increased bisulfite content. The effect of ascorbic acid and
sodium bisulfite concentration on each of the measured impurities at 40 °C/75% R.H. can be

seen in Figs. 2 and 3.

Study results — after 12-week storage

Physical changes

Under ambient conditions (room temperature), all formulations passed the appearance
and pliability specification according to the limits listed in Table 7. No colour change of any

of the adrenaline-containing films was observed.

Under accelerated conditions (40 °C/75% R.H. and 50 °C/75% R.H.), a colour change
of some of the films was noticed and was more severe than colour changes observed after 8-
week storage. A gradient of colour change was still observed as the content of ascorbic acid
increased, and it was more obvious after storage at higher temperature. The impact of

bisulfite content on the color change was not significant.

Chemical changes

Under ambient conditions, all the studied formulations were relatively stable. The
content of total impurities in most studied formulations were below 1.0%, except for #56
(1.77%) and #57 (1.36%) which was mainly a result of formation of impurity F (RRT 0.89).
Additionally, a small amount of impurity at RRT 3.16 could be found in formulations

containing ascorbic acid.

Under accelerated conditions (40 °C/75% R.H. and 50 °C/75% R.H.), similar trends
were found compared to results after § weeks storage (see Figs. 4 and 5 for data on films
stored at 40 °C/75% R.H.). Impurity content was much higher in all formulations after
storage at 40 °C/75% R.H. than at 50 °C/75% R.H. The content of total impurities increased
with ascorbic acid concentration in formulation, while no clear trend was noticed with
increasing sodium bisulfite content. Regarding individual impurities, the content of

impurities at RRT 2.86 and 3.16 increased with the increased content of ascorbic acid in
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formulation, while the content of impurities at RRT 1.14, 1.68 and 2.32 decreased with the
increased content of ascorbic acid (see Figs. 4 and 5). An increasing amount of impurity F

can be seen in film formulations with increased bisulfite content.

Example 5: Effect of EDTA addition on stability

In general the adrenaline formulations studied in Example 4 were stable after 4 weeks
storage at ambient conditions. Most of the formulations containing ascorbic acid and sodium
bisulfite (in molar ratio to adrenaline ranging between 0.05 and 0.5) have shown a stabilizing
effect compared to the control. However, it was noticed that formation of impurities at RRT
0.89 (Imp. F) and 3.16 accelerated with increasing concentration of stabilizers in the
formulations after 4-week storage. The formation of these impurities is probably caused by
sulfonation reaction of adrenaline with sodium bisulfite and aided by a possible pro-oxidant

activity of higher concentrations of ascorbic acid:

sulfonation HO.
}

HO

Epinephirine sulfonic acid (imp. F)

As the formation of these impurities accelerated at higher molar ratio between
stabilizers and adrenaline, formulations with stabilizers at low molar ratio to adrenaline

(<0.05) were investigated in order to further optimize the film stability

Thus, in this example study, the molar ratio of sodium bisulfite and ascorbic acid to
adrenaline in the formulations were reduced, and EDTA added as an additional stabilizing
agent. As a more commonly used sulfite source in pharmaceutics, sodium metabisulfite was
also employed in place of sodium bisulfite. Fourteen adrenaline buccal formulations at pH
4.1 £0.2 were thus investigated under cold storage conditions (5°C), ambient conditions
(room temperature and humidity) and accelerated conditions (40 °C/75% R.H. and 50
°C/75% R.H.). Both 1 mg and 3 mg adrenaline films were investigated. The formulations

prepared in this study are set out in Table 10 below.
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Table 10. Compositions of the studied formulations.

Batch # #79 #80 #81 #82 #83 Batch #

Adrenaline 3mg 3mg 3mg 3mg 3mg API

Ascorbic acid | - 0.07mg - 0.03mg 0.07mg  Stabilizer/Antioxidant
Sodium . .
metabisulfite - - 0.004mg 0.004mg 0.004mg Stabilizer/Antioxidant
EDTA - - - - - Stabilizer/Antioxidant
Sodium c. 13 c. 13 . .

alginate me me c.13mg c.13mg c.13mg Film forming agent
Sorbitol c.3mg c¢.3mg c.3mg c¢.3mg c.3mg Plasticizer

Glycerol c.3mg c¢.3mg c.3mg c¢.3mg c.3mg Plasticizer

Water c.3mg c¢.3mg c.3mg c¢3mg c.3mg Solvent

Batch # #84 #85 #86 #87 #88 Function

Adrenaline 3mg 3mg 3mg 3mg 3mg API

Ascorbic acid | 0.144mg 0.07mg  0.144mg

0.07mg  Stabilizer/Antioxidant

ili:c:;%ril;ulfite 0.004dmg 0.015mg 0.015mg 0.05mg 0.004mg Stabilizer/Antioxidant
EDTA - - - - 0.002mg Stabilizer/Antioxidant
Sl?g(ii;i?:: c.13mg c.13mg c.13mg fngl?) c. 13 mg Film forming agent
Sorbitol c.3mg c¢.3mg c3mg c3mg c.3mg Plasticizer

Glycerol c.3mg c¢3mg c3mg c.3mg c.3mg Plasticizer

Water c.3mg c¢.3mg c3mg c.3mg c.3mg Solvent
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Batch # #89 #90 #91 #92 Function
Adrenaline 3mg 3mg 3mg Img API
Ascorbic acid | - 0.07mg - 0.02mg  Stabilizer/Antioxidant
ili:c:;%ril;ulfite 0.05mg  0.004dmg 0.05mg 0.00Img  Stabilizer/Antioxidant
EDTA 0.002mg 0.078mg 0.078mg - Stabilizer/Antioxidant
Sodium . .
alginate c.13mg c.13mg c.13mg c. 13mg Film forming agent
Sorbitol c.3mg c.3mg c.3mg c.3mg  Plasticizer
Glycerol c.3mg c.3mg c.3mg c.3mg  Plasticizer
Water c.3mg c.3mg c.3mg c.3mg Solvent

The films were packed in Alu/PET pouches immediately after preparation. All

samples were protected from light and stored under cold storage conditions (5°C), ambient

conditions (room temperature and humidity) or accelerated conditions (40 °C/75% R.H. and

50 °C/75% R.H.).

Analysis schedule and methods

The formulations were analyzed according to the stability program set out in Table

11. The stability of the adrenaline buccal film prototypes were followed for 12 weeks. The

analytical methods and specification limits applied are as described above in Table 7.

Table 11. Stability program used in this study

Time points Date 5°C Ambient 40 °C/75% R.H.
Initial 2019-01-17 A-E A-E A-E
2 weeks 2019-01-31 A-D A-D A-D
4 weeks 2019-02-14 A-D A-D A-D
8 weeks 2019-03-14 A-D A-D A-D
12 weeks 2019-04-11 A-D A-E A-D
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Approximate relative retention time (RRT) for the known impurities using current

RP-HPLC method are provided in Table 9 above.

Study results — initial films

Fourteen formulations were prepared with different stabilizer compositions and cast
pH. Viscosity was measured prior to coating. Although viscosity is generally higher in casts
at pH close to 4, all formulations can easily be coated and form homogenous films. Absence
of reflective spots under polarized microscope indicated absence of crystals in freshly made

films.

Formation of impurity F (RRT 0.89) was detected in most film formulations without
ascorbic acid (#79, #81 and #87). It is suspected that the sulfonation reaction is retarded by

the presence of ascorbic acid.

Study results — after 2- and 4-week storage

Physical changes

All formulations passed the appearance and pliability specification according to the

limits listed in Table 7.

Chemical changes

Under cold storage conditions (+5 °C), no impurity content was found in most
formulations after 4-week storage. The only formulation that contained impurity was #92, in
which impurity F was detected. Although the formation of impurity F is related to the
sodium bisulfite concentration, the formulations with higher molar ratio of sodium bisulfite
than #92 did not contain impurity F. A speculation is that the detected peak was a false

positive due to errors in analytical method.

Under ambient conditions (room temperature), no impurity content was found after 4-
week storage in formulations containing low concentration of stabilizers . Impurities at RRT
2.32 and 3.16 were formed in formulations with ascorbic acid at a molar ratio of >0.025 to

adrenaline, i.e. #80, #84, #85 and #86. Formation of impurity F was found in #87 and #88.
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Impurity content was higher in all formulations after 4-week storage at 40 °C/75%
R.H. The amount of impurity at RRT 3.16 was observed to increase with increased content
of ascorbic acid in formulation #81-84 (see Fig. 6). The impurity at RRT 2.86 increased
slightly with increased content of ascorbic acid in formulation #81-84 (Fig. 6). However,
with increasing content of ascorbic acid, the formation of impurity C (RRT 1.14) and
impurity at RRT 1.68 was hindered. Considering both effects, it is anticipated that low
content of ascorbic acid in combination with sodium metabisulfite should have an effect in

reducing the total impurity content.

As shown in Fig. 7 A&B, the EDTA content at 0.06% in the cast is observed to retard
formation of impurity C (RRT 1.14).

No clear trend can be observed on the stability of the formulations with increasing

sodium metabisulfite content.

Study results — after 8-week storage

Physical changes

All formulations passed the appearance and pliability specification according to the

limits listed in Table 7.

Chemical changes

Under cold storage conditions (+5°C), no impurity content was found in all

formulations after 8-week storage.

Under ambient conditions (room temperature), a low content of impurity F (between
0.05%-0.2%) was found in some of the formulations, i.e. #79, #80, #81, #82, #88, #89 and
#92.

Under accelerated conditions (40 °C/75% R.H.), the same trends were observed as in
the results after 4-week storage. The content of impurities at RRT 2.86 and 3.16 increased
with an increasing amount of ascorbic acid in formulation #81-84 (Fig. 8). EDTA content at

0.06% in cast retards the formation of impurity C (RRT 1.14) (Figs. 9 A&B).
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Study results — after 12-week storage

Physical changes

Formulations stored under cold storage and ambient conditions passed the appearance
and pliability specification according to the limits listed in Table 7. No crystal has been

found in all formulations after 12-week storage under cold storage and ambient conditions.

At 40 °C/75% R.H., crystallization has been noticed in the 3 mg adrenaline
formulations (#79-#91) after 12-week storage. However, no crystals were found in the 1 mg

formulation (#92), indicating crystallization may be dose-dependent.

Chemical changes

Under cold storage conditions (+5 °C), no impurity content was found in any of the

formulations after 12-week storage.

Under ambient conditions (room temperature), an unknown impurity (RRT 2.32) was
found at low content (between 0.05%-0.14%) in most of the formulation. Another unknown
impurity (RRT 3.16) was found in formulations with relatively higher concentration of

ascorbic acid, i.e. #80, #84, #86 #88 and #90.

Under accelerated conditions (40 °C/75% R.H.), some new unknown impurities at
RRT 1.2, 2.06 and 3.9 appeared in some formulations. The content of impurities at RRT
2.86, 3.16 and 3.9 increased with the increasing content of ascorbic acid in formulations #81-
84 (see Fig. 10). The formation of impurity C (RRT 1.14) and unknown impurity at RRT 1.68
were slightly hindered with a higher content of ascorbic acid in the formulations.
Formulations with EDTA content at 0.06% in cast showed slightly lower content of impurity
C (RRT 1.14) and unknown impurities at RRT 1.68 and 3.16 (see Figs. 11 A&B) than the
formulations with 0.0012% EDTA.

Example 6: Further optimization of film stability

In Example 4, it was noted that ascorbic acid and sodium bisulfite displayed a
stabilizing effect in the adrenaline buccal formulations. However, some impurities were

observed to increase in concentration at higher ascorbic acid concentrations (although were
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still present at a relatively low, i.e. an acceptable, amount). Further, it was noted in Example
5 that decreasing the total amount of antioxidants present in the film may lead to a reduced
amount of these particular impurities, but also to an increased level of impurities resulting
from oxidation of adrenaline. To optimize the film formulations, it seems that a balance
between the antioxidation effect and related impurity formation should be reached for the

mixture of stabilizers employed, i.e. ascorbic acid, sodium metabisulfite and EDTA.

In this example study, the physical and chemical stability of eighteen 3 mg adrenaline
buccal formulations under cold storage conditions (5 °C), long-term storage conditions
(25 °C/60% R.H.), intermediate storage conditions (30 °C/65% R.H.) and accelerated storage
conditions (40 °C/75% R.H.) were further optimized. Study design was influenced by the
results of Examples 4 and 5. A summary of the effects of each of the three stabilizer

components that can be established from Examples 4 and 5 is as follows:

Sodium metabisulfite: The formulations with the lowest total impurity content after 4-
week storage under ambient and accelerated conditions were the ones containing no or 0.05
sodium bisulfite in molar ratio to epinephrine in Example 4, i.e. #54 and #58. Therefore, the
content of bisulfite in the formulation in this study contains <0.05 in molar ratio to

adrenaline.

Ascorbic acid: Due to the pro-oxidant effect of ascorbic acid at higher
concentrations, it is anticipated that a lower concentration of ascorbic acid could result in a
reduced amount of impurities having an RRT of 2.86 and 3.16 (and thus a reduction in the
total content of impurities). A lower concentration of ascorbic acid (that would likely result
overall in a reduced antioxidative effect on adrenaline) should be mitigated by inclusion of

other stabilizing agents.

EDTA: An EDTA content of 0.06% in the cast showed a positive effect on retarding
formation of impurity C (RRT 1.14) in Example 5. A higher concentration of EDTA in cast,
i.e. 0.12%, will thus also be explored in this study.

Three formulations with lowest total impurity content under accelerated conditions in
Examples 4 and 5 were selected as the base formulations for this study, i.e. formulations #54,
#58 and #81. Based on these formulations, variant concentration of ascorbic acid and EDTA
was investigated. Eighteen buccal formulations containing a combination of stabilizers at pH

3.9 £ 0.2 were prepared. Compositions of the studied formulations are given in Table 12.
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Table 12. Compositions of the studied formulations.
Batch # #100 #101 #102 #103 #104 Function
Adrenaline 3mg 3mg 3mg 3mg 3mg API
L Stabilizer/
Ascorbic acid - - - 0.003mg  0.003mg Anitoxidant
Sodium Stabilizer/
metabisulfite 0.004dmg 0.004mg 0.004mg 0.004mg 0.004mg Anitoxidant
Stabilizer/
EDTA - 0.078mg  0.156mg - 0.078mg Antioxidant
. . Film forming
Sodium alginate | ¢.13mg c.13mg c. 13mg c. 13mg c.13mg agent
Sorbitol | ¢.3 mg c.3mg c.3mg c.3mg c.3mg Plasticizer
Glycerol | c.3mg c.3mg c.3mg c.3mg c.3mg Plasticizer
Water | c.3mg c.3mg c.3mg c.3mg c.3mg Solvent
Batch # #105 #106 #107 #108 #109 Function
Adrenaline 3mg 3mg 3mg 3mg 3mg API
L Stabilizer/
Ascorbic acid | 0.003mg - - - 0.003mg Anitoxidant
Sodium Stabilizer/
metabisulfite 0.004mg  0.05mg 0.05mg 0.05mg 0.05mg Anitoxidant
Stabilizer/
EDTA | 0.156mg - 0.078mg  0.156mg - Antioxidant
. . Film forming
Sodium alginate | ¢.13mg c.13mg c. 13mg c. 13mg c.13mg agent
Sorbitol | ¢.3 mg c.3mg c.3mg c.3mg c.3mg Plasticizer
Glycerol | c.3mg c.3mg c.3mg c.3mg c.3mg Plasticizer
Water | c.3mg c.3mg c.3mg c.3mg c.3mg Solvent
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Batch # #110 #111 #112 #113 #114  Function
Adrenaline 3mg 3mg 3mg 3mg 3mg API
Ascorbic acid | 0.003mg  0.003mg  0.03mg  0.03mg  0.03mg Stabilizer/
Anitoxidant
Sodium Stabilizer/
metabisulfite 0.05mg 0.05mg  0.05mg 0.05mg 0.05mg Anitoxidant
Stabilizer/
EDTA | 0.078mg 0.156mg - 0.078mg  0.156mg Antioxidant
. . Film forming
Sodium alginate | ¢.13mg c.13mg c.13mg c. 13mg c.13mg agent
Sorbitol | c¢.3mg c.3mg c.3mg c.3mg c.3mg Plasticizer
Glycerol | c.3mg c.3mg c.3mg c.3mg c.3mg Plasticizer
Water | c¢.3mg c.3mg c.3mg c.3mg c.3mg Solvent
Batch # #115 #116 #117 Function
Epinephrine 3mg 3mg 3mg API
Ascorbic acid 0.15mg 0.15mg 0.15mg Stabilizer/Antioxidant
Sodium - .
metabisulfite 0.05mg 0.05mg 0.05mg Stabilizer/Antioxidant
EDTA - 0.078mg 0.156mg  Stabilizer/Antioxidant
Sodium alginate | c. 13 mg c. 13 mg c.13mg  Film forming agent
Sorbitol c.3mg c.3mg c.3mg Plasticizer
Glycerol c.3mg c.3mg c.3mg Plasticizer
Water c.3mg c.3mg c.3mg Solvent

The films were packed in Alu/PET pouches immediately after preparation. Films

from batch #110 and batch #114 were also packed in Alu/PET pouches purged with N2. All

samples were protected from light and stored under cold storage conditions (5 °C), long-term
storage conditions (25 °C/60% R.H.), intermediate storage conditions (30 °C/65% R.H.) and
accelerated storage conditions (40 °C/75% R.H.).
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Analysis schedule and methods

The formulations were analyzed according to the stability program set out in Table
13. The stability of the adrenaline buccal film prototypes were followed for 8 weeks. The

analytical methods and specification limits applied are as described above in Table 7.

Table 13. Stability program used in this study

Timepoints | Date | sec | 2 000 | 30 Clest [ 80°CTs%
Initial 2019-02-21 A-E A-E A-E A-E
2 weeks 2019-03-07 A-D A-D A-D A-D
4 weeks 2019-03-21 A-D A-D A-D A-D
8 weeks 2019-04-17 A-E A-E A-E A-E

The HPLC method used to evaluate samples was developed by Recipharm (Uppsala,
Sweden) and differs from the method used to evaluate samples in Examples 4 and 5 above.

This HPLC-RPC method is as follows:

® An Agilent 100 series liquid chromatographic system was used consisting of a
binary pump, degasser, autosampler, thermostatic column compartment and a
diode array UV detector was used for analysis. The HPLC column was a YMC-
Triart PFP (150x 3.0 mm ,3 um), YMC co. The filter membrane was from
Membrane Solutions, MS® Nylon Syringe Filter diameter 30 mm, Pore size
0.45 um. The Vortex-Mix was UK plug VWR.

e Buffer solution A was prepared by dissolving 5.0 g of potassium dihydrogen
phosphate and 2.6 g of sodium octane sulfonate monohydrate in 1000 mL water
using a magnetic stirrer. It was necessary to stir for at least 10 minutes to achieve
complete dissolution. The pH was then adjusted to 4.0 with o-phosphoric acid
solution.

e Stock solutions of adrenaline, impurities B, C, D, E, F, D, L.-adrenochrome and
excipients (E1, E2, E3, E4 and ES5) were prepared at the concentration of
I mg/mL. All impurities and excipients were dissolved in HC1 1 M / Buffer A /
MeOH in the ratio 1/8/1 (v/v/v). The three solution must be added separately
following the order HC1 1 M / Buffer A / MeOH. Adrenaline was prepared
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directly in sample diluent. The stock solutions were then diluted at the
concentrations of 50, 5 and 0.5 ng/mL using sample diluent. A mix of all
compounds was also prepared at the concentration about 50 ug/ml.

e Each compound was injected separately and in the mixture solution. Retention
time and relative retention time are measured and will be used for identification of
API and the impurities. Resolution between peaks was be measured. Due to the
low stability of D, L-adrenochrome, this impurity was prepared and immediately
injected.

e To prepare a test sample for 1 mg API dose/film, 2 test films were accurately
weighed and then transferred in a 10 mL volumetric flask and 5 mL of Buffer A
was added. The solution was then vortexed for 5 minutes and 1.0 mL of MeOH
was added. Mixing was continued for 2 minutes. Buffer A was added to reach a
final volume of 10 mL. The solution was filtered with a 0.45 um filter. The first
3 mL was discarded and the next 1 mL was collected in an amber 1 mL vial.

e To prepare a test sample for 3 mg API dose/film, 2 test films were accurately
weighed and then transferred in a 30 mL volumetric flask and 18 mL of Buffer A
was added. The solution was then vortexed for 5 minutes and 3 mL of MeOH was
added. Mixing was continued for 2 minutes. Buffer A was added to reach a final
volume of 30 mL. The solution was filtered with a 0.45 um filter. The first 3 mL
was discarded and the next 1 mL was collected in an amber 1 mL vial.

e HPLC was performed with the following settings: flow rate = 0.8 mL/min;
injection volume = 5.0 pL; run time = 30 min.; detection wavelength =210 +
4 nm; column temperature = 50 °C; injection temperature = 25 °C; needle wash
solvent = solvent mix of buffer A (pH 4.0):MeOH of 9:1 (v/v), 1 time; dilution
solvent = 90% mobile phase A:10% mobile phase B (v/v).

e The column was equilibrated and then the analysis was performed as a gradient

run, as follows (Mobile Phase A = buffer solution A; Mobile Phase B = MeOH):

Time (min) | % mobile | % mobile
phase A phase B

0 100 0
100 0

16 45 55

20 45 55

21 100 0

30 100 0
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e After data collection, the standard samples were used to produce a calibration
curve, against which the sample data could then be measured to determine the

concentration of adrenaline and impurities in the samples.

Using this method, the approximate relative retention time (RRT) for identified

impurities are set out in Table 14 below.

Table 14. Relative retention time for the specified impurities. RRT calculated versus

the retention time of the main peak.

Specific impurities RRT

Impurity B (Norepinephrine) 0.73

Impurity C (Adrenalone) 1.17

Impurity D 1.66

Impurity E 1.78

Impurity F (Epinf:phrine Sulfonic 0.15
Acid)

D, L-Adrenochrome 0.42

Study results — initial films

Eighteen formulations were prepared with different stabilizer compositions at pH
3.9 £0.2. Viscosity was measured prior to coating. All formulations could easily be coated
and formed homogenous films. Absence of reflective spots under polarized microscope
indicated absence of crystals in freshly made films. Except for batch #115, no impurities was
found in the studied formulations initially. A high content of unknown impurity (RRT 1.04)
was found in batch #115, which was probably caused by the unexpected degradation of

adrenaline during the sample preparation.
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Study results — after 2- and 4-week storage

Physical changes

All formulations passed the appearance and pliability specification according to the

limits listed in Table 7.

Chemical changes

Under cold storage conditions (+5 °C) and long-term storage conditions (25 °C/60%
R.H.), low content of total impurity (<0.5%) was found in most of the formulations. Higher
content of total impurity was observed in formulations #112 and #115, which was mainly
attributed to the impurity at RRT 1.04. It is suspected that the detected peak in #112 was a

false positive due to errors in analytical method.

After 4-weeks storage at intermediate storage conditions (30 °C/65% R.H.), low
content of total impurity (<1%) can be found in some of the formulations, i.e. #110, #114,
#107, #108, #111. However, under accelerated storage conditions (40 °C/75% R.H.), almost
all the studied formulation (except for #113) showed higher content of total impurity
(>3.5%). The content of total impurity for #113 was 3.4% at 40 °C, which is still within an

acceptable limit.

Formulations with sodium metabisulfite content at 0.05 (in molar ratio to epinephrine)
showed a better stabilizing effect than at 0.025. A combination of higher amounts of sodium
metabisulfite and lower concentration of ascorbic acid (<0.01 in molar ratio to epinephrine)
resulted in a lower total impurity content. The impurity at RRT 0.77 can be obvserved in

film formulations with an ascorbic acid content >0.01 in molar ratio to epinephrine.

The addition of EDTA showed a positive effect on retarding formation of impurity at
RRT 1.04. According to the results for #110 and #110N, #114 and #114N>, the impact of
the storage atmosphere (N or air) on the chemical stability was not significant after 4 weeks

of storage.
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Study results — after 8-week storage

Physical changes

Formulations stored at cold storage conditions (5°C), long-term conditions (25 °C/
60% R.H.) and intermediate conditions (30 °C/ 65% R.H.) passed the appearance and
pliability specification according to the limits listed in Table 7. Some crystals were observed

in some formulations after storage at 25 °C/60% R.H. or 30 °C/65% R.H.

After 8-week storage at 40°C/ 75% R.H. all formulations became opaque and

crystallization was observed under the polarized microscope.

Chemical changes

No impurity was detected in the studied formulations except for in batch #115 after 8-
week storage at cold storage conditions (5 °C). As the impurities at RRT 1.04 and 1.07 were
detected initially, it is suspected these impurities are a result of contamination during film

preparation.

At ambient conditions (25 °C/60% R.H.), a low content of total impurity (<1%) was

observed for most formulations after 8-week storage. No impurity was detected in

formulations #105, #107, #113 and #114.

The total impurity content was <2% in all formulations except for batch #115 stored
at intermediate conditions (30 °C/65% R.H.). Impurity C (RRT 1.15) and an unknown
impurity at RRT 1.56 were the major impurities found in the formulations. The content of
both these impurities doubled since the previous time point (4 weeks). Increasing the content
of ascorbic acid (from 0 to 0.05 in molar ratio to epinephrine) and EDTA (from 0 to 0.12%)
can slightly retard the formation of impurity C (RRT 1.15) (see Figs. 12 A&B).

A greater number of impurities and higher total impurity concentration was observed
in the formulations stored at accelerated conditions (40 °C/75% R.H.). Higher ascorbic acid
content in the film suppressed the growth of all impurities having an RRT of 1.11, 1.15, 1.28,
1.31, 1.33 and 1.56 (Fig. 13 A-F). However, impurities at RRT 0.72 and 0.77 were found in
formulations with ascorbic acid at 0.05 in molar ratio to adrenaline, i.e. #115, #116 and #117.

A lower content of impurity C (RRT 1.15) and unknown impurities RRT 1.11 and 1.31 were
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found in the formulations with higher concentration of EDTA 0.12% than that in those
without EDTA (see Fig. 14 A-C).

Conclusions

In conclusion, it has been observed that the presence of ascorbic acid, sodium
metabisulfite and EDTA can all improve the stability of adrenaline-containing buccal film
formulations. However, for the most optimal films, a balance should be struck between
preventing adrenaline oxidation and suppressing formation of impurities which result from
the stabilizing additives themselves. In particular, it seems that limiting the concentration of
ascorbic acid to 0.01 or less (in a molar ratio to adrenaline) in combination with higher
concentrations of sodium metabisulfite (0.05 or greater, in a molar ratio to adrenaline) and
EDTA (0.06 wt% or greater; or 0.03 or greater, in a molar ratio to adrenaline) is particularly

beneficial.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

A film suitable for administration to an oral cavity comprising:
(1) an alginate salt of a monovalent cation or a mixture of alginate salts
containing at least one alginate salt of a monovalent cation;
(ii) an active pharmaceutical ingredient (API) which is adrenaline or a

pharmaceutically acceptable salt thereof

; and

(iii)  an antioxidant;

further wherein the alginate salt of a monovalent cation (a) comprises from 25 to 35%
by weight of B-D-mannuronate and/or from 65 to 75% by weight of a-L-guluronate,

and (b) has a mean molecular weight of from 30,000 g/mol to 90,000 g/mol.

The film according to claim 1, wherein the API is (—)-adrenaline or a

pharmaceutically acceptable salt thereof.

The film according to claim 1 or claim 2, wherein the API is the tartrate salt of

adrenaline, optionally wherein the API is the tartrate salt of (—)-adrenaline.

The film according to any one of claims 1 to 3, wherein the alginate salt of a
monovalent cation is selected from the group consisting of a sodium alginate, a

potassium alginate and an ammonium alginate.

The film according to any one of claims 1 to 4, wherein the alginate salt of a

monovalent cation is a sodium alginate.

The film according to any one of claims 1 to 5, wherein the film comprises from 25%
to 99% by weight of the alginate salt of a monovalent cation or the mixture of alginate
salts containing at least one alginate salt of a monovalent cation, from 0% to 20% by

weight of water, and from 0.001% to 75% by weight of the APIL.

The film according to any one of claims 1 to 6, wherein the film comprises from 29%

to 93% by weight of the alginate salt of a monovalent cation or the mixture of alginate
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10.

11.

12.

13.

14.

salts containing at least one alginate salt of a monovalent cation, from 5% to 15% by

weight of water, and from 0.15% to 50% by weight of the API.

The film according to any one of claims 1 to 7, wherein the antioxidant is selected
from the group consisting of ascorbic acid, citric acid, sodium bisulfite, sodium
metabisulfite, butyl hydroxytoluene, ethylenediaminetetraacetic acid (EDTA) and

combinations thereof,

The film according to any one of claims 1 to 8, wherein the film comprises from 0.01

to 10% by weight of the antioxidant.

The film according to any one of claims 1 to 9, wherein the film comprises at least
two antioxidants, and preferably at least three antioxidants, and further preferably
wherein said antioxidants are each independently selected from the group consisting
of ascorbic acid, citric acid, sodium bisulfite, sodium metabisulfite, butyl

hydroxytoluene and EDTA.

The film according to any one of claims 1 to 10, wherein the ratio of total antioxidants
present in the film to total API present in the film, by weight, is from 0.01:1 to 10:1,
optionally from 0.5:1 to 10:1.

The film according to claim 10 or claim 11, wherein the film comprises (i) ascorbic
acid and (i1) sodium bisulfite or sodium metabisulfite, preferably wherein the molar
amount of ascorbic acid is 0.01 or less relative to the molar amount of the total API,
and further preferably wherein the molar amount of sodium bisulfite or sodium

metabisulfite is 0.025 or greater relative to the molar amount of the total API.

The film according to any one of claims 1 to 12, wherein the film comprises EDTA,

preferably in an amount of 0.03 wt% or greater.

The film according to any one of claims 1 to 13, wherein the film further comprises:
at least one plasticizer which is selected from the group consisting of sorbitol,

glycerol, and a combination thereof, preferably both sorbitol and glycerol; and
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15.

16.

17.

18.

19.

20.

21.

a basifying agent which is optionally aqueous sodium hydroxide.

The film according to claim 14, wherein the film further comprises from 0% to 40%

by weight of sorbitol, and from 0% to 40% by weight of glycerol.

A film according to any one of claims 1 to 15 for use in the treatment of a condition
selected from the group consisting of anaphylaxis, superficial bleeding, and cardiac

arrest.

A film for use according to claim 16, wherein the condition to be treated is

anaphylaxis.

A method of treating a condition in a human patient, wherein said method comprises
administration of at least one film according to any one of claims 1 to 15 to a human

patient for treating a condition or disease as defined in claim 16 or claim 17.

Use of a film according to any one of claims 1 to 15 for the manufacture of a
medicament for the treatment of a condition or disease as defined in claim 16 or claim

17 in a human patient.

A film for use according to claim 16 or 17, a method according to claim 18 or the use
according to claim 19, wherein the film is administered to the oral cavity of the

human patient.

A method of manufacturing a film according to any one of claims 1 to 15, said
method comprising the following steps:
(a) either the steps of:

(1) mixing at least one antioxidant in water;
(i1) mixing adrenaline or a pharmaceutically acceptable salt thereof in the
solution obtained in step (i), and optionally subsequently adjusting the pH of
the solution to the desired level by addition of an appropriate acid or base,
typically a diluted aqueous acid or alkali, more typically a diluted aqueous

alkali, and preferably adjusting the pH of the solution to from 3.8 to 5.5;
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22.

(ii1) optionally, mixing one or more excipients into the solution obtained in
step (ii); and

(iv) adding the alginate salt of monovalent cation under suitable conditions to
result in the formation of a viscous cast;

or alternatively the steps of:

(1) mixing one or more excipients in water;

(i1) separately, dissolving adrenaline or a pharmaceutically acceptable salt
thereof in an aqueous solution containing one or more antioxidants, and
optionally adjusting the pH of the solution to the desired level by addition of
an appropriate acid or base, typically a diluted aqueous acid or alkali, more
typically a diluted aqueous alkali, and preferably adjusting the pH of the
solution to from 3.8 to 5.5;

(ii1) mixing the solution obtained in step (i) with the alginate salt of
monovalent cation; and

(iv) adding the solution obtained in step (ii) to the solution obtained in step
(ii1) under suitable conditions to result in the formation of a viscous cast;

(b) optionally, leaving the cast to de-aerate;

(c) pouring the cast onto a surface and spreading the cast out to the desired
thickness;

(d) drying the cast layer, typically at a temperature of from 30 to 60 °C until the
residual water content of the film is from 0 to 20% by weight and a solid film
1s formed; and

(e) optionally, cutting the solid film into pieces of the desired size, further
optionally placing these pieces into pouches, preferably wherein the pouches
are made from PET-lined aluminium, sealing the pouches and further

optionally, labelling them.

The method of claim 21, wherein after the viscous cast is poured onto a surface, it is
first spread out to a thickness of about 2 mm by means of an applicator with a slit
height of about 2 mm, and is then subsequently spread out to a thickness of about

1 mm by means of an applicator with a slit height of about 1 mm.
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