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1
TOPICAL ADMINISTRATION METHOD

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

RELATED U.S. APPLICATION DATA

This application is a reissue of application Ser. No.

16/312,855, filed as application No. PCI/EP2017/065163
on Jun. 21, 2017, now U.S. Pat. No. 10,507,132.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a reissue of Ser. No. 16/312,855, filed
on Dec. 21, 2018, now U.S. Pat. No. 10,507 132, which 1s a
U.S. national stage application filed under 35 U.S.C. § 371
ol International Application No. PCT/EP2017/065163, filed
on Jun. 21, 2017, which claims priority to, and the benefit of,
European Application No. 161760749, filed Jun. 23, 2016,
and European Application No. 16180202.0 filed Jul. 19,
2016, and European Application No. 17169837.6, filed May
6, 2017, the contents of each of which are incorporated
herein by reference in their entireties.

FIELD

The present invention relates to a method for topical
administration of ophthalmic compositions 1mn a dropwise
manner, preferably for topical administration of ophthalmic
compositions comprising semifluorinated alkanes (SFAs).
Further, the present invention relates to the use of said
methods 1n the prevention or treatment of ocular diseases or
disorders or any symptoms or conditions associated there-
with. In a further aspect, the present invention relates to
specific designs of a drop dispenser and to a kit comprising
a drop dispenser at least partially filled with a liquid com-

position for the use in such a method and directions for use
of said drop dispenser.

BACKGROUND

Semifluorinated alkanes (SFAs) are linear or branched
compounds composed of at least one non-fluorinated hydro-
carbon segment and at least one perfluorinated hydrocarbon
segment. Semi-fluorinated alkanes have been described for
various applications, for example commercially for unfold-
ing and reapplying a retina, for long-term tamponade as
vitreous humour substitute (H. Meinert et al.,, European
Journal of Ophthalmology, Vol. 10(3), pp. 189-197, 2000),
and as wash-out solutions for residual silicon o1l after
vitreo-retinal surgery.

WO02011/073134 discloses solutions of cyclosporine in
semifluorinated alkanes of the formula CF,(CF,), (CH,)
CH,, optionally 1n the presence of a co-solvent such as
ethanol, wherein the semifluorinated alkane functions as a
liguad drug delivery vehicle for cyclosporine for topical

treatment of keratoconjunctivitis sicca.
W02014/041055 describes mixtures of semifluorinated
alkanes of the formula CF;(CF,), (CH,) CH,. These mix-

tures are described to be ophthalmically applicable as tear
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2

film substitutes or for treating patients with dry eye syn-
drome and/or meibomian gland dysfunction.

It 1s known that the volume of drug instilled 1nto the eye
1s of particular importance as 1t 1s one of the sources of drug
response variation (German E. I. et. al, Eye 1999, 93-100).

Conventional eye drops are usually water-based compo-
sitions. When administering such water-based eye drops to
the eye, the patient usually inverts the (eye-)dropper bottle
that holds the ophthalmic composition and exerts a pressur-
ing force to the tlexible bottle 1n order to force one or more
drops to be released from the (eye-)dropper bottle. This 1s
usually done by simply squeezing the mverted eyedropper
bottle resulting 1n the release of one or more drops (the
alorementioned method 1s referred to as “pressure method”
throughout this document).

Said conventional administration method (pressure
method) known from water-based ophthalmic compositions
1s not suitable or not reliably suitable for administering
ophthalmic compositions comprising SFAs, since SFA-com-
prising drops may be released from the eyedropper 1n a
rather uncontrolled manner. Without being bound by theory,
this 1s attributed to the interplay of the special surface
properties of the amphiphilic SFAs, namely the interplay of
high spreading capabilities, high density and/or low surtace
tension.

Furthermore, also an administration method that relies
only on the mversion of the (eye-) dropper bottle without
exerting a pressuring force to the bottle (the aforementioned
method 1s referred to as “inversion method” throughout this
document) 1s not suitable or not reliably suitable for admin-
istering ophthalmic compositions comprising SFAs, since
SFA-comprising drops are also released from the eyedropper
in a highly uncontrolled manner employing said inversion
method. Again, this 1s attributed to the interplay of the
special surface properties of the amphiphilic SFAs, namely
the interplay of high spreading capabilities, high density
and/or low surface tension.

Thus, 1t 1s an object of the present invention to establish
a reliable method for the controlled administration, prefer-
ably for the controlled topical admimstration of composi-

tions comprising semifluorinated alkanes (SFAs) to the eye
in a drop-by-drop manner.

SUMMARY OF THE INVENTION

In a first aspect, the mvention relates to a method for
dropwise topical administration of a liquid composition (2),
comprising the steps of:

a) providing a drop dispenser (1), comprising

a container part (1B) with an interior volume partially
filled with the liquid composition (2) and a gaseous
phase (3) filling the remainder of the iterior volume
at ambient pressure, the container part (1B) having a
displaceable section (1C) and optionally a substan-
tially stationary section, and

a dropper part (1A) 1n physical connection and 1n fluid
communication with the interior volume of the con-
tainer part (1B), comprising an outtlow channel (5),
connecting the interior volume of the container part
(1B) to the environment;

b) exerting a first force to the displaceable section (1C) of
the container part (1B) of the drop dispenser (1) while
holding the drop dispenser (1) 1n an upright position in
which the outflow channel (5) 1s not 1n contact with the
liguid composition (2), thereby reducing the interior
volume of the container part (1B) and forcing the
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gaseous phase (3) of the interior volume at least par-
tially out of the drop dispenser (1) into the environ-
ment,

¢) mverting the drop dispenser (1) to an inverted position
in which the liquid composition (2) 1s 1n contact with
the outflow channel (5);

d) releasing said first force from the displaceable section
(1C) of the container part (1B) at least partly, thereby
reducing the pressure inside the container part (1B)
below ambient pressure; and

¢) exerting a second force to the displaceable section (1C)
of the container part (1B), while still holding the drop
dispenser in the inverted position in which the liquid
composition (2) 1s 1n contact with the outtflow channel
(5), thereby raising the pressure inside the interior
volume of the container part (1B) above ambient pres-
sure and releasing the liquid composition (2) dropwise
from the dropper part (1A) of the drop dispenser (1).

In a second aspect, the mvention relates to the use of a
method according to the first aspect of the mmvention for
preventing or treating an ocular disease or disorder or any
symptoms or conditions associated therewith.

In a third aspect, the invention relates to a method of
treating an ocular disease or disorder or any symptoms or
conditions associated therewith, comprising dropwise
administration of a liquid ophthalmic composition according
to the method according to the first aspect of the mnvention.

In a fourth aspect, the present invention relates to a drop
dispenser (1), comprising,

a container part (1B) with an interior volume partially
filled with the liquid composition (2) and a gaseous
phase (3) filling the remainder of the interior volume at
ambient pressure, the container part (1B) having a
displaceable section (1C) and optionally a substantially
stationary section, and

a dropper part (1A) in physical connection and 1n fluid
communication with the interior volume of the con-
tamner part (1B), comprising an outtlow channel (3),
connecting the interior volume of the container part
(1B) to the environment; wherein at least a portion of
the outflow channel (3) has an i1nner diameter in the
range of 0.09 to 0.19 mm.

In a fifth further aspect, the invention relates to a kit

comprising

a drop dispenser (1) at least partially filled with a liquid
composition (2) and a gaseous phase (3) for the use 1n
a method according to the first aspect of the mnvention
and

directions for use of the drop dispenser (1) in a method
according to the first aspect of the mvention.

Surprisingly, 1t was found that the administration of drops
or droplets of compositions comprising semitluorinated
alkanes to the eye i1s preferably performed utilizing an
underpressure 1n the (eye-)dropper bottle. By generating an
underpressure in the interior volume of the dropper bottle,
uncontrolled release of said compositions comprising semi-
fluorinated alkanes contained 1n the dropper bottle 1s effec-
tively prevented and reliable administration of said compo-
sitions 1n a dropwise manner 1s safeguarded. This allows for
reproducible dosing of compositions comprising SFAs to the
eye, 1ncluding compositions comprising pharmaceutical
active ingredients as well as compositions comprising no
pharmaceutical active ingredients. The reliable administra-
tion 1s especially important to the administration of thera-
peutic compositions comprising semifluorinated alkanes
since the corresponding drop volumes (approximately 1n the
range of 5 to 15 ul, 1n many cases in the range of 8 to 15 ul)
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are much smaller (as compared to aqueous eye drops) and
are thus more prone to overdosing or dose variation.

Further, the imnventors found that the method of the present
invention, employing an underpressure 1n the dropper bottle,
not only works for compositions comprising SFAs, but also
for conventional water-based ophthalmic compositions.
Thus, the inventors of the present mvention surprisingly
found a universal administration method for ophthalmic
compositions, ncluding water-iree (e.g. SFA-based) or
water-based compositions. By using the method of the first
aspect of the present invention (said method 1s also referred
to as “underpressure method” throughout this document)
ophthalmic compositions can be administered to the eye 1n
a highly-controlled fashion, which sateguards the reliably
and reproducibly administration of a defined dose of said
ophthalmic compositions to the eye.

Even further, the inventors found that the method accord-
ing to the first aspect of the present invention, employing an
underpressure, works reliable also below ambient tempera-
ture, namely with ophthalmic compositions that were stored
below ambient temperature (e.g. refrigerated compositions),
which 1s problematic when using the pressure method as
well as the inversion method, especially in the case of
SFA-based compositions. Employing the present invention,
said compositions may be directly administered without the
need to equilibrate the composition to ambient temperature
before use. The method according to the first aspect of the
present 1vention (underpressure method) also works
regardless of the volume of the headspace (gaseous volume
that fills the remainder of the interior volume of the dropper
bottle 1n addition to the liguid (ophthalmic) composition) in
the dropper bottle. During ongoing use of the composition,
the volume of the headspace 1s continuously increasing, as
the volume of the liquid ophthalmic composition 1s decreas-
ing. Such increasing headspace volume hampers reliable
administration of ophthalmic compositions utilizing the
pressure method or mversion method, especially when SFA -
based compositions are employed—which 1s not the case
when the underpressure method according the present inven-
tion 1s employed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1(A): Schematic representation of a drop dispenser
(dropper bottle) (1) 1n the upright position

FIG. 1(B): Schematic representation of a dropper part
(1A)

FIG. 2(A): Schematic representation of a slightly different
configuration of a drop dispenser (1) in the upright position

FIG. 2(B): Schematic representation of a dropper part
(1A)

FIG. 3(A): Schematic representation of a drop dispenser
(dropper bottle) (1) in the inverted (downside) position

FIG. 3(B): Schematic representation of a drop dispenser
(dropper bottle) (1) in the inverted (downside) position

FIG. 4: Schematic representation of the administration
method of the present imnvention (underpressure method)

FIG. 5: Schematic representation of an embodiment of the
method of the present invention

FIG. 6: Schematic representation of alternative inverted
positions of a drop dispenser (1)

FIG. 7: Schematic representation of a drop dispenser

(dropper bottle) (1) comprising a container part (bottle part)
(1B) and a dropper part (1A)
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FIG. 8: Schematic representation of a dropper part (1A) of

a drop dispenser (dropper bottle)

DETAILED DESCRIPTION OF TH.
INVENTION

L1

The terms “consist of”’, “consists of”” and “consisting of”
as used herein are so-called closed language meaning that
only the mentioned components are present. The terms
“comprise”, “comprises” and “comprising”’ as used herein
are so-called open language, meaning that one or more
turther components may or may not also be present.

The term “active pharmaceutical ingredient” (also
referred to as “API” throughout this document) refers to any
type of pharmaceutically active compound or derivative that
1s useful 1n the prevention, diagnosis, stabilization, treat-
ment, or—generally speaking—management of a condition,
disorder or disease.

The term “therapeutically eflective amount” as used
herein refers to a dose, concentration or strength which 1s
usetul for producing a desired pharmacological eflect.

According to the first aspect the present mvention pro-
vides a method for dropwise topical administration of a
liguid composition (2), comprising the steps a) to ) which
will be described 1n further detail below.

The term “dropwise” as used herein means that a liquad,
more specifically the liquid composition of the present
invention 1s provided m a drop-by-drop fashion, which
means that one discrete drop, 1rrespective of 1ts size or
volume, 1s provided or administered at a time and/or that a
plurality of drops or droplets, preferably of the liquid
composition, 1s provided 1n a consecutive manner, one at a
time.

Further, according to the present invention, dropwise
administration of the liqud composition 1s performed topi-
cally, meaning on the surface, e.g. to the skin or other outer
boundary of a human or animal body or any part thereof.
Preferably, the liquid composition 1s topically administered
to the eye surface or an eye tissue.

The term “liquid composition” according to the present
invention means any water-containing or water-free liquid,
solution, emulsion or dispersion, preferably a liquid solution
that may be applied to the human or amimal body and that
may optionally contain one or more active pharmaceutical
ingredient (API) as defined above or further compounds like
excipients, may optionally contain one or more active phar-
maceutical ingredient (API) as defined above or further
compounds like excipients, such as organic solvents, lipids,
oils, lipophilic vitamins, lubricants, viscosity agents, acids,
bases, antioxidants, stabilizers, synergists, coloring agents,
thickening agents,—and 1f required 1n a particular cases—a
preservative or a surfactant and mixtures thereof.

Potentially useful organic solvents include, but are not
limited to, glycerol, propylene glycol, polyethylene glycol,
cthanol, acetone, ethyl acetate, 1sopropyl alcohol, pentylene
glycol, liquid paratlin, triglyceride oils and hydrofluorocar-
bons.

Potentially useful lipids or o1ly excipients include, but are
not limited to, triglyceride oils (e.g. soybean o1l, olive oil,
sesame o1l, cotton seed oi1l, castor o1l, sweet almond o1l),
mineral o1l (e.g. petrolatum and liquid paraflin), medium
chain triglycerides (MCT), oily {fatty acids, 1sopropyl
myristate, oily fatty alcohols, esters of sorbitol and fatty
acids, oi1ly sucrose esters, oi1ly cholesterol esters, oily wax
esters, glycerophospholipids, sphingolipids, or any o1ly sub-
stance which 1s physiologically tolerated by the eye.
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Potentially usetul antioxidants include, but are not limited
to, vitamin E or vitamin F derivatives, ascorbic acid, sul-
phites, hydrogen sulphites, gallic acid esters, butyl hydroxy-
anisole (BHA), butyl hydroxytoluene (BHT) or acetylcys-
teine.

According to step a) of the administration method accord-
ing to the first aspect of the present mmvention a drop
dispenser (1) 1s provided. A “drop dispenser” as used herein
may be a container, dispenser, applicator or bottle of any
suitable kind for handheld use which can hold at least a
single dose, preferably multiple doses of the liquid compo-
sition and which may be designed of a single piece or
multiple pieces or parts and which may typically be made of
a material which 1s essentially inert against the liquid
composition to be administered and which may be rigid such
as glass (especially when used 1n a combination with a
flexible material) or preferably flexible, such as, for example
polyethylene or polypropylene. In a preferred embodiment
of the present invention the container part (1B) of the drop
dispenser (1) 1s at least partially made of a flexible polymer,
preferably of a flexible thermoplastic polymer.

The drop dispenser provided in step a) of the present
invention comprises a container part (1B) and a dropper part
(1A). The “container part” 1s the portion of the drop dis-
penser which holds the liquid composition to be adminis-
tered dropwise 1n the amount of a single dose, preferably
however 1n an amount of multiple doses or drops, typically
in an amount of 0.1 to 15 ml, more typically in an amount
of 0.1 to 10 ml, even more typically in an amount of 0.1 to
5> ml. The container part holds an interior space or volume
which 1s at least partially filled with the liquid composition
to be administered. The container part (1B) also holds a
gaseous phase (3) which fills the remainder of the interior
volume which 1s not filled with the liquid composition (2).
The gaseous phase typically consists of air or a protective
gas or a mixture of air and a protective gas or a mixture of
different protective gases and evaporated portions or traces
of the components of the liquid composition (2). According
to step a) of the present method the gaseous phase (3) as well
as the liquid composition (2) 1s held under ambient pressure,
which means that it 1s under the same pressure as the
surrounding atmospheric pressure, at least after the con-
tainer has been opened.

The container part (1B) of the drop dispenser according to
step a) has a displaceable section (1C) and optionally a
substantially stationary section. The term “displaceable sec-
tion” as used herein may be any portion or areca of the
container part (1B) that may be displaced out of 1ts original
position relative to a fixed portion of the drop dispenser, e.g.
relative to dropper part of the drop dispenser by an external
force applied, for example by pressing, pushing, shifting,
tilting or bending out of 1ts original position to a displaced
position without affecting the physical integrity of the con-
tainer part (1B). Preferably the displacement of the displace-
able section (1C) of the container part (1B) induces a
deformation, preferable a reversible deformation of the
container part, in which the mmner volume of the container
part 1s reduced. Optionally the container part (1B) may also
comprise a stationary or substantially stationary section
which 1s not or substantially not displaced together with the
displaceable section when an external force 1s applied. The
stationary section may or may not be present and may be a
separate part connected to the displaceable section or may be
a portion of the displaceable section which may not be
displace relative to fixed portion of the drop dispenser.

The drop dispenser provided in step a) of the present
invention also has a dropper part (1A). The “dropper part”
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1s the portion of the drop dispenser through which the liquid
composition (2) 1s discharged from the container part (1B)
and subsequently administered. It 1s physically connected to
the container part (1B) and connects the interior volume of
the contamner part (1B) to the environment through an
outflow channel (5) through which the liquid composition
(2) to be administered 1s discharged. The outtlow channel
may optionally comprise a drop brake channel (6) which
clongates the outtlow channel further into the interior vol-
ume of the container part (1B).

According to step b) of the administration method of the
present mvention a first force 1s exerted to the displaceable
section (1C) of the container part (1B) of the drop dispenser
(1) while the drop dispenser 1s held 1n an upright position.
The term “upright position” means that the drop dispenser 1s
oriented such that the outflow channel (3) or the optional
drop brake channel (6) 1s not in contact with the liquid
composition (2) held 1n the container part. This 1s usually the
case when the dropper part comprising the outflow channel
1s oriented upwards and the liquid composition, by the force
of gravity, 1s held 1n the lowermost part, 1.e. the bottom end
of the drop dispenser. In this orientation, the outflow channel
only contacts the gaseous phase (3) and not the liquid
composition (2). Accordingly, the term “upright position™
also encompasses orientations of the drop dispenser which
are not completely perpendicular. It also encompasses
inclined orientations of the dispenser with an inclination
angle of up to 90°, often with an inclination angle of
approximately 0° to 45°, more often with an inclination
angle of approximately 0° to 30° between the normal axis of
the drop dispenser (1) and a perpendicular reference line, as
long as the liquid composition does not contact the outtlow
channel (5) or the optional drop brake channel (6).

Preferably, the first force 1s a pressuring force exerted to
the displaceable section of the contaimner part (1B), for
example a pressuring force applied by the fingers of a user
of the drop dispenser to a flexible wall of the container part
(1B). Thereby the interior volume of the container part of the
drop dispenser 1s reduced and the gaseous phase 1s at least
partly or 1n whole, preferably partly, forced out of the drop
dispenser (1) into the environment.

According to step c¢) of the method of the present inven-
tion the drop dispenser 1s then mverted to an nverted
position 1 which the liquid composition 1s 1n contact with
the outtlow channel (5) or, 1f present, the optional drop brake
channel (6). The term “inverted position” as used herein
means that the drop dispenser i1s oriented such that the
outflow channel (5) or the optional drop brake channel (6) 1s
in contact with liquid composition (2) held 1n the container
part. This 1s usually the case when the dropper part com-
prising the outtlow channel 1s oriented downwards and the
liquid composition, by the force of gravity, 1s held 1n the
lowermost end of the drop dispenser. In this orientation, the
outtlow channel only contacts the liquid composition (2) and
not the gaseous phase (3). Accordingly, the term “inverted
position” also encompasses orientations of the drop dis-
penser (1) which are not completely perpendicular. It also
encompasses inclined orientations of the dispenser with an
inclination angle of up to 90°, often with an inclination angle
of approximately 0° to 45°, more often with an inclination
angle of approximately 0° to 30° between the normal axis of
the drop dispenser (1) and a perpendicular reference line, as
long as the liquid composition 1s 1n contact with the outtlow
channel (5) or the optional drop brake channel (6) of the
dropper part.

According to step d) of the method of the present inven-
tion said first force exerted to the displaceable section (1C)
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of the container part (1B) 1n step b) 1s at least partly released
while still holding the drop dispenser in the inverted posi-
tion. Thereby, the inner volume of the container part (1B) 1s
enlarged or allowed to enlarge and the pressure inside the
container part (1B) 1s at least temporanly reduced below
ambient pressure (also termed as “underpressure” in this
document). This allows air from the environment to enter 1n
the outflow channel (5) of the dropper part and prevents any
liguid composition (2) from leaking unintentionally or
uncontrolled from the outtlow channel (5).

According to step ) of the method of the present inven-
tion a second force 1s exerted to the displaceable section
(1C) of the container part (1B), while still holding the drop
dispenser 1n the inverted position in which the liquid com-
position (2) 1s 1n contact with the outflow channel (5). In a
preferred embodiment, the second force 1s the same kind of
force as applied according to step b), preferably also a
pressuring force applied by the fingers of a user of the drop
dispenser to a flexible wall of the container part (1B). By
exerting the second force to the displaceable part (1C) of the
drop dispenser (1) the pressure inside the interior volume of
the container part (1B) 1s raised at least temporarily above
ambient pressure and the liquid composition (2) 1s released
dropwise from the dropper part (1A) of the drop dispenser
(1).

In a further embodiment, the administration method
according to the present invention optionally comprises the
additional step

1) dropwise administering the composition to the eve,

preferably to the eye lid, eye sac or an ophthalmic
tissue of a subject 1n need thereof.

In a preferred embodiment of the present invention the
drop dispenser (1) as described above 1s a dropper bottle (1)
with a dropper part (1A) and a container part (1B), the
container part (1B) comprising the displaceable section
(10).

The term “dropper bottle” (1) as used 1n connection with
this preferred embodiment of the invention refers to a
medical device that 1s/may be used as an eye drop delivery
system (eyedropper), but which may also be helptul 1n
administering certain compositions in a drop-by-drop man-
ner to other parts of the body that are accessible to topical
administration, such as ear, skin, nose, head, finger or other
limbs. A dropper bottle may comprise a bottle part (1B) and
a dropper part (1A) (see FIGS. 1-7). The bottle part (1B) 1s
for holding the liquid ophthalmic composition to be released
in a drop-by drop manner according to the present invention.

The term “bottle part” (1B) of the dropper bottle, as used
herein refers to part of the dropper bottle (1) that holds the
liquid (ophthalmic) composition (2) to be administered in 1ts
interior volume. Besides the liquid (ophthalmic) composi-
tion (2) the remaining part of the interior volume 1s filled by
a gaseous phase (3). As described above, said gaseous phase
(3) may comprise air or another gas, such as an inert gas (e.g.
argon, nitrogen). It 1s understood that, as the volume of the
liguid composition (2) 1s decreasing upon repeated use/
release of drops, the volume of the gaseous phase (3) 1s
correspondingly increasing.

The “dropper part” (1A) as used herein refers to the part
of the dropper bottle (1) from which the liquid (ophthalmaic)
composition 1s physically released in a dropwise, 1.€. 1n a
drop-by-drop manner. The dropper part (1A) 1s or may be
mounted onto the bottle part (1B), connecting the interior
volume of the bottle part to the environment. This connec-
tion (fluid communication) of the interior volume to the
environment 1s effected 1n sequential order (from the distal
to the proximal end) by the optional drop brake channel (6)
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(see FIGS. 1 to 7) to the outflow channel (S) with the duct
opening (4) at its distal end and the dropper mouth (7) at 1ts
proximal end. Said fluid communication allows both the
liquid ophthalmic composition (2), as well as the gaseous
phase (3) to be released from the dropper bottle (1) to the
environment.

The term “deformable wall part (1C)” as used herein in
connection with the dropper bottle of this embodiment of the
invention refers to the wall part of the bottle part (1B) of the
dropper bottle (1), which 1s fabricated 1n such that 1s allows
to be deformed by a pressuring force exerted to 1it. The
deformation of the wall part (1C) effects the mterior volume
to be compressed, resulting 1n the release of the gaseous
phase (3) and/or the liquid (ophthalmic) composition (2)
from the interior volume to the environment, as well as the
intake of a gaseous phase (e.g. air) into the interior volume.
The deformable wall part 1s preferably manufactured from a
at least partially deformable material, preferably from an at
least partially deformable plastic matenal, such as polypro-
pylene or polyethylene. More preferably the deformable
wall part 1s preferably manufactured from a at least partially
manually deformable plastic material.

Preferably, the deformable wall part 1s manufactured from
an at least partially manually deformable plastic material
with a preferred thickness in the range of from 0.4 to 1.6
mm, preferably with a thickness in the range of from 0.5 to
1.0 mm, more preferably with a thickness 1n the range of
from 0.6 to 0.8 mm.

The term “dropper brake channel” (6) of the dropper
bottle according to this preferred embodiment of the inven-
tion as used herein refers to an optional channel-like device
that extends from the duct opening (4) of the outflow
channel (5) 1nto the interior volume of the bottle part. When
present, the dropper brake channel (6) 1s 1n fluid communi-
cation with the interior volume of the bottle part (1B) and
with the outtlow channel (5). The dropper brake channel
may act as a means to limit or reduce the tflow of the
ophthalmic composition upon inversion of the dropper
bottle (1).

The term “duct opening (4)” of the dropper bottle as used
herein refers to the most distal end of the outtlow channel
(5). The duct opening (4) 1s preferably circular and/or has a
preferred diameter in the range of from 0.15 to 1.2 mm,
preferably 1ts diameter 1s 1n the range of from 0.18 to 0.5
mm, more preferably its diameter 1s 1n the range of from 0.2
to 0.3 mm.

The term “outflow channel (5)” as used 1n connection
with this embodiment of the invention refers to a channel-
like device that connects the interior volume of the dropper
bottle (1) to the environment, saieguarding the fluid (or
gaseous) communication between interior volume and the
environment. Herein, the outflow channel (35) 1s delimited at
its distal end by the duct opening (4) located inside the
interior volume of the dropper bottle and by the dropper
mouth (7) at its very proximal end located outside the
interior volume of the dropper bottle.

Upon admuinistration, the liquid, preferably the liquid
ophthalmic composition 1s delivered from iterior volume
through the outtlow channel (5) to the dropper mouth (7),
where the composition 1s released 1n a drop-by-drop manner.
The outflow channel (5) 1s preferably a circular channel.
Preferably, the outflow channel (5) has different diameters at
its distal end (duct opening (4)) and at 1ts proximal end
(dropper mouth (7)). In one embodiment, the diameter at the
distal end (duct opening (4)) 1s smaller than the diameter at
the proximal end (dropper mouth (7)). In this embodiment,
the outflow channel 1s narrowing from the proximal dropper
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mouth (7) to the distal duct opening (4). In still a further
embodiment, the diameter at the distal end (duct opening
(4)) 1s larger than the diameter at the proximal end (dropper
mouth (7)).

The term “dropper mouth™ (7) as used 1n this embodiment
refers to the most proximal end of the outtlow channel (5),
where the drops to be released are formed. The diameter of
the dropper mouth (7) 1s preferably circular and/or its
diameter 1s preferably in the range of 1 to 5 mm, preferably
its diameter 1s 1n the range of 2 to 3 mm, more preferably 1ts
diameter 1s in the range of 2.0 to 2.6 mm, even more
preferably its diameter 1s 1n the range of about 2.0 to 2.4 mm.

The term “pressuring force™ as used in this preferred
embodiment refers to a force that 1s applied to the deform-
able wall part (1C) to effect the interior volume of the bottle
part (1B) to be compressed. Preferably, said force 1s by
manually pressuring the deformable wall part (1C), e.g. by
manually squeezing.

In a further preferred embodiment, the administration
method according to the present mnvention, the mversion of
the drop dispenser (1) to the mverted position according to
step (¢) and the release of the first force according to step (d)
1s performed at least partly simultaneously. This means that
the release of the first force, preferably the first pressuring
force exerted to the displaceable part (1C) of the drop
dispenser may or may not be performed 1n whole or 1n part
during the iversion of the drop dispenser according to step
¢). Preferably, however, the release of the first force does not
start, before the contact between the liquid composition and
the outflow channel (5) 1s established. Irrespective of
whether or not steps ¢) and d) are performed simultaneously
in whole or 1n part the administration method according to
the present invention it i1s beneficial and preferred when
upon release of the first force 1n step d) air 1s at least partially
sucked into the outflow channel (5) forming a barrier to
prevent uncontrolled release of the liquid composition (2)
from the dropper dispenser (1). Therefore, according to this
beneficial embodiment of the present invention the reduced
pressure generated inside the interior volume of the con-
tamner part (1B) prevents the unintended, in many cases
non-dropwise and therefore non-reproducible release of the
liquid composition (2) from the drop dispenser (1).

In a further embodiment of the first aspect of the mven-
tion, the method optionally further comprises the steps:

g) releasing the second pressuring force from the dis-
placeable part (1C) of the container or bottle part (1B),
while still holding the drop dispenser or dropper bottle
respectively 1n the mverted position, thereby stopping
the release of the liqud composition (2), and

h) optionally exerting one or more further pressuring
force(s) to the displaceable or deformable wall part
(1C) of the container or bottle part (1B), while still
holding the drop dispenser or dropper bottle 1n an
inverted position, thereby releasing further liquid com-
position (2) 1n a dropwise manner from the dropper part
(1A) and subsequently releasing the one or more fur-
ther pressuring force(s) from the displaceable part (1C)
of the container or bottle part (1B).

The liquid composition utilized 1n the method of the
present invention may be a water-containing or alternatively
a water-Iree composition. Examples of composition success-
tully utilized 1n practicing the method of the present inven-
tion are listed 1n Table 2.

In a further preferred embodiment of the present invention
the liquid composition (2) to be administered 1n a dropwise
fashion 1s an ophthalmic composition, whereas the term
“ophthalmic” as used herein means that the liquid compo-
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sition can be topically administered to the eye, to the eye
surface or to an eye tissue of a human or an animal.

The liquid composition may comprise water, dissolved
salts, bufler solutions and solvents known to those of skill 1n
the art to be compatible with the above-described ophthal-
mic administration.

Accordingly, a broad diversity of commercially available,
water-based ophthalmic compositions, such as e.g. Sys-
tane®, Arteleac®, Refresh (see Table 2) and the like are
suited as liquid compositions (2) to be administered accord-
ing to the method of the present invention.

Further, the liquid composition (2) may comprise one or
more excipients, such as an organic cosolvent, such as an oil
selected from glyceride oils, liquid waxes, and liquid par-
ailin or mineral o1l, or said liquid composition may comprise
an organic solvent exhibiting a high degree of biocompat-
ibility, such as glycerol, propylene glycol, polyethylene
glycol or ethanol.

The liquid composition (2) to be administered may be
used 1n form of a solution or a suspension or an emulsion.
Further, 1t may generally be used at diflerent temperatures,
such as different room or ambient temperatures. Further-
more, it may be used 1n a cooled state, for example after
storage 1n a cooler or freezer. Typically, the liquid compo-
sition (2) to be administered may be used at a temperature
(of the liquid, not necessarily of the surroundings) of
approximately from -15 to 40° C., more typically of from
—-10° C. to 37° C. In a preferred embodiment of the present
invention the liquid composition has a temperature in the
range from -7° C. to 30° C., preferably in the range from 20°
C. to 30° C.

The liquid composition (2) optionally comprises one or
more pharmaceutical active ingredients (APIs) such as for
example: prostaglandin analogs (e.g. latanoprost, unopros-
tone, travoprost, bimatoprost, tafluprost), g-blockers, (e.g.
timolol, brimonidine), cabonic anhydrase inhibitors (e.g.
acetazolamide, dorzolamide, methazolamide, brinzol-
amide), antihistamines (e.g. olopatadine, levocabastine),
corticosteroids (e.g. loteprednol, prednisolone, dexametha-
sone), fluorquinolone antibiotics (e.g. moxifloxacin, gati-
floxacin, ofloxacin, levofloxacin), aminoglycoside antibiot-
ics (e.g. tobramycin), macrolide antibiotics (e.g.
azithromycin), VEGF-1hibitors (e.g. ranibizumab, bevaci-
zumab, atlibercept), macrolide i1mmunsuppressants (e.g.
cyclosporine, tacrolimus, sirolimus), NSAIDs (e.g. bro-
mienac, nepaifenac, diclofenac, ketorolac).

In a preferred embodiment, the liquid composition (2) to
be topically adminmistered according to present invention
comprises a liquid semifluorinated alkane or a mixture of
two or more diflerent semitluorinated alkanes.

The term “semifluorinated alkane” (also referred to as
“SFA” throughout this document) refers to a linear or
branched compound composed of at least one perfluorinated
segment (F-segment) and at least one non-fluorinated hydro-
carbon segment (H-segment). More preferably, the semuii-
luorinated alkane 1s a linear or branched compound com-
posed of one perfluorinated segment (F-segment) and one
non-fluorinated hydrocarbon segment (H-segment). Prefer-
ably, said semifluorinated alkane 1s a compound that exists
in a liquid state at least at one temperature within the
temperature range of 4° to 40° C., with the perfluorinated
segment and/or the hydrocarbon segment of the said SFA
optionally comprising or consisting of a cyclic hydrocarbon
segment, or optionally said SFA within the hydrocarbon
segment comprising an unsaturated moaiety.

Preferably, the F-segment of a linear or branched SFA
comprises between 3 to 10 carbon atoms. It 1s also preferred
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that the H-segment comprises between 3 to 10 carbon atoms.
It 1s particularly preferred that the F- and the H-segment
comprise, but independently from one another, 3 to 10
carbon atoms. Preferably, each segment independently from
another 1s having carbon atoms selected from the range of 3
to 10.

It 1s further preferred, that the F-segment of a linear or
branched SFA comprises between 4 to 10 carbon atoms
and/or that the H-segment comprises between 4 to 10 carbon
atoms. It 1s particularly further preferred that the F- and the
H-segment comprise, but independently from one another, 4
to 10 carbon atoms. Preferably, each segment 1s indepen-
dently from another having carbon atoms selected from the
range of 4 to 10.

Optionally, the linear or branched SFA may comprise a
branched non-fluorinated hydrocarbon segment comprising
one or more alkyl groups selected from the group consisting
of —CH,, C,H., C;H, and C H, and/or the linear or
branched SFA may comprise a branched perfluorinated
hydrocarbon segment, comprising one or more perfluori-
nated alkyl groups selected from the group consisting of
—CF,, C,F., C;F, and C,F,.

It 1s further preferred that the ratio of the carbon atoms of
the F-segment and the H-segment (said ratio obtained by
dividing the number of carbon atoms in the F-segment by the
numbers of carbon atoms in the H-segment; e.g. said ratio 1s
0.75 for 1-perfluorohexvyloctane (F6HS)) of a linear or
branched SFA 1s 0.5, more preferably said ratio 1s 0.6. It 1s
turther preferred that the ratio of the carbon atoms of the
F-segment and the H-segment 1s 1n the range between 0.6
and 3.0, more preferably said ratio 1s between 0.6 and 1.0.

In a preferred embodiment of the present invention the
semifluorinated alkane refers to a linear compound com-
posed of at least one pertluorinated segment (F-segment)
and at least one hydrocarbon segment (H-segment). More
preferably, said semitluorinated alkane 1s a linear compound
composed of one perfluorinated segment (F-segment) and
one hydrocarbon segment (H-segment).

According to another nomenclature, the linear semifluo-
rinated alkanes may be referred to as FnHm, wherein F
means the pertluorinated hydrocarbon segment, H means the
non-fluorinated hydrocarbon segment and n, m 1s the num-
ber of carbon atoms of the respective segment. For example,
F4HS5 1s used for 1-perfluorobutylpentane.

Preferably, the F-segment of a linear SFA comprises
between 3 to 10 carbon atoms. It 1s also preferred that the
H-segment comprises between 3 to 10 carbon atoms. It 1s
particularly preferred that the F- and the H-segment com-
prise, but independently from one another, 3 to 10 carbon
atoms. Preferably, each segment independently from another
1s having carbon atoms selected from the range of 3 to 10.

It 1s further preferred, that the F-segment of a linear SFA
comprises between 4 to 10 carbon atoms and/or that the
H-segment comprises between 4 to 10 carbon atoms. It 1s
particularly further preferred that the F- and the H-segment
comprise, but independently from one another, 4 to 10
carbon atoms. Preferably, each segment 1s independently
from another having carbon atoms selected from the range
of 4 to 10.

Optionally, the linear SFA may comprise a branched
non-tfluorinated hydrocarbon segment comprising one or
more alkyl groups selected from the group consisting of
—CH,, C,H,, C ;H, and C,H, and/or the linear SFA may
comprise a branched perfluorinated hydrocarbon segment,
comprising one or more perfluorinated alkyl groups selected
from the group consisting of —CF,, C,F., C,F, and C,F,.
It 1s further preferred that the ratio of the carbon atoms of the
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F-segment and the H-segment (said ratio obtained by divid-
ing the number of carbon atoms in the F-segment by the
numbers of carbon atoms 1n the H-segment; e.g. said ratio 1s
0.75 for 1-pertluorohexyloctane (F6HS)) of a linear SFA 1s
0.5, more preferably said ratio 1s 20.6. It 1s further preferred
that the ratio of the carbon atoms of the F-segment and the
H-segment 1s 1n the range from 0.6 to 3.0, more preferably
said ratio 1s 1n the range from 0.6 to 1.0.

Preferably, the semifluorinated alkane i1s a linear com-
pound of the formula F(CF,) (CH,), H wherein n and m are
integers independently selected from the range of 3 to 10,
more preferably the semifluorinated alkane 1s a linear com-
pound of the formula F(CF,) (CH,), H wherein n and m are
integers imdependently selected from the range of 4 to 10.
Even more preferred the semitluorinated alkane 1s a liquid of
the formula F(CF,) (CH,) H wherein n and m are integers
independently selected from the range of 4 to 10.

Preferably, the linear SFA 1s selected from the group
consisting of F4H4, F4HS, F4H6, F4H7, F4HS, FS5H4,
F5HS, F5H6, FSH7, FSHS, F6H2, F6H4, F6H6, FO6HTY,
F6HS, F6H9, F6HI10, F6HI12, F8HS, F8HI10, F8HI2,
F10H10, more preferably said linear SFA 1s selected from
the group consisting of F4H4, F4H5, F4H6, F5H4, F5HS,
F5H6, F5H7, FSHS, F6H2, F6H4, F6H6, F6H7, FO6HS,
F6H9, F6H10, F8HS, F8H10, F8H12, F10H10, even more
preferably the linear SFA 1s selected from the group con-
sisting of F4H4, F4HS5, F4H6, F5SH4, F5HS, FSH6, FSH7,
F5HS, F6H4, F6H6, F6H7 F6HS, F6HO, F6H10 F8HS,
F8HI10, F8HI12, F10H10, most preferably the linear SFA 1s
selected from the group consisting ol F4H4, F4H5, F4H6,
F5HS, F5H6, FSH7, FSHS, F6H6, F6H7, F6HS, FO6HO,
F6H10, F8HS, F8H10, F8HI12, F10HIO0. In a further pre-
ferred embodiment, the linear SFA 1s selected from the
group consisting of F4HS3, F4H6, FSH6, FSH7, F6H6, F6H7,
F6HS. In an even further preferred embodiment the linear
SFA 1s selected from F4HS5 and FO6HS.

The liquid composition (2) to be administered by the
method of the present invention may optionally comprise
water. In a preferred embodiment, however, the liquid
composition 1s water-free or at least substantially water-iree.
When comprising water the liquid composition may be a
aqueous composition, typically comprising water up to
approximately 99% by weight of the final composition or
alternatively the liquid composition may be an emulsion,
typically comprising up to approximately 90% by weight of
the final composition, more typically approximately 0.01 to
80%, even more typically approximately 0.01 to 50%.

The liquid composition (2), preferably the substantially
water-free solution comprising a liquid semifluorinated
alkane or a mixture of two or more diflerent semitluorinated
alkanes to be administered usually has a density measured at
25° C. in the range of 0.7 to 1.9 g/cm’, preferably in the
range of 1.0 and 1.7 g/cm’, more preferably in the range of
1.2 to 1.4 g/cm?. The viscosity of the liquid composition (2)
measured at 25° C. versus air usually may be in the range of
0.3 to 5.2 mPa s, preferably in the range of 0.9 to 4.0 mPa
s, more preferably 1n the range of 1.0 to 3.5 mPa s.

The surface tension of the liquid composition (2) versus
air measured at 25° C. usually 1s 1n the range of 15 to 75
mN/m, preferably 1n the range of 15 to 30 mN/m, more
preferably 1n the range of 15 to 23 mN/m.

Further, the composition utilized in the method of the
present mvention may comprise one or more active phar-
maceutical ingredient (APIs) or alternatively may not com-
prise does or does not comprise an active pharmaceutical
ingredient. Examples of liquid ophthalmic compositions are

listed 1n Table 2.

10

15

20

25

30

35

40

45

50

55

60

65

14

According to the present invention a broad range of
dropper configurations can be utilized when practicing the
administration method according to the present mmvention
(underpressure method). Examples of such droppers are
listed 1 Table 1, with 1ts dropper bottle configurations listed
in Table 2. The dropper bottle (1) may comprise configura-
tions ol the dropper part (1A) and the bottle part (1B) as
defined above.

In still a further embodiment of the first aspect of the
invention, the administration method optionally further
comprises the steps:

1) inverting the drop dispenser or dropper bottle (1) as to
return to an upright position, thereby sucking air from
environment through the outtlow channel (8) into the
interior volume, as to eflect underpressure reliet 1n the
dropper bottle (1);

1) closing and storing the drop dispenser or dropper bottle
(1);

k) optionally repeating steps a) to j).

In a second aspect, the invention relates to the use of the
method according to the first aspect of the mvention for
preventing or treating an ocular disease or any symptoms or
conditions associated therewaith.

The term “ocular disease” as used herein refers to a
disease or a disorder of the eye, including disorders or
diseases of the eyelid, lacrimal system, orbit, conjunctiva,
sclera, cornea, 1ris, ciliary body, lens, choroid or retina,
including disorders classified by WHO according to ICD
codes HOO-HO6, H10-H13, H15-H22, H25-H28, H30-H36,
H40-H42, H43-H45, H46-H48, H49-H32, H53-H54, HS35-
HS9.

Generally, the administration of the ophthalmic compo-
sition (2) according to the method of the present invention
may be carried out regularly, such as up to once per week,
or up to once perdayorup to 8,7, 6, 5, 4, 3 or up to 2 times
per day.

In a third aspect, the mvention relates to a method of
treating an ocular disease or any symptoms or conditions
associated therewith comprising dropwise administration a
liquid ophthalmic composition according to the method of
the first aspect of the present invention.

In a fourth aspect, the present invention relates to a drop
dispenser (1), comprising,

a container part (1B) with an interior volume partially
filled with the liquid composition (2) and a gaseous
phase (3) filling the remainder of the interior volume at
ambient pressure, the container part (1B) having a
displaceable section (1C) and optionally a substantially
stationary section, and

a dropper part (1A) 1n physical connection and 1n fluid
communication with the interior volume of the con-
taimner part (1B), comprising an outtlow channel (3),
connecting the interior volume of the container part
(1B) to the environment; wherein at least a portion of
the outflow channel (5) has an i1nner diameter in the
range of 0.09 to 0.19 mm.

The drop dispenser (1) according to this aspect of the
invention 1s particularly suitable and can preferably be
adapted to be used 1n the administration method according
to the first aspect of the invention. However, 1t should be
understood the drop dispenser according to this aspect of the
invention can also be used independently of the administra-
tion method according to the first aspect of the invention.
Accordingly, as the drop dispenser provided 1n step a) of the
present mvention, it comprises a container part (1B) and a
dropper part (1A) which are as described 1n connection with
the first aspect of the mvention.




US RES0,000 E

15

The container part (1B) preferably also has a displaceable
section (1C) and also holds a gaseous phase (3) which fills
the remainder of the interior volume which 1s not filled with
the liquid composition (2), whereas the terms displaceable
section (1C), gaseous phase and liquid composition are also >
as defined in connection with the drop dispenser provided 1n
the first aspect of the invention.

Furthermore, the drop dispenser of the present aspect of
the invention has a dropper part (1A) as the one provided for
in step a) of the present administration method. The “drop-
per part” 1s the portion of the drop dispenser through which
the liguid composition (2) 1s discharged from the container
part (1B) and subsequently administered. It 1s physically
connected to the container part (1B) and connects the
interior volume of the container part (1B) to the environment
through an outflow channel (5) through which the liquid
composition (2) to be administered 1s discharged. In this
embodiment also, the outtlow channel may optionally com-
prise a drop brake channel (6) which elongates the outtlow 2¢
channel turther mto the mterior volume of the container part
(1B).

The term “outflow channel (5)” as used 1n connection
with this embodiment of the invention refers to a channel-
like device that connects the interior volume of the dropper 25
bottle (1) to the environment, safeguarding the fluid (or
gaseous) communication between interior volume and the
environment. Herein, the outflow channel (5) 1s delimited at
its distal end by the duct opening (4) located inside the
interior volume of the dropper bottle and by the dropper 30
mouth (7) at 1ts very proximal end located outside the
interior volume of the dropper bottle. Upon administration,
the liquid, preferably the liquid ophthalmic composition 1s
delivered from interior volume through the outtflow channel
(5) to the dropper mouth (7), where the composition 1s 35
released 1n a drop-by-drop manner.

The drop dispenser according to this aspect of the inven-
tion 1s characterized 1n that at least a portion of the outflow
channel (5) has an inner diameter in the range 01 0.09 t0 0.19
mm, preferably in the range of from about 0.10 to about 0.18 40
mm, more preferably from about 0.11 to about 0.17 mm,
even more preferably from about 0.12 to about 0.16 mm, yet
more preferably from about 0.13 to about 0.16 mm or even
from about 0.14 to about 0.16 mm and most preferably of
about 0.15 mm. The term “at least a portion of” the outtlow 45
channel means that either the whole channel over 1ts entire
length has an mner diameter 1n the described range or that
only a portion, part or fraction of the outtlow channel has an
inner diameter 1n the defined range or ranges. For example,
about 75% or less, 60% or less, 50% or less or even 40%., 50
30% or even only 23% or less of the total length of the
outtlow channel (5) may have an inner diameter in the range
as defined above. In other embodiments, only a small
portion, such as only 20% or less or even only 10% or less
of the total length of the outflow channel may have an inner 55
diameter in the range as defined above.

In a preferred embodiment, the duct opening (4) of the
outflow channel has an inner diameter in the range of 0.09
to 0.19 mm, preferably in the range of from about 0.10 to
about 0.18 mm, more preferably from about 0.11 to about 60
0.17 mm, even more preferably from about 0.12 to about
0.16 mm, yet more preferably from about 0.13 to about 0.16
mm or even Irom about 0.14 to about 0.16 mm and most
preferably of about 0.15 mm. In yet further embodiments,
the duct opening (4) and a portion of the outflow channel () 65
beginning at the duct opening have an mner diameter 1n the
range of 0.09 to 0.19 mm.
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In this aspect of the mvention also, the outtlow channel
(5) may have diflerent cross-sectional shapes, such as cir-
cular, elliptic, rectangular or quadratic or the like, however,
it 1s preferably a circular channel. In cases 1n which the duct
channel does not have a circular cross-sectional shape the
term “inner diameter” 1s to be understood as the largest
diameter of such particular shape. Preferably, the outtlow
channel (5) has different diameters at its distal end (duct
opening (4)) and at 1ts proximal end (dropper mouth (7)). In
one embodiment, the diameter at the distal end (duct open-
ing (4)) 1s smaller than the diameter at the proximal end
(dropper mouth (7)). In this embodiment, the outflow chan-
nel 1s narrowing from the proximal dropper mouth (7) to the
distal duct opening (4). In still a further embodiment, the
diameter at the distal end (duct opening (4)) 1s larger than the
diameter at the proximal end (dropper mouth (7)).

The term “duct opening (4)” of the dropper bottle as used
herein refers to the most distal end of the outflow channel
(5). Accordingly, the duct opening (4) 1s preferably circular
and/or has a preferred diameter which may also be 1n the
range of from 0.09 to 0.19 mm or, 1 cases 1 which the
portion of the outtlow channel (5) having an inner diameter
o1 0.09 to 0.19 mm does not comprise the duct opening (4),
preferably the inner diameter of the duct opening (4) 1s 1n the
range of from 0.2 to 0.5 mm, more preferably its diameter
1s 1n the range of from 0.2 to 0.3 mm.

The term “dropper mouth™ (7) as used 1n this embodiment
refers to the most proximal end of the outflow channel (5),
where the drops to be released are formed. The diameter of
the dropper mouth (7) 1s preferably circular and/or its
diameter 1s preferably in the range of 1 to 5 mm, preferably
its diameter 1s 1n the range of 2 to 3 mm, more preferably 1ts
diameter 1s in the range of 2.0 to 2.6 mm, even more
preferably its diameter 1s 1n the range of about 2.0 to 2.4 mm.

In a particularly preferred embodiment, the duct opening
(4) of the outflow channel has an mner diameter of about
0.15 mm and the diameter of the dropper mouth (7) 1s about
2.0 to 2.4 mm, preferably about 2.4 mm. In yet a further
particularly preferred embodiment the duct opening (4) of
the outflow channel has an inner diameter of about 0.15 mm
and the inner diameter of the rest of the outtlow channel
including the dropper mouth (7) 1s about 2.0 to 2.4 mm,
preferably about 2.4 mm. In both embodiments, the duct
opening (4), the outflow channel (5) and/or the dropper
mouth (7) preferably has a circular cross-sectional shape.

According to this aspect of the imnvention also, it 1s to be
understood that the optional drop brake channel (6), i
present, does not form part of the outflow channel (5) which
extends from the duct opeming (4) and therefore does not
contribute to the total length of the outtlow channel (5).

One advantage of the reduced diameter of at least a
portion of the outtlow channel of the drop dispenser accord-
ing to the present aspect of the invention is that the undesired
spontaneous outflow or drop-formation of the liquid com-
position, preferably the liquid ophthalmic composition can
be reduced significantly for aqueous as well as non-aqueous
compositions. Especially 1n cases ol non-aqueous composi-
tions, especially for SFA-contaiming compositions this has
been found to be particularly beneficial.

It has been found that for practical purposes a range of
0.09 to 0.19 mm of at least a portion of the outtlow channel
1s preferable as 1t combines significantly reduced spontane-
ous outtlow with acceptable forces necessary to press the
liquid composition through the outtlow channel (3). Particu-
larly 1 view of a possible use of the disclosed drop
dispenser (1) characterized by least a portion of the outtlow
channel (3) having an mner diameter in the range of 0.09 to
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0.19 mm 1n an administration method according to the first
aspect of the mnvention this has been shown of considerable
importance for e.g. elderly or disabled users.

Furthermore, 1t has been found that the drop dispenser
according to the present aspect of the invention offers higher
precision and reproducibility of the drop sizes and volumes
to be dispensed, independent of the temperature of the drop
dispenser, liquid composition and/or the environment as
well as the actual filling level of the drop dispenser or
“headspace” above the liqud composition in the drop dis-
penser.

The outflow channel (3) with at least a portion having an
inner diameter 1n the range of 0.09 to 0.19 mm according to
this aspect of the mvention can be produced by standard
techniques, such as laser drilling or welding.

In a fifth aspect, the present invention relates to a kat
comprising

a drop dispenser (1) at least partially filled with a liquid
composition (2) and a gaseous phase (3) for the use 1n
a method according to the first aspect of the invention
and

directions for use of the drop dispenser (1) 1n a method
according to the first aspect of the mvention.

The directions or 1nstructions for use comprised by the kit
according to this aspect of the mvention may be in in any
form suited to mnstruct the user how to perform the topical
administration method according to first aspect of the inven-
tion (underpressure method). It may be 1n any readable or
tangible form, preferably in printed form or 1n any machine-
or computer-readable form preferably 1n form of a machine-
readable optical label such as, for example, a barcode or a
QR-code. In a particularly preterred embodiment the direc-
tions for use are provided in form of an nstruction leaflet,
product or package insert or as an enclosed label. Preferably
the directions or instructions for use are provided 1n printed
form, for example 1n form of a printed label, which may be
provided together with the drop dispenser (1) or dropper
bottle (1) to be used according to the method of the first
aspect of the mnvention. For example, such a label may be
packaged together with the said drop dispenser (1) or
dropper bottle (1).

In summary, the present invention comprises the follow-
ing numbered items:

1. A method for dropwise topical administration of a liquid
composition (2), comprising the steps of:

a) providing a drop dispenser (1), comprising

a container part (1B) with an interior volume partially
filled with the liquid composition (2) and a gaseous
phase (3) filling the remainder of the mterior volume
at ambient pressure, the container part (1B) having a
displaceable section (1C) and optionally a substan-
tially stationary section, and

a dropper part (1A) 1n physical connection and 1n tluid
communication with the interior volume of the con-
tainer part (1B), comprising an outflow channel (5),
connecting the iterior volume of the container part
(1B) to the environment;

b) exerting a first force to the displaceable section (1C) of
the container part (1B) of the drop dispenser (1) while
holding the drop dispenser (1) 1n an upright position in
which the outflow channel (5) 1s not 1n contact with the
liquid composition (2), thereby reducing the interior
volume of the container part (1B) and forcing the
gaseous phase (3) of the interior volume at least par-
tially out of the drop dispenser (1) into the environ-
ment;
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¢) inverting the drop dispenser (1) to an inverted position
in which the liquid composition (2) 1s in contact with
the outflow channel (5);

d) releasing said first force from the displaceable section
(1C) of the container part (1B) at least partly, thereby
reducing the pressure inside the container part (1B)
below ambient pressure; and

¢) exerting a second force to the displaceable section (1C)
of the container part (1B), while still holding the drop
dispenser 1n the mverted position in which the liquid
composition (2) 1s 1n contact with the outflow channel
(5), thereby raising the pressure mside the interior
volume of the container part (1B) above ambient pres-
sure and releasing the liquid composition (2) dropwise
from the dropper part (1A) of the drop dispenser (1).

2. The method according to 1tem 1, wherein the inversion of
the drop dispenser (1) to the inverted position according
to step (¢) and the release of the first force according to
step (d) 1s performed at least partly simultaneously.

3. The method according to any of the preceding items,
wherein the liquid composition comprises a liquid semi-
fluorinated alkane.

4. The method according to any of the preceding items,
wherein the liquid composition 1s a water-containing or a
water-free composition.

5. The method according to any of the preceding items,
wherein the outflow channel 1s narrowing from the proxi-
mal dropper mouth (7) to the distal duct opening (4).

6. The method according to an of the preceding items,
wherein the drops to be released are formed at the dropper
mouth (7) at the proximal end of the outflow channel (5).

7. The method according to any of the preceding items,
wherein the exerting a pressuring force 1s by manually
compressing (squeezing) the displaceable part or deform-
able wall part (1C).

8. The method according to any of the preceding items,
wherein the drop dispenser or dropper bottle 1n step (e) 1s
tilted 1n the mverted position during the dropwise release
of the composition, preferably the drop dispenser or
dropper bottle 1s tilted up to 90° 1n the mverted position,
more preferably the drop dispenser or dropper bottle 1s
tilted up to 45° 1in the 1nverted position, wherein the angle
1s measured between the normal axis of the drop dispenser
or dropper bottle and a perpendicular reference line.

9. The method according to any of the preceding items,
wherein air 1s sucked 1n from the environment through the
outtflow channel (8) into the terior volume of the con-
tainer or bottle part (1B), when said first pressuring force
1s released.

10. The method according to any of the preceding items,
wherein the underpressure 1n the interior volume of the
dropper bottle (1) prevents unintentional and/or uncon-
trolled release of liquid composition (2) from the dropper
mouth (7) through the outtlow channel (3).

11. The method according to any of the preceding items,
wherein the dropper part (1A) comprises a drop brake
channel (6), preferably with a circular cross section,
extending the outflow-channel (5) from the duct opening
(4) 1into the terior volume of the container or bottle part
(1B).

12. The method according to any of the preceding items,
wherein the duct opening (4) 1s preferably circular and/or
has a preferred diameter in the range of from 0.15 to 1.2
mm, more preferably in the range of from 0.18 to 0.5 mm,
and even more preferably in the range of from 0.2 to 0.3
mm.
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13. The method according to any of the preceding items,
wherein the diameter of the dropper mouth (7) 1s between
1 and 5 mm, preferably 1ts diameter 1s between 2 and 3
mm, more preferably its diameter 1s between 2.0 and 2.6
mm, even more preferably its diameter 1s about 2.0 to 2.4 9
mm.

14. The method according to any of the preceding items,
wherein the diameter of the dropper brake channel (6) 1s
larger than the diameter of the duct opening (4).

15. The method according to any of the preceding items,
wherein the dropper part (1A) and the container part or
bottle part (1B) are manufactured from plastic material,
preferably from polypropylene or polyethylene.

16. The method according to any of the preceding items,
wherein the bottle part (1B) 1s manufactured with the
deformable wall part (1C) being manually deformable,
preferably the deformable wall part (1C) having a wall
thickness of between 0.4 and 1.6 mm, preferably having
a wall thickness of between 0.5 and 1.0 mm, more >0
preferably having a wall thickness of between 0.6 and 0.8
mm.

17. The method according to any of the preceding items,
wherein the gaseous phase (3) comprises air and/or an
inert gas, such as nitrogen or argon. 25

18. The method according to any of the preceding items,
wherein the liquid composition (2) 1s characterized by a
density measured at 25° C. 1n the range of 0.7 to 1.9
g/cm’, preferably in the range of 1.0 and 1.7 g/cm?, more
preferably in the range of 1.2 to 1.4 g/cm”. 30

19. The method according to any of the preceding items,
wherein the composition 1s characterized by a viscosity
measured at 25° C. versus air 1n the range be in the range
of 0.3 to 5.2 mPa s, preferably 1n the range of 0.9 to 4.0
mPa s, more preferably in the range of 1.0 to 3.5 mPa s. 35

20. The method according to any of the preceding items,
wherein the composition i1s characterized by a surface
tension versus air measured at 25° C. 1s 1n the range of 15
to 75 mN/m, preferably in the range of 15 to 30 mN/m,
more preferably in the range of 15 to 23 mN/m. 40

21. The method according to any of the preceding items,
wherein the liquid composition (2) comprises a liquid
linear or branched semifluorinated alkane composed of
one perfluorinated segment and one non-tfluorinated
hydrocarbon segment, preferably each segment indepen- 45
dently having carbon atoms selected from the range of 4
to 10.

22. The method according to any of the preceding items,
wherein the semifluorinated alkane 1s a liquid of the
tormula F(CF,) (CH,), H wherein n and m are integers 50
independently selected from the range of 4 to 10.

23. The method according any of the preceding items,

wherein the semifluorinated alkane 1s a liqud selected
from the group consisting of F4H4, F4HS5, F4H6, F4H,

F4H8, FSH4, FSHS, FSH6, FSH7, FSHE, F6H2, F6H4, 55
F6H6, F6H7, F6HS8, F6H9, F6HI10, F6HI12, F8HS,
F8H10,

F8HI12, F10HI10, more preferably said linear SFA 1s
selected from the group consisting of F4H5, F4H6, F5H6,
F5H7, F6H6, F6H7, F6H8 most preferably the semitluori- 60
nated alkane 1s selected from F4HS and FO6HS.

24. The method according to any of the preceding items,
wherein the composition i1s 1 form of a solution or a
suspension or in form of an emulsion.

25. The method according to any of the preceding items, 65
wherein the liquid composition does or does not comprise
a pharmaceutical active ingredient.
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26. The method according to any of the preceding items,
wherein the composition further comprises one or more
excipients.

2’7. The method according to any of the preceding items,
turther comprising the step: 1) dropwise administering the
composition to the eye, preferably to the eye lid, eye sac
or an ophthalmic tissue of a subject in need thereof.

28. The method according to 1tem 27, wherein the admin-
istering of the ophthalmic composition (2) 1s carried out
up to once per week, or up to once per day or up to 8, 7,
6, 5,4, 3 or up to 2 times per day.

29. The method according to any of the preceding items,
turther comprising the steps:

o) releasing the second pressuring force from the dis-
placeable part (1C) of the container or bottle part (1B),
while still holding the drop dispenser or dropper bottle
respectively 1n the mverted position, thereby stopping
the release of the liqud composition (2), and

h) optionally exerting one or more further pressuring
force(s) to the displaceable or deformable wall part
(1C) of the container or bottle part (1B), while still
holding the drop dispenser or dropper bottle 1n an
inverted position, thereby releasing further liquid com-
position (2) 1n a dropwise manner from the dropper part
(1A) and subsequently releasing the one or more fur-
ther pressuring force(s) from the displaceable part (1C)
of the container or bottle part (1B).

30. The method according to item 29, further comprising the
steps:

1) inverting the drop dispenser or dropper bottle (1) as to
return to an upright position, thereby sucking air from
environment through the outtlow channel (3) into the
interior volume, as to eflect underpressure relief in the
dropper bottle (1);

1) closing and storing the drop dispenser or dropper bottle
(1);

k) optionally repeating steps a) to j).

31. The method according to any of the preceding items,
wherein the drop dispenser (1), comprises
a container part (1B) with an interior volume partially

filled with the liguid composition (2) and a gaseous
phase (3) filling the remainder of the interior volume at
ambient pressure, the contaimner part (1B) having a
displaceable section (1C) and optionally a substantially
stationary section, and

a dropper part (1A) 1n physical connection and 1n fluid
communication with the interior volume of the con-
taimner part (1B), comprising an outtlow channel (3),
connecting the interior volume of the container part
(1B) to the environment; wherein at least a portion of
the outtlow channel (5) has an inner diameter 1n the
range of 0.09 to 0.19 mm.

32. Use of a method according to any of the preceding items
for preventing or treating an ocular disease or any symp-
toms or conditions associated therewith.

33. Method of treating an ocular disease or disorder or any
symptoms or conditions associated therewith, comprising
dropwise administration of a liquid ophthalmic composi-
tion according to the method of any of the preceding
items.

34. A drop dispenser (1), comprising
a container part (1B) with an interior volume partially

filled with the liquid composition (2) and a gaseous
phase (3) filling the remainder of the interior volume at
ambient pressure, the container part (1B) having a
displaceable section (1C) and optionally a substantially
stationary section, and
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a dropper part (1A) in physical connection and in fluid
communication with the interior volume of the con-

tamner part (1B), comprising an outtlow channel (5),
connecting the interior volume of the container part

(1B) to the environment; wherein at least a portion of 5

the outflow channel (5) has an 1nner diameter 1n the
range of 0.09 to 0.19 mm.
35. A kit comprising
a drop dispenser (1) at least partially filled with a liquid
composition (2) and a gaseous phase (3) for the use 1n
a method according to the method of any of items 1 to
30 and
directions for use of the drop dispenser (1) in a method
according to the method of any of 1tems 1 to 30.
36. The kit according to 1tem 34, wherein the directions for
use are provided in form of an instruction leaflet, product
or package insert or as an enclosed label.

DESCRIPTION OF THE DRAWINGS

[.ist of Reference Numerals

1 drop dispenser or dropper bottle
1A dropper part of the drop dispenser or dropper bottle
1B container part of the drop dispenser or bottle part of the
dropper bottle
1C displaceable section of the container part or dropper
bottle
2 liguad composition
3 gaseous phase
4 duct opening of the outtlow channel
5 outtlow channel
6 drop brake channel
7 dropper mouth of the outtlow channel
FIG. 1(A) shows a schematic representation of a drop
dispenser (1) or a dropper bottle (1) 1n the upright position
with the dropper mouth (7) facing upwards. The drop
dispenser or dropper bottle (1) comprises a container or
bottle part (1B) and a dropper part (1A). The container part
or bottle part (1B) comprises an interior volume that 1s at
least partially filled with the liquid ophthalmic composition
(2). The remainder of the interior volume of the container or
bottle part (1B) 1s filled with a gaseous phase (3). The wall
ol the container or bottle part has a displaceable section (1C)
to allow a pressuring force to compress the interior volume
(c.g. by manual squeezing). The dropper part (1A) 1s
mounted onto the container or bottle part (1B), connecting,
the terior volume of the bottle part (1B) via the optional
drop brake channel (6) and via the outflow channel (5) with
the environment. Herein, the fluid communication of the
interior volume of the container or bottle part (1B) to the
environment 1s eflected 1n sequential order (from distal to
proximal end) by the optional drop brake channel (6) and the
outtlow channel (5). The outtlow channel (5) 1s delimited by
the duct opening (4) at the distal end and by the dropper
mouth (7) at the proximal end. In this upright position the
liguid composition (2) does not contact the neither the
outtlow channel (5) nor the optional drop brake channel (6).
FIG. 1(B) 1s a schematic representation of the dropper part
(1A) of the drop dispenser or dropper bottle (1), showing the
diameter positions of the optional dropper brake channel (6),
of the duct opening (4) and of the dropper mouth (7).
FIG. 2(A) shows a schematic representation of a slightly
different configuration of the drop dispenser or dropper
bottle (1) in the upright position (with the dropper mouth (7)
facing upwards) comprising a bottle or container part (1B)
and a dropper part (1A). The bottle part (1B) comprises an
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interior volume that 1s at least partially filled with the liquid
ophthalmic composition (2) and the remainder of the interior
volume of the bottle part (1B) 1s filled with a gaseous phase
(3). The wall of the bottle part (1C) 1s deformable as to allow
a pressuring force to compress the nterior volume (e.g. by
manual squeezing). The dropper part (1A) 1s mounted onto
the bottle part (1B), connecting the interior volume of the
bottle part (1B) via the optional drop brake channel (6) and,
via the outtlow channel, (5) with the environment. Herein,
the fluid communication of the mterior volume of the bottle
part (1B) to the environment 1s effected 1n sequential order
(from distal to proximal end) by the optional drop brake
channel (6) and the outflow channel (5). The outtlow chan-
nel (5) 1s delimited by the duct opening (4) at the distal end
and by the dropper mouth (7) at the proximal end. In contrast
to the schematic representation of FIG. 1 the diameter of the
outflow channel (5) 1s not increasing continuously 1n direc-
tion from the duct opening (4) to the dropper mouth (7) of
the outflow channel.

FIG. 2(B) shows an enlarged schematic representation of
the modified dropper part (1A) according to FIG. 2(A),
showing the diameter positions of the optional dropper brake
channel (6), of the duct opening (4) and of the dropper
mouth (7).

FIG. 3(A) shows a schematic representation of the drop
dispenser or dropper bottle (1) 1n the inverted position (with
the dropper mouth (7) facing downwards) when a conven-
tional method (e.g. pressure method or inversion method)
known from administration of water-based ophthalmic com-
positions 1s applied for the administration of an ophthalmic
compositions comprising a SFAs: As can be seen the outtlow
channel (5) 1s filled with the SFA-comprising ophthalmic
composition and the liquid composition (2) 1s unintention-
ally (uncontrolled) released from the dropper mouth (7) 1n a
dropwise or non-dropwise fashion. This usually 1s the case
when applying the known pressure method or the known
inversion method without exerting a pressuring force to the
deformable wall part of the dropper bottle (1C) while the
dropper bottle (1) 1s (still) 1n the upright position.

FIG. 3(B) shows a schematic representation of the drop-
per bottle (1) in the inverted position when the method
according to the first aspect of the present invention (under-
pressure method) 1s applied for administration of an oph-
thalmic composition comprising SFAs: Thereby, the under-
pressure 1n the interior volume of the dropper bottle (1)
prevents uncontrolled and unintentional release of liquid
composition (2) from the dropper mouth (7) through the
outflow channel (5). Only when a second pressuring force 1s
exerted to the deformable wall part (1C) of the dropper
bottle drops of the liquid composition (2) comprising an SFA
are released in controlled manner from the drop dispenser
(1). According to the present invention, the underpressure
generated 1n the interior volume (mainly 1 the gaseous
phase (3) of the bottle part (1B) warrants that uncontrolled
(unintentional) release of drops of compositions comprising,
SFAs 1s prevented eflectively.

FIG. 4 1s a schematic representation of the administration
method of the present invention (underpressure method)
comprising sequentially the steps a) to e) as described
above:

FIG. 4(A) schematically shows the starting position with
the dropper bottle (1) 1n the upright position, with no
underpressure present in the interior volume of the bottle
part (1B), the dropper mouth (7) pointing upwards.

In FIG. 4(B) a first pressurizing force 1s exerted to the
deformable wall part of the bottle (1C) (said exerting of a
pressuring force depicted as arrows pointing towards the
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deformable wall part). By doing so, the interior volume of
the bottle part (1B) 1s compressed, thereby forcing the
gaseous phase (3) at least partially out of the dropper bottle
(1) through the optional drop brake channel (6) and the
outflow channel (5).

In FIG. 4(C) the first pressuring force still exerted to the
deformable wall part (1C), the dropper bottle (1) 1s inverted
into an mverted position with the dropper mouth (7) pointing
downwards and with the liquid composition contacting the
outflow channel (5) and the optional drop brake channel (6),
optionally partially filling the outflow channel (5) with the
liquid ophthalmic composition (2).

In FIG. 4(D) the dropper bottle (1) 1s still in the inverted
position and by releasing the first pressuring force from the
deformable wall part (1C) (said release of the pressuring
force depicted as arrows pointing away from the deformable
wall part), air 1s sucked from the environment into the
interior volume of the dropper bottle. The air and optionally
the liquid composition (2) already 1n the outflow channel (5)
sequentially flows through the outtflow channel (5), and the
optional drop brake channel (6) by force of the underpres-
sure generated 1n the interior volume of the bottle part (1B).

FIG. 4(E) shows the situation in which by exerting a
second pressuring force to the deformable wall part (1C) of
the bottle part (1B) (said exerting of a pressuring force
depicted as arrows pointing towards the deformable wall
part), with the dropper bottle (1) still 1n the mnverted (down-
side) position, the ophthalmic composition (2) 1s released
from the dropper bottle (1) 1n a controlled dropwise manner.
Upon release, the liquid ophthalmic composition (2) origi-
nating from the interior volume 1s sequentially flowing
through the optional dropper brake channel (6) and the
outflow channel (5), with the drops of the liquid composition
to be released forming at the proximal end of the outflow
channel (5), namely at the circular dropper mouth (7).

FI1G. 35 1s a schematic representation of an embodiment of
the administration method of the present invention (under-
pressure method), wherein the mnverting of the dropper
bottle (1) into the inverted position (FIG. 3C) and the release
of the pressuring force (FIG. 3D) 1s performed simultane-
ously. Thus, this embodiment of the present invention com-
prising sequentially the steps a) to e), wherein steps ¢) and
d) are performed simultaneously:

FIG. 5(A) shows the starting position according to step a)
of the method of the present invention. The dropper bottle
(1) 1n the upright position, with no underpressure present 1n
the interior volume of the bottle part (1B), the dropper
mouth (7) pointing upwards.

FIG. 5(B) shows the situation 1n which a first pressurizing
force 1s exerted to the deformable wall part of the bottle (1C)
(said exerting ol a pressuring force depicted as arrows
pointing towards the deformable wall part). By doing so, the
interior volume of the bottle part (1B) 1s reduced, thereby
forcing the gaseous phase (3) at least partially out of the
dropper bottle (1) into the environment, thereby sequentially
flowing through the optional drop brake channel (6) and the
outtlow channel (5).

In FIG. 5(D) the dropper bottle (1) 1s shown in the
inverted position after inversion and simultaneous release of
said first pressuring force (said release of a pressuring force
depicted as arrows pointing away from the deformable wall
part), with the dropper mouth (7) pointing downwards and
the liguid composition contacting the flow channel (5) and
the optional drop brake channel (6). Air (and optionally the
liquid composition (2) already 1n the outflow channel (3)) 1s
sucked from the environment into the interior volume of the
dropper bottle (1), by sequentially flowing through the
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outtlow channel (5) and the optional drop brake channel (6),
by force of the underpressure generated in the interior
volume of the bottle part (1B).

FIG. 5(E) shows the situation in which by exerting a
second pressuring force to the deformable wall part (1C) of
the bottle part (1B) (said exerting of a pressuring force
depicted as arrows pointing towards the deformable wall
part), with the dropper bottle (1) still in the inverted position,
the ophthalmic composition (2) 1s released from the dropper
bottle (1) 1n a controlled drop-by-drop manner. Upon
release, the liquud ophthalmic composition (2) originating
from the 1nterior volume 1s sequentially tlowing through the
optional dropper brake channel (6) and the outflow channel
(5), with the drops forming at the proximal end of the
outtlow channel (5), namely at the (circular) dropper mouth
(7).

FIG. 6 1s a schematic representation of alternative
embodiments in which the drop dispenser or dropper bottle
(1) 1s 1n the mverted position allowing controlled dropwise
release of liquid ophthalmic compositions according to the
administration method of the present invention.

In FIG. 6(A) a situation 1s shown in which by exerting a
second pressuring force to the deformable wall part (1C) of
the bottle part (1B) (said exerting of a pressuring force
depicted as arrows pointing towards the deformable wall
part), with the dropper bottle (1) 1n a fully inverted position
the ophthalmic composition 1s released from the dropper
bottle (1) 1n a controlled dropwise manner. (with the dropper
mouth (7) pointing downwards and with the central axis of
the dropper bottle (depicted as dashed line) being 1n an about
perpendicular position and with the liquid composition (2)
contacting the outtlow channel (5).

FIG. 6 (b) shows a situation in which, by exerting a
second pressuring force to the deformable wall part (1C) of
the bottle part (1B) (said exerting of a pressuring force
depicted as arrows pointing towards the deformable wall
part), with the dropper bottle (1) in a tilted 1nverted position
the ophthalmic composition i1s released from the dropper
bottle 1n a controlled dropwise manner (with the dropper
mouth (7) pointing downwards and with the central axis of
the dropper bottle (depicted as dashed line) being 1n an about
45 to 90° angle 1n relation to the perpendicular position).

It 1s understood that according to the present invention the
release of the liquid ophthalmic composition 1n a dropwise
manner may be performed not only at said 2 exemplary
positions depicted i FIG. 6(A) or 6(B), but also at all
intermediate positions, namely at an angle of between 0° and
up to 90° compared to a perpendicular axis.

FIG. 7 shows a schematic representation of a dropper
bottle (1) comprising a bottle part (1B) and a dropper part
(1A).

In FIG. 7(A) an exemplary bottle part (1B) 1s shown,
comprising an interior volume that 1s at least partially filled
with the liquid ophthalmic composition (2) and a gaseous
phase (3) filing the remainder of the interior volume of the
bottle part (1B). The wall of the bottle part 1s deformable
(1C) as to allow a pressuring force (e.g. manual squeezing)
to compress the interior volume.

FIG. 7(B) shows an exemplary dropper part (1A) com-
prising sequentially from its distal to its proximal end a drop
brake channel (6) and an outflow channel (8), being 1n fluid
communication with each other, with the outflow channel
(5) being delimited at 1ts distal end by the duct opening (4)
and by the dropper mouth (7) at its proximal end.

FIG. 7(C) shows an exemplary dropper bottle (1) com-
prising said dropper part (1A) mounted onto the bottle part
(1B).
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FIG. 8 shows another exemplary dropper part (1A) com-
prising sequentially from its distal to its proximal end a drop
brake channel (6) and an outflow channel (5), being 1n fluid
communication with each other, with the outflow channel
(5) being delimited at 1ts distal end by the duct opening (4)
and by the dropper mouth (7) at 1ts proximal end. In this
particular embodiment, the duct opening (4) has a small
inner diameter of, e.g. 0.15 mm and the outflow channel has
a larger mner diameter which 1s increasing towards the
dropper mouth (7), 1.e. the proximal end of the outtlow
channel (5) to a diameter e.g. in the rage of 2.0 to 2.4 mm.

The following examples serve to illustrate the present
invention without, however, limiting i1t in any respect:

EXAMPLES

Example 1: NovaTears® Ophthalmic Composition

The liquid NovaTears® (Novalig GmbH, Germany) oph-
thalmic composition for treating dry eye disease, comprises
1 -Pertluorohexyloctane (F6HS8) and 1s provided in a dropper
bottle (1) with a polyethylene dropper part (1A) mounted to
a polypropylene bottle part (1B) for holding 3 ml of
NovaTlears®. The dropper part (1A) comprises an outflow
channel (5) with a dropper mouth (7) (diameter 2.4 mm) at
its proximal end and a duct opening (4) (0.3 mm diameter)
at 1ts distal end. The dropper part (1A) further comprises a
dropper brake channel (6) which extends the outtlow-chan-
nel (5) from the duct opening (4) into the interior volume of
the bottle part (1B). The outtlow channel (5) and the dropper
brake channel (6) are in fluid communication with the
interior volume of the bottle part (1B), allowing—upon
inverting of the dropper bottle (1)—the liquid ophthalmic
composition to flow from the interior volume to the proxi-
mal end of the outflow channel (5). Herein, the liquid first
f1lls the optional drop brake channel (6), before 1t enters into
the outtlow channel (8) at the duct opening (4) and continues
to the dropper mouth (7), where it 1s released as a drop.

Example 2: Administration of a SFA-Comprising
Ophthalmic Composition (NovaTears®) Employing
the Inversion Method

After opening the dropper bottle (1), the subjects head 1s
slightly tilted back, while looking upward. The lower eyelid
1s gently pulled downward, betfore the dropper bottle (1) 1s
positioned with the dropper part (1A) above the lower
eyelid. The dropper bottle 1s then inverted with the dropper
mouth (7) facing to the eye of the subject. By doing so, drops
are instantly released in an uncontrolled manner from the
dropper mouth (7). Dropping starts unintentionally with
drops being released 1in medium frequency. Dropping of the
bottle can only be stopped by reverting the bottle back to the
starting position.

Example 3: Administration of a SFA-Comprising
Ophthalmic Composition (NovaTears®) Employing
the Pressure Method

After opening the dropper bottle (1), the subjects head 1s
slightly tilted back, while looking upward. The lower eyelid

1s gently pulled downward, betfore the dropper bottle (1) 1s
positioned with the dropper part (1A) above the lower
eyelid. The dropper bottle (1) 1s then nverted with the
dropper mouth (7) facing to the eye of the subject and then
the deformable wall part (1C) of the bottle part (1B) 1s
slightly squeezed by hand. By doing so, drops are instantly
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released 1n an uncontrolled manner from the dropper mouth
(7). Dropping starts unintentionally with drops being
released 1n high frequency. Dropping of the bottle can only
be stopped by releasing the pressure force and reverting the
bottle back to the starting position.

Example 4: Administration of a SFA-Comprising
Ophthalmic Composition (NovaTears®) Employing

the Method of the Present Invention (Underpressure
Method)

After opening the dropper bottle (1), the subjects head 1s
slightly tilted back, while looking upward your head back
and look upward. The lower eyelid 1s gently pulled down-
ward, before the dropper bottle (1) 1s positioned with the
dropper part (1A) above the lower eyelid. While still 1n the
upright position the deformable wall part (1C) of the bottle
part (1B) of the dropper bottle (1) 1s slightly squeezed to
force some of the gaseous volume 1n the headspace of the
bottle part (1B) out of the dropper bottle (1). Then, the
dropper bottle (1) 1s mverted (with the dropper mouth (7)
facing down to the eye) and simultaneously the pressure 1s
released from the deformable wall part (1C), thereby gen-
erating an underpressure inside the interior volume of the
dropper bottle (1). Concomitantly, air {from the environment
1s sucked through the outflow channel (5) into the interior
volume. The underpressure generated prevents unintentional
or uncontrolled release of drops from the dropper bottle (1).
The controlled release of the composition 1n a drop-by-drop
manner 1s 1nitiated only when a second pressuring force 1s
applied to the deformable wall part (1C). Hereby, the num-
ber of drops to be released 1s easily controlled by the second
pressuring force. The dropping can be easily stopped by
release of said second pressuring force and re-mitiated by
re-applying one or more further pressuring forces to the
deformable wall part (1B) of the dropper bottle (1). Follow-
ing the steps above, the Nova'lears® ophthalmic composi-
tion 1s administered reliably to patients suflering from dry
eye disease (keratoconjunctivitis sicca).

Example 5: Administration of an Ophthalmic
Composition Comprising a SFA and an Active
Pharmaceutical Ingredient Employing the Method
of the Present Invention (Underpressure Method)

The liqud ophthalmic composition for treating dry eye
disease, comprising 1 mg/ml Ciclosporine A, dissolved in 1
wt-% ethanol 1n 1-Perfluorobutyl-pentane (F4H3J3) 1s pro-
vided 1n a dropper bottle (1) with a polyethylene dropper
part (1A) mounted to a polypropylene bottle part (1B).

Said cyclosporine-containing ophthalmic SFA-based-
composition (3) 1s administered as described 1n Example 4.
Herein, the underpressure generated prevents unintentional
or uncontrolled release of drops of the pharmaceutical
composition from the dropper bottle (1). The controlled
release of the composition 1 a drop-by-drop manner 1s
initiated only when a second pressuring force 1s applied to
the deformable wall part (1C). Hereby, the number of drops
to be released 1s easily controlled by said second pressuring
force. The dropping of the pharmaceutical composition can
be easily stopped by release of said second pressuring force
and re-imtiated by re-applying one or more further pressur-
ing forces to the deformable wall part (1B) of the dropper
bottle (1). Following the steps above, the ciclosporine-
containing ophthalmic composition 1s administered reliably
to patients suflering from dry eye disease (keratoconjuncti-
vitis sicca).
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Example 6: Parallel Testing of Different Liquid
Ophthalmic Compositions and Dropper Bottles

In the following, the administration method of the present

28

released 1n an uncontrolled fashion without applying a
second pressuring force to the deformable wall part of the
bottle and the number of drops released were recorded. Table
1: Dropper bottle configurations as employed in Example 6:

invention (underpressure method) 1s compared to the mver- 5
sion method. Herein, different liquud ophthalmic composi-
tions and different dropper bottle configurations were tested diameter
when using either the underpressure method or the mnversion dropper diameter dropper
method dropper, dropper mouth  duct brake
Experimental Procedure for the Underpressure Method (Ac- 10 dropper  manu-  bottle part  part  opening opening channel
cording to the Present Invention): type facturer (1B) (1A)  (7Ymm @)/mm  (6)
A dropper bottle (1) as listed 1n Table 1 below was
provided and filled with a liquid ophthalmic composition as 1 Packsys polypro- polyeth- 2.4 0.3 yes
identified 1n Table 2. Then the sidewalls as the deformable GmbH pylene  ylene
wall part (1C)) of the dropper bottle (1) were shightly 15 2 Packsys  polyeth- polyeth- 2.4 0.3 yes
squeezed to force the gaseous phase (3) partially out of the GmbH ylene ylene
dropper bottle (1). Afterwards, the bottles were nverted 3 Packsys  polypro- polyeth- 2.4 0.8 no
manually to an 1nverted position. During or after inversion GmbH pylene  ylene
of the dropper bottles the squeezing was stopped and the 4 Packsys  polypro- polyeth- 2.4 1.2 no
pressuring force was released, concomitantly generating 20 GmbH pylene  ylene
underpressure in the inner volume of the dropper bottle (1). 5 Packsys  polypro- polyeth- 2.4 0.2 yes
Finally, the inverted drop bottles were mounted on a suitable GmbH pylene  ylene
bottle holder at a fixed inclination versus the perpendicular 6 Systane ® n.d. n.d. n.d. n.d. yes
axis. During a period of 30 seconds 1t was observed if drops dropper
are unintentionally released 1n an uncontrolled fashion with- 25 7 Artelac ® n.d. n.d. n.d. n.d. yes
out applying a second pressuring force to the deformable dropper
wall part of the bottle and the number of drops released were (Bausch +
recorded. Lomb)
Experimental Procedure for the Inversion Method (not 8  Refresh® by  n.d. n.d. n.d. n.d. yes
According to the Present Invention): 30 Artelac ®
A dropper bottle (1) as listed 1n Table 1 below was dropper
provided and filled with a liquid ophthalmic composition as 9 Thealoz ® n.d n.d. n.d. n.d. n.d.
identified 1n Table 2. Then the dropper bottles were inverted Abak*
manually to an inverted position. Finally, the inverted drop 10 Nemera n.d n.d. n.d. n.d. n.d.
bottles were mounted on a suitable bottle holder at a fixed 35 Novelia ®**
inclination versus the perpendicular axis. During a period of
30 seconds 1t was observed 1f drops are unintentionally
TABLE 2
Formulation APL, dropper duct opening release of first dropping inversion method — underpressure
Solvent type excipients type  diameter/'mm pressuring force  angle successiul method successiul
FO6HR solution n.a. 1 0.3 after 0° no yESs
Inversion
FO6HS solution n.a. 1 0.3 after tilted no yes
Inversion (45°)
F4H5 solution n.a. 1 0.3 after 0° no yes
inverting
F4H5 solution n.a. 1 0.3 after tilted no yes
INversion (45°)
F4H5 solution cyclosporin 1 0.3 after 0° no yes
(0.1% w/v), Inversion
ethanol (1%
W/W)
F4H5 solution cyclosporin 1 0.3 after tilted no yes
(0.1% w/v), Inversion (45°)
ethanol (1%
W/ W)
FOHS solution n.a. 1 0.3 during 0° no yes
inversion
FOHSY solution 1.4a. 1 0.3 during tilted no yes
INVEersion (45°)
FOHSY solution 1.4a. 2 0.3 during 0° no yes
Inversion
FO6HR solution n.a. 2 0.3 during tilted no yESs
INVEersion (45°)
FO6HS solution n.a. 2 0.3 during tilted no yes
Inversion (45°)
F4H3 solution n.a. 3 0.8 during 0° no yes
inversion
F4H3 solution n.a. 4 1.2 during 0° no yes

Inversion



Solvent

water

F4H5

ethanol

F4H5

water

water

F4H5

F4H35
Propyl-
ethylen-

glycol

water

FO6HE

water

water

F4H5
F4H5
F4H5
F4H5
F4H5

F4H5

Formulation

type

solution

suspension

solution

solution

solution

solution

solution
solution

solution

solution

solution

solution

solution

solution
solution
solution
solution
solution

solution
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API,
excipients

11.4.

SUCIose
(0.025%
W/ W)
1.4a.

cyclosporin
(0.1 % w/v),
ethanol (1%
W/ W)
Systane ®
(commercial
eye drops)
Artelac ®
(commercial
eye drops)
1.4a.

11.4.

Refresh ®
(commercial
eye drops)
1.4a.

Thealoz ®
Duo
(commercial
eye drops)
Thealoz ®
Duo
(commercial
eye drops)
1.4a.

11.4.
11.4.
11.4.
11.4.

11.4.
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TABLE 2-continued

dropper duct opening release of first

type
4

10

10

diameter/mm pressuring force

1.2

0.3

0.2

0.2

11.4.

11.4.

11.4.

11.4.

0.2

11.4.

11.4.

11.4.

11.4.

11.4.

11.4.

0.3

0.3

0.3

0.3

during
Inversion

during
Inversion

during
InvVersion
during

inversion

during
1nversion

during
inversion

during
Inversion

during
Inversion

during
Inversion

during
1nversion

during
Inversion

during
Inversion

after
1nversion

during
Inversion
after
Inversion
during
Inversion
during
Inversion
after
Inversion
after
Inversion

Herein, the mnversion method or the underpressure method

were considered successiul (“yes”) when no drops within 30

seconds were unintentionally released from the dropper

mouth (7) of the dropper bottle 1n an uncontro.

without any pressure applied to the deformab.

led

tfashion

e wall part

(1C) of the dropper bottle (1). Further, “(yes)” in brackets

refers to only one drop unintentionally released within said

30 second observation period.

Example 7: Testing the Underpressure Method with
Different Volumes and Temperatures

According to the protocols as described under example 6
above for the mversion method and the underpressure
method, respectively, further measurements were carried out
at 21° C. and 5° C. with increasing gaseous phase (3)

(headspace volume) in the interior volume of the dropper
bottle (1). The results are listed 1n Table 3:

50

55
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65

dropping 1nversion method — underpressure

angle successiul method successful

0° (ves) yes

0° n.a. yes

0° (ves) yes

0° no yes

0° (ves) yes

0° no Ves

0° no yes

0° no yes

0 no no

0° no yes

0° no Ves

0° yes yes

0° yes yes

0° yes yes

0° yes yes

0° no yes

90° no yes

0 no Ves

90° no Ves

TABLE 3
COMpO- INVErsion under-
sition method pressure
Formula- dropper tempera- volume/ success- method

Solvent tion type type ture/° C. ml ful successiul
FO6HS solution 1 21 5 no Ves
F6HR solution 1 21 4 no yes
FO6HS solution 1 21 3 no Ves
FO6HS solution 1 21 2 no Ves
F6HE solution 1 21 1 no yes
F6HY solution 2 21 5 no yes
F6HY solution 2 21 4 no yes
F6HR solution 2 21 3 no yes
F6HR solution 2 21 2 no yes
F6HR solution 2 21 1 no yes
F6HS solution 1 5 5 no yes
FO6HS solution 1 5 4 no Ves
FO6HS solution 1 5 3 no Ves
F6HE solution 1 5 2 no yes
F6HY solution 1 5 1 no yes
F6HY solution 2 5 5 no yes
F6HR solution 2 5 4 no yes

30
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TABLE 3-continued
COMpO-  INVErsion under-
sition method pressure
Formula- dropper tempera- volume/ success- method

Solvent tion type type ture/® C. ml ful successiul
F6HE solution 2 5 3 no yes
FO6HS solution 2 5 2 no yes
F6HE solution 2 5 1 no yes

Herein, the mnversion method or the underpressure method
were considered successiul (“yves”) when no drops within 30
seconds were unintentionally released from the dropper
mouth (7) of the dropper bottle 1n an uncontrolled fashion
without any pressure applied to the deformable wall part
(1C) of the dropper bottle (1). Further, “(ves)” in brackets
refers to only one drop unintentionally released within said
30 second observation period.

Example 8: Comparative Drop Size Analysis of
Polypropylene Drop Dispenser with Diflerent

Outflow Channel Diameters Filled with F6HR at
Different Fill Levels

Three polypropylene droppers (Packsys®) with a duct
opening diameter of 0.3 mm and a mouth diameter of 2.4
mm (“Dropper 14182”") were filled with 1 ml, 3 ml and 5 ml
of F6HS8. Prior to testing the bottles were closed with
dropper and cap. The cap was removed and sample fluid
F6H8 was dispensed dropwise. 5 drops of F6HS8 were
collected from the start, middle and end of each sample (5
ml; 3 ml; 1 ml respectively) were weighed and the corre-
sponding drop sizes calculated on the basis of the density of
F6HS (1.331 gcm™). Table 4 shows the resulting average
drop weights and volumes:

TABLE 4
FOHS
Dropper 14182 5 mL 3 mL 1 mL Average
Average Drop Weight (mg) 14.967 15.458 15.035 15.153
% RSD of Drop Weight 0.940 0.873 1.061 0.964
Average Drop Volume (uL) 11.245 11.614 11.296 11.385
% RSD of Drop Size 0.706 0.656 0.797 0.725

The experiment was repeated using three polypropylene
droppers (Packsys®) with a duct opening diameter of 0.15
mm and a mouth diameter of 2.4 mm (“Dropper 14014™).

Table 5 shows the resulting average drop weights and
volumes:

TABLE 5
FOHSY
Dropper 14014 5 mL 3 mL 1 mL. Through-Life
Average Drop Weight (mg) 14.509 14.540 14.498 14.516
% RSD of Drop Weight 0.646 0.760 0.699 0.687
Average Drop Volume (uL) 10.901 10.924 10.893 10.906
% RSD of Drop Size 0.486 0.571 0.525 0.516

Table 6 shows the drop weights in mg as measured for the
three droppers, each having a duct opening diameter of 0.3
mm and a mouth diameter of 2.4 mm (Dropper 14182).
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TABLE 6

Fill

14182

F6H® Drop Weight (mg)

Volume 1 2 3

S mL 15.260 16.089 14.115
13.397 15.257 13.251
15.168 15.620 16.119
14.873 14.525 16.155
14.105 14.813 15.753

3 mL 15.693 14.928 17.034
15.739 15.120 16.204
14.668 14.648 16.424
15.949 14.665 16.584
15.058 13.855 15.295

1 mL 14.637 15.426 16.599
14.877 13.054 16.255
13.947 14.200 13.827
15.543 14.526 16.084
16.526 14.572 15.451

Table 7 shows the comparison of the drop sizes generated
with droppers having a duct opening of either 0.3 mm or
0.15 mm. As can be seen, a smaller diameter of the duct
opening helps to adjust the drop volume to a target drop
volume of 10,11. Furthermore, a smaller duct opening
allows to realize more constant drop volumes, independent
from the fill level of the dropper bottle used.

TABLE 7
Material: F6HE
5 mL 3 mL 1 mL.  Average
14182 Average Drop Volume (uL) 11.245 11.614 11.296 11.385
14182 % RSD of Drop Size 0.706 0.656 0.797 0.725
14014 Average Drop Volume (uL.)  10.901 10.924 10.893  10.906
14014 % RSD of Drop Size 0.486 0.571 0.525 0.516

Example 9: Testing of a Polypropylene Drop
Dispenser with a Duct Opening Diameter of 0.15
mm at Reduced Temperature at 5° C. with F4HS5
and F6HS

A drop dispenser (Packsys GmbH) with a volume of 5 ml,
a duct openming with a diameter of 0.15 mm and a dropper

mouth with a diameter of 2.4 mm was tested at 5° C. with
F4H5 and F6HR at different volumes.

Three of the above-described polypropylene dropper
bottles were filled with different volumes of F4HS5 and F6HS
(5 ml; 3 ml; 1 ml). Prior to testing, the bottles were closed
with dropper and cap; then stored over night at 5° C. This
was repeated with the three bottles containing each material.

Without pressing the bottle was automatically inverted by
180° for 30 seconds. Drop formation of F4HS5 or F6HS and
release was observed on blue paper and counted. For data
analysis purposes any droplet that failed to drop but was
observed was counted as a drop. Table 8 shows the number
of drops observed.
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TABLE 8 ml F6HS each (filling level “halt full””) and 5 droppers were

filled with 5 ml F6HS each (filling level *“tull”) at room

Fill Lot FoH3 temperature. The dropper bottles were opened and inverted
Volume 1 5 3 1 5 3 by 180° to a vertical orientation with the dropper mouth
> pointing downwards. For a period of 10 s it was observed

g f]: g 2 g g ? ? whether the spontaneous formation of drops occurred. The
| mL 2 7 1 1 5 5 drops, iI formed, were counted. Table 11 summarizes the

results of the experiment with “OK” depicting that no drops

Furthermore, 5 drops of each SFA was collected from 10 were formed within 10 s from the inversion of the bottle.

cach of the 3 parallel drop dispensers from the start, middle
and end of each sample (5 ml; 3 ml; 1 ml respectively),

weighed and the drop size calculated on the basis of the
respective density (F4H5, 1.29 g/cm’; F6HS, 1.331 g/cm’).

TABLE 11

Filling volume

0.2 ml Filling volume Filling volume

Table 9 shows the drop sizes observed for each of the 3 drop 15 Dropper  (nearly empty) 3 ml (half full) 5> ml (full)
dispensers tested 1n parallel. : OK OK OK
2 OK OK OK
TARIE 9 3 OK OK OK
4 OK OK OK
Fill FAHS Drop Weight (mg) F6HR Drop Weight (mg) 20 5 Ok OK OK
Volume 1 2 3 1 2 3
5 mL 14.209 13.560 13.998 15.391 15.448 15.265 : : : . .
15132 13.543  13.160 15.078 15406  16.189 The invention claimed 1s: , L
14.408  12.940 15.184 14308 15406  16.092 1. A method for dropwise topical administration of a
13.724 12989  13.177 15714 16137 15987 25 Jiquid composition (2), comprising the steps of:
L2.268 13932 13.449 14587 1>.864 15,310 a) providing a drop dispenser (1), comprising:
3 mL 12.8%81 14.085 13.914 15.749 15819 15.696 : : : : :
15184  12.648  14.611  12.865 15067  15.597 a container part (1B) with an interior volume partially
13.935  13.912 14462 15587  14.946  16.227 filled with the liquid composition (2) and a gaseous
13.287 12881 13.411 14672 15383 15440 phase (3) filling the remainder of the interior volume
13176 13.687 14569 15909 1obz22 15446 30 at ambient pressure, the container part (1B) having a
ImL  14.651 13.984 14068 15.845 13.675  13.202 _ PTESSULE, b 2
13.519  13.997 13.428 15345 15501 15472 displaceable section (1C) and optionally a substan-
13.473  14.600  13.841  15.019  15.541  15.680 tially stationary section, and
13.211 10317 13.176 15,501 13,537 14.010 a dropper part (1A) in physical connection and in fluid
to102 1588 12675 14100 14996 14.8067 communication with the interior volume of the con-
33 tainer part (1B), comprising an outtlow channel (3),
Table 10 shows the average weights as well as the average connecting the interior volume of the container part
volumes of the observed drops. (1B) to the environment;
TABLE 10
F4H5 F6HR
Aver- Aver-
Summary 5 ml 3 ml 1 ml age 5 ml 3 ml 1 ml age
Average 13.712  13.776 13.395 13.628 15479 15295 14.824 15.199
Drop
Weight
(mg)
% RSD 0.800 0.734 1.082 0.8%1 0.547 0.786 0.873 0.783
of Drop
Weight
Average 10.629 10.679 10.384 10,564 11.629 11.491 11.137 11.419
Drop
volume
(ul)
% RSD 0.620 0.569 0.839 0.683 0.411 0.591 0.656 0.58%
of Drop
s17e
Example 10: Testing of a Polypropylene Drop b) exerting a first force to the displaceable section (1C) of
Dispenser with a Duct Opening Diameter of 0.15 the container part (1B) of the drop dispenser (1) while
Mm Filled with F6H8 at Different Filling Levels 60 holding the drop dispenser (1) in an upright position in

which the outflow channel (5) 1s not 1n contact with the
liguid composition (2), thereby reducing the interior
volume of the container part (1B) and forcing the
gaseous phase (3) of the interior volume at least par-
tially out of the drop dispenser (1) into the environ-
ment;

In this experiment 3 series of 5 polypropylene droppers
with a duct opening diameter of 0.15 mm and a mouth
diameter of 2.4 mm (*“Dropper 14014”") and a total volume
of 5 ml were filled with F6HS at diflerent filling volumes: 5 65
droppers (droppers 1 to 5) were filled with 0.2 ml F6HS each
(filling level “nearly empty™); 5 droppers were filled with 3
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¢) mverting the drop dispenser (1) to an inverted position
in which the liquid composition (2) 1s 1n contact with
the outflow channel (5);

d) releasing said first force from the displaceable section
(1C) of the container part (1B) at least partly, thereby
reducing the pressure inside the container part (1B)
below ambient pressure; and

¢) exerting a second force to the displaceable section (1C)
of the container part (1B), while still holding the drop
dispenser 1n the mverted position in which the liquid
composition (2) 1s 1 contact with the outflow channel
(5), thereby raising the pressure inside the interior
volume of the container part (1B) above ambient pres-
sure and releasing the liquid composition (2) dropwise
from the dropper part (1A) of the drop dispenser (1).

2. The method according to claim 1, wherein the drop
dispenser (1) 1s a dropper bottle with a dropper part (1A) and
a container part (1B), the container part (1B) comprising the
displaceable section (1C).

3. The method according to claim 1, wherein the inversion
of the drop dispenser (1) to the inverted position according
to step (c) and the release of the first force according to step
(d) 1s performed at least partly simultaneously.

4. The method according to claim 1, wherein the liquid
composition (2) 1s an ophthalmic composition.

5. The method according to claim 1, wherein the hiquid
composition (2) comprises a liquid semifluorinated alkane.

6. The method according to claim 1, wherein the liquid
composition (2) further comprises water.

7. The method according to claim 1, wherein the reduced
pressure generated inside the interior volume of the con-
tainer part (1B) prevents unintended release of the liquid
composition (2).

8. The method according to claim 1, wherein the liquid
composition (2) has a density measured at 25° C. in the
range of 1.0 to 1.7 g/cm”.

9. The method according to claim 1, wherein the liquid
composition (2) has a viscosity measured at 25° C. 1n air 1n
the range of 0.9 to 4.0 mPa s.

10. The method according to claim 1, wherein the liquid
composition (2) has a surface tension 1n air measured at 25°
C. 1n the range of 15 to 30 mN/m.

11. The method according to claim 1, wherein the liquid
composition (2) comprises a liquid linear or branched semi-
fluorinated alkane having one pertluorinated segment and
one non-fluorinated hydrocarbon segment.

12. The method according to claim 1, wherein the liquid
composition (2) further comprises one or more pharmaceu-
tical active ingredients.

13. The method according to claim 1, further comprising
the step:

1) dropwise admimstering the /iguid composition (2) to
the eye, eye lid, eye sac or an ophthalmic tissue of a
subject 1n need thereof.

14. A method of treating an ocular disease or disorder, or
any symptoms or conditions associated therewith, compris-
ing dropwise administration of a liquid ophthalmic compo-
sition according to the method of claim 1.

15. The method according to claim 14, wherein the ocular
disease or disorder 1s dry eye disease.

16. The method according to claim 14, wherein the ocular
disease or disorder i1s a disease or disorder of the eyelid,
lacrimal system, orbit, conjunctiva, sclera, cornea, 1r1s, cili-
ary body, lens, choroid and/or retina.

17. The method according to claim 11, wherein each
segment 1ndependently has a number of carbon atoms
selected from the range of 3 to 10.
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18. The method accovding to claim 5, wherein the liguid
semifluorinated alkane is selected from the group consisting
of F4H5, F4H6, F5H6, FSH7, F6H6, F6H7, and F6HS.

19. The method according to claim 18, wherein the liguid
semifluorinated alkane is F4H)S.

20. The method according to claim 18, whevein the liquid

semifluorinated alkane is F6HS.
21. The method according to claim 1, wherein the liguid

composition (2) is an ophthalmic composition comprising
[-perfluorohexyloctane (F6HS).
22. The method according to claim 1, wherein the liquid

composition (2) is an ophthalmic composition comprising [
mg/ml Ciclosporine A and 1 wt-% ethanol in I-perfluo-
robutyl-pentane (F4H)5).

23. The method according to claim 22, wherein the liquid
composition (2) is an ophthalmic composition consisting
essentially of 1 mg/ml Ciclosporine A and 1 wt-% ethanol in
[ -perfluorobutyl-pentane (F4H)5).

24. The method according to claim 21, wherein the
ophthalmic composition is administered to treat dry eye
disease.

25. The method according to claim 22, wherein the
ophthalmic composition is administered to treat dry eye
disease.

26. The method according to claim 13, wherein the
administering of the liquid composition (2) is carried out up
to once per week, or up to once per day or up to 8, 7, 6, 5,
4, 3 or up to 2 times per day.

27. The method according to claim I, wherein the outflow
channel (5) narrows from a proximal dvopper mouth (7) to
a distal duct opening (4).

28. The method accovding to claim 27, wherein the drops
to be released are formed at the dropper mouth (7) at the
proximal end of the outflow channel (5).

29. The method according to claim 27, wherein the duct
opening (4) is circular.

30. The method according to claim 29, wherein the duct
opening (4) has a diameter in the range of from 0.15 to 1.2
mm, ov in the range of from 0.18 to 0.5 mm, or in the range
of from 0.2 to 0.3 mm.

31. The method according to claim 27, wherein the
diameter of the dropper mouth (7) is between I and 5 mm,
or is between 2 and 3 mm, or is between 2.0 and 2.6 mm, or
is about 2.0 to 2.4 mm.

32. The method according to claim I, wherein displace-
able section (IC) comprises a deformable wall which is
manually deformable.

33. The method according to claim 32, wherein the
displaceable section (IC) comprises a deformable wall
having a wall thickness of between 0.4 and 1.6 mm, or
between 0.5 and 1.0 mm, or between 0.6 and 0.8 mm.

34. The method according to claim 1, wherein the exerting
a first force of step (b), and the exerting a second force of
step (e), are each provided by manually compressing or
squeezing the displaceable section (1C).

35. The method according to claim 14, wherein the liquid

ophthalmic composition comprises a liquid semifluorinated
alkane selected from the group consisting of F4H5, F4H6,

F5Ho6, F5SH7, F6H6, F6H7, and F6HS.
36. The method according to claim 35, wherein the liquid

semifluorinated alkane is F4H)5.
37. The method according to claim 35, whevein the liquid

semifluorinated alkane is F6HS.
38. The method according to claim 14, wherein the
ophthalmic composition comprises 1 mg/ml Ciclosporine A

and 1 wt-% ethanol in I-perfluovobutyl-pentane (F4H)5).
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39. The method according to claim 36, wherein the
ophthalmic composition consists essentially of 1 mg/ml
Ciclosporine A and 1 wt-% ethanol in I-perfluorobuty!-
pentane (F4H)5).

40. The method according to claim 38, wherein the ocular
disease or disovder is dry eye disease.

41. The method according to claim 14, wherein the
ophthalmic composition comprises [-perfluorohexyloctane
(F6H8).

42. The method according to claim 41, wherein the ocular
disease or disovder is dry eye disease.

43. The method according to claim 14, wherein the
method comprises administration of the ophthalmic compo-
sition up to once per week, ov up to once per day or up to
8, 7, 6,5 4, 3 orup to 2 times per day.

44. The method according to claim 19, wherein the liquid
composition (2) further comprises a branched semifluovi-
nated alkane having a linear perfluorinated segment having
4-10 carbon atoms and a branched non-fluorinated hydvo-
carbon segment having 4-10 carbon atoms and including
one —CH ; alkyl group, and wherein the ratio of carbon
atoms of the perfluovinated segment and the hydrocarbon
segment is between 0.6 and 1.0.

45. The method according to claim 20, wherein the liguid
composition (2) further comprises a branched semifluovi-
nated alkane having a linear perfluorinated segment having
4-10 carbon atoms and a branched non-fluorinated hydvo-
carbon segment having 4-10 carbon atoms and including
one —CH ; alkyl group, and wherein the ratio of carbon
atoms of the perfluovinated segment and the hydrocarbon
segment is between 0.6 and 1.0.
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46. The method according to claim 36, wherein the liquid
ophthalmic composition further comprises a branched semi-

fluorinated alkane having a linear perfluorinated segment

having 4-10 carbon atoms and a branched non-fluorinated
hvdrocarbon segment haying 4-10 carbon atoms and includ-
ing one —CH ; alkyl group, and whevrein the ratio of carbon
atoms of the perfluovinated segment and the hydrocarbon
segment is between 0.6 and 1.0.

47. The method according to claim 37, whervein the liquid
ophthalmic composition further comprises a branched semi-
fluorinated alkane having a linear perfluorinated segment
having 4-10 carbon atoms and a branched non-fluorinated
hvdrocarbon segment having 4-10 carbon atoms and includ-
ing one —CH ; alkyl group, and whevrein the ratio of carbon
atoms of the perfluorinated segment and the hyvdrocarbon
segment is between 0.6 and 1.0.

48. The method according to claim 14, whevein the liquid

ophthalmic composition consists essentially of I-perfluovo-
hexvloctane (F6HS8) and wherein the liguid ophthalmic

composition is administered to treat dry eye disease.

49. The method according to claim 48, wherein the liquid
ophthalmic composition further comprises a branched semi-
fluorinated alkane having a linear perfluorinated segment
having 4-10 carbon atoms and a branched non-fluorinated
hvdrocarbon segment having 4-10 carbon atoms and includ-
ing one —CH ; alkyl group, and whevrein the ratio of carbon
atoms of the perfluorinated segment and the hvdrocarbon
segment is between 0.6 and 1.0.
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : RE50,060 E Page 1 of 1
APPLICATIONNO.  :17/899610

DATED : July 30, 2024
INVENTOR(S) : Graf et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Specification

Column 11, Line 35, “g-blockers” should be changed to “B-blockers™

Column 12, Line 28, “SFA 1s 0.5, more preferably said ratio 1s 0.6” should be changed to “SFA
1s >0.5, more pretferably said ratio 1s >0.6”

Column 13, Line 4-5, “SFA 1s 0.5” should be changed to “SFA 1s >0.5”

In the Claims

Claim 46, Column 38, Line 35, “haying” should be changed to “having”

Signed and Sealed this
T'wenty-sixth Day of November, 2024
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Katherine Kelly Vidal
Director of the United States Patent and Trademark Olffice
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