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POSITION
Technical Field

The present invention mainly relates to an aqueous composition that comprises
atropine or a salt thereof (hereinafter also referred to simply as "atropine").
Background Art

Myopia, a type of refractive error, is a condition of eyes where light coming into an
eye from a distance is not focused on retina, but focused before retina, which causes
the image of an object to appear blurred. It is known that myopia is caused by an
ocular axial length (length from the cornea to the retina) that is longer than normal
(axial myopia) or by excessively high refractive powers of the cornea or the crystalline
lens (refractive myopia).

Atropine is known to have the property of preventing the elongation of an ocular
axial length. For example, Patent Literature 1 discloses that a composition comprising
less than 0.025% atropine inhibits or prevents myopia progression.

On the other hand, an atropine ophthalmic solution is used as a mydriatic, and also
reduces accommodation. An atropine ophthalmic solution, when instilled into the eye,
relaxes the pupillary sphincter muscle of the iris and thus induces mydriasis that causes
glare, which persists for a period during which the action of the atropine ophthalmic
solution is maintained, and also reduces accommodation of the crystalline lens to result
in poor near-acuity. This can be a hindrance in performing daily activities. It would
therefore be highly desirable that a medication for inhibiting or preventing myopia pro-
gression, should induce a lesser degree of mydriasis and a lesser loss of accom-

modation so as to enhance the quality of life (QOL).
Citation List

Patent Literature
[PTL 1] WO 2012/161655
Summary of Invention

Technical Problem

A purpose of the present invention is to find an aqueous composition comprising
atropine which has a potent action for inhibiting the elongation of eye axial length and
improving the refractive error. The important goal is to find an atropine-containing
aqueous composition that induces a lesser degree of mydriasis and also a lesser loss of

accommodation. And, another purpose of the present invention is to find an aqueous
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composition comprising atropine whose viscosity does not decrease with time and
wherein atropine or a salt thereof is stable.
Solution to Problem

The present inventors have intensively studied to solve the aforementioned problem
and consequently have found that an aqueous composition comprising 0.001 - 0.1 %
(w/v) atropine or a salt thereof, a water-soluble polymer, and buffer (I), which is at a
pH range of 6 or lower, wherein the buffer (I) is at least one selected from the group
consisting of a phosphate buffer, an aminocarboxylate buffer, a carbonate buffer, an
acetate buffer, a tartrate buffer, a borate buffer, and trometamol, surprisingly has a
potent action for inhibiting the elongation of eye axial length and improving the re-
fractive error without exacerbating the mydriatic action of atropine. Additionally, the
present inventors have also found that the above aqueous composition, but which
comprises no benzalkonium chloride or a limited amount of benzalkonium chloride,
has a lower mydriatic action. Furthermore, the present inventors have also found that,
in an aqueous composition comprising atropine or a salt thereof and a water-soluble
polymer which is at a pH range of 6 or lower, the addition of a nonionic tonicity agent
can make it possible to inhibit the debasement over time of the viscosity given by the
water-soluble polymer and additionally maintain the stability of atropine or a salt
thereof. The aqueous composition of the present invention is expected to inhibit or
prevent the progression of myopia and lead to a lesser degree of mydriasis, and lesser
loss of accommodation so as to be optimal in terms of quality of life.

That is, the present invention relates to the following.

(Term 1)

An aqueous composition comprising 0.001 - 0.1 % (w/v) atropine or a salt thereof, a
water-soluble polymer, and buffer (I), which is at a pH range of 6 or lower, wherein
the buffer (I) is at least one selected from the group consisting of a phosphate buffer,
an aminocarboxylate buffer, a carbonate buffer, an acetate buffer, a tartrate buffer, a
borate buffer, and trometamol.

(Term 2)

The aqueous composition of Term 1, wherein the buffer (I) is at least one selected
from the group consisting of a phosphate buffer, an aminocarboxylate buffer, a
carbonate buffer, and an acetate buffer.

(Term 3)

The aqueous composition of Term 1 or 2, wherein the buffer (I) is a phosphate
buffer.

(Term 4)

The aqueous composition of Term 1 or 2, wherein the aminocarboxylate buffer is at
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least one selected from the group consisting of epsilon-aminocaproic acid, a glutamate
buffer, and an aspartate buffer.

(Term 5)

The aqueous composition according to any one of Terms 1 to 4, wherein

the phosphate buffer is derived from at least one selected from the group consisting
of dibasic sodium phosphate hydrate, sodium dihydrogen phosphate, sodium di-
hydrogen phosphate monohydrate, sodium dihydrogen phosphate dihydrate, potassium
dihydrogen phosphate, sodium monohydrogen phosphate heptahydrate, trisodium
phosphate, and dipotassium phosphate,

the carbonate buffer is derived from at least one selected from the group consisting of
carbonic acid, sodium bicarbonate, sodium carbonate, ammonium carbonate,
potassium carbonate, calcium carbonate, potassium bicarbonate, and magnesium
carbonate,

the acetate buffer is derived from at least one selected from the group consisting of
acetic acid, ammonium acetate, potassium acetate, calcium acetate, and sodium
acetate,

the tartrate buffer is derived from at least one selected from the group consisting of
sodium tartrate and potassium tartrate,

the borate buffer is derived from at least one selected from the group consisting of
boric acid, sodium borate, potassium borate, potassium tetraborate, potassium
metaborate, ammonium borate, and borax,

the glutamate buffer is derived from at least one selected from the group consisting
of glutamic acid, sodium glutamate and potassium glutamate, and/or

the aspartate buffer is derived from at least one selected from the group consisting of
aspartic acid, sodium aspartate and magnesium aspartate.

(Term 6)

The aqueous composition according to any one of Terms 1 to 5, further comprising a
citrate buffer as buffer (II).

(Term 7)

The aqueous composition of Term 6 wherein the citrate buffer is derived from at
least one selected from the group consisting of citric acid hydrate, sodium citrate,
sodium citrate hydrate, potassium citrate, calcium citrate, sodium dihydrogen citrate,
and disodium citrate.

(Term 8)

The aqueous composition according to any one of Terms 1 to 7, wherein the water-
soluble polymer is at least one selected from the group consisting of a cellulose
derivative, carboxyvinyl polymer and sodium alginate.

(Term 9)
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The aqueous composition of Term 8, wherein the cellulose derivative is at least one
selected from the group consisting of hydroxyethyl cellulose, hydroxypropyl methyl-
cellulose, methyl cellulose, ethyl cellulose, hydroxymethyl cellulose, hydroxypropyl
cellulose, hydroxyethyl methyl cellulose, carboxymethyl cellulose, sodium car-
boxymethyl cellulose, hypromellose acetate succinate, hypromellose phthalate, car-
boxymethylethyl cellulose, and cellulose acetate phthalate.

(Term 10)

The aqueous composition of Term 8 or 9, wherein the cellulose derivative is at least
one selected from the group consisting of hydroxyethyl cellulose and hydroxypropyl
methylcellulose.

(Term 11)

The aqueous composition according to any one of Terms 8 to 10, wherein the
cellulose derivative is hydroxyethyl cellulose.

(Term 12)

An aqueous composition comprising 0.001 - 0.1 % (w/v) atropine or a salt thereof,
hydroxyethyl cellulose, and buffer (I), which is at a pH range of 6 or lower, wherein
the buffer (I) is a phosphate buffer.

(Term 13)

The aqueous composition of Term 12, further comprising a citrate buffer as buffer
D).

(Term 14)

The aqueous composition according to any one of Terms 1 to 13, which comprises
less than 50 ppm benzalkonium chloride.

(Term 15)

The aqueous composition according to any one of Terms 1 to 14, which does not
substantially comprise benzalkonium chloride.

(Term 16)

The aqueous composition according to any one of Terms 1 to 15, further comprising
a nonionic tonicity agent.

(Term 17)

The aqueous composition of Term 16, wherein the nonionic tonicity agent is at least
one selected from the group consisting of glycerin, mannitol, propylene glycol,
polyethylene glycol, glucose, sorbitol, xylitol and trehalose.

(Term 18)

The aqueous composition of Term 16 or 17, wherein the nonionic tonicity agent is at
least one compound selected from the group consisting of glycerin and mannitol.

(Term 19)

The aqueous composition according to any one of Terms 16 to 18, wherein the
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nonionic tonicity agent is glycerin.

(Term 20)

The aqueous composition according to any one of Terms 1 to 19, wherein the con-
centration of the buffer is 0.001 - 10 % (w/v).

(Term 21)

The aqueous composition according to any one of Terms 6 to 11 and 13 to 20,
wherein the concentration of citrate buffer is 0.001 - 1.0 % (w/v).

(Term 22)

The aqueous composition of Term 21, wherein the concentration of citrate buffer is
0.01 - 0.05 % (w/v).

(Term 23)

The aqueous composition according to any one of Terms 1 to 22, wherein the con-
centration of the water-soluble polymer is 0.01 - 5 % (w/v).

(Term 24)

The aqueous composition according to any one of Terms 16 to 23, wherein the con-
centration of the nonionic tonicity agent is 0.01 to 10 % (w/v).

(Term 25)

An aqueous composition comprising 0.001 - 0.1 % (w/v) atropine or a salt thereof, a
water-soluble polymer, and a buffer, which is at a pH range of less than 5.

(Term 26)

The aqueous composition of Term 25, wherein the buffer is at least one selected from
the group consisting of a phosphate buffer, a citrate buffer, an aminocarboxylate
buffer, a carbonate buffer, an acetate buffer, a tartrate buffer, a borate buffer, and
trometamol.

(Term 27)

The aqueous composition of Term 25 or 26, wherein the buffer is a citrate buffer.

(Term 28)

An aqueous composition comprising 0.001 - 0.1 % (w/v) atropine or a salt thereof,
and a phosphate buffer, which is at pH range of 6 or lower.

(Term 29)

The aqueous composition of Term 28, further comprising a water-soluble polymer.

(Term 30)

The aqueous composition of Term 29, wherein the water-soluble polymer is at least
one selected from the group consisting of hydroxyethyl cellulose, carboxyvinyl
polymer, hydroxypropyl methylcellulose, and sodium alginate.

(Term 31)

The aqueous composition according to Term 29 or 30, wherein the water-soluble

polymer is hydroxyethyl cellulose.
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(Term 32)

The aqueous composition according to any one of Terms 1 to 24 and 28 to 31, which
is at a pH range of 4 - 6.

(Term 33)

The aqueous composition according to any one of Terms 1 to 32, wherein the con-
centration of phosphate buffer is 0.01 - 1.0 % (w/v).

(Term 34)

The aqueous composition according to any one of Terms 1 to 33, wherein the con-
centration of the atropine or a salt thereof is 0.001 to 0.025% (w/v).

(Term 35)

The aqueous composition according to any one of Terms 1 to 34, wherein the con-
centration of the atropine or a salt thereof is 0.001 to 0.01% (w/v).

(Term 36)

The aqueous composition according to any one of Terms 1 to 35, wherein the
atropine or a salt thereof is atropine sulfate or a hydrate thereof.

(Term 37)

The aqueous composition according to any one of Terms 1 to 36, which is enclosed
in a unit-dose container.

(Term 38)

The aqueous composition according to any one of Terms 1 to 37, wherein the
aqueous composition is an eyedrop.

(Term 39)

The aqueous composition according to any one of Terms 1 to 38, for inhibiting and/
or preventing progression of myopia.

(Term 40)

Use of an aqueous composition according to any one of Terms 1 to 38 in the
preparation of a medicament to inhibit and/or preventing the progression of myopia.

(Term 41)

A method for inhibiting and/or preventing progression of myopia comprising admin-
istering to a subject a composition according to any one of Terms 1 to 38.

(Term 42)

The aqueous composition according to any one of Terms 1 to 38 for use in inhibiting
and/or preventing progression of myopia.

(Term 43)

A method for inhibiting the viscosity reduction of an aqueous composition
comprising 0.001 - 0.1 % (w/v) atropine or a salt thereof and a water-soluble polymer
which is at a pH range of 6 or lower, by adding a nonionic tonicity agent thereto.

(Term 44)
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A method for stabilizing atropine or a salt thereof in an aqueous composition
comprising 0.001 - 0.1 % (w/v) atropine or a salt thereof and a water-soluble polymer
which is at a pH range of 6 or lower, by adding a nonionic tonicity agent thereto.
Advantageous Effect of Invention

As is apparent from the test results which will be described later, it has been shown
that an aqueous composition comprising 0.001 - 0.1 % (w/v) atropine or a salt thereof,
a water-soluble polymer, and a buffer (I), which is at a pH range of 6 or lower, wherein
the buffer (I) is at least one selected from the group consisting of a phosphate buffer,
an aminocarboxylate buffer, a carbonate buffer, an acetate buffer, a tartrate buffer, a
borate buffer, and trometamol, has a potent action for inhibiting the elongation of eye
axial length and improving the refractive error without exacerbating the mydriatic
action of atropine. Additionally, it has been also shown that the above aqueous com-
position, but which comprises no benzalkonium chloride or a limited amount of ben-
zalkonium chloride, has a lower mydriatic action. Furthermore, it has been also shown
that, in an aqueous composition comprising atropine or a salt thereof and a water-
soluble polymer which is at a pH range of 6 or lower, the addition of a nonionic
tonicity agent can make it possible to inhibit the debasement over time of the viscosity
given by the water-soluble polymer and additionally maintain the stability of atropine
or a salt thereof. The present aqueous composition is therefore expected to inhibit or
prevent the progression of myopia and lead to a lesser degree of mydriasis, and lesser
loss of accommodation so as to be optimal in terms of quality of life. A further
advantage associated with the compositions of the present invention, such as com-
positions that further comprise a tonicity agent, is that the compositions may retain
their initial viscosity (or a substantial proportion thereof) over an extended period of
time.
Brief Description of Drawings
[fig.1]Fig. 1 shows the results of the viscosity determination test in Test 5.
[fig.2]Fig. 2 shows the results of the stability test in Test 5.
[fig.3]Fig. 3 shows the results of Examples 23 to 25 in the viscosity determination test
in Test 6.
[fig.4]Fig. 4 shows the results of Examples 26 to 28 in the viscosity determination test
in Test 6.
Description of Embodiments

The present aqueous composition comprises "atropine or a salt thereof,"” which serves
as an active ingredient.

In the present invention, the term "atropine or a salt thereof” also includes (i) a

hydrate of atropine or a salt thereof, (ii) an organic solvate of atropine or a salt thereof,
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and (iii) a combination of the hydrate and the organic solvate.

The salt of atropine includes atropine sulfate or a hydrate thereof, and is preferably
an atropine sulfate hydrate.

Atropine sulfate hydrate is a compound represented by the following structural

formula:

S \“'\-{:‘:.:1‘5:\"wgg  HSG - HD

In a case where the atropine or the salt thereof includes a crystal polymorph and a
group of crystal polymorphs (crystal polymorph system), those crystal polymorph and
group of crystal polymorphs (crystal polymorph system) are also encompassed by the
scope of the present invention. Here, the group of crystal polymorphs (crystal
polymorph system) means not only individual crystal forms obtained at respective
stages where crystals transform into various forms depending on conditions and states
during the manufacture, crystallization, storage, and the like of the crystals, but also a
mixture of the crystal forms obtained at two or more of the stages.

Atropine or a salt thereof can be manufactured in accordance with a method
commonly employed in the field of organic synthetic chemistry or can alternatively be
a commercially available product. For example, atropine sulfate hydrate can be a com-
mercially available product from Tokyo Chemical Industry Co., Ltd. (product code:
A0550).

In the present invention, the concentration of atropine or a salt thereof is preferably
0.001 to 0.1 % (w/v), more preferably 0.001 to 0.05 % (w/v), still more preferably
0.001 to 0.025 % (w/v), and particularly preferably 0.001 to 0.01 % (w/v). More
specifically, the concentration is preferably 0.0010 % (w/v), 0.0015 % (w/v), 0.0020 %
(w/v), 0.0025 % (w/v), 0.0030 % (w/v), 0.0035 % (w/v), 0.0040 % (w/v), 0.0045 %
(w/v), 0.0050 % (w/v), 0.0055 % (w/v), 0.0060 % (w/v), 0.0065 % (w/v), 0.0070 %
(w/v), 0.0075 % (w/v), 0.0080 % (w/v), 0.0085 % (w/v), 0.0090 % (w/v), 0.0095 %
(w/v), or 0.010 % (w/v).

In the present invention, the term "aqueous composition" means a composition
containing water that serves as a solvent.

In the present invention, the "water-soluble polymer" can be any pharmaceutically

acceptable polymer capable of dissolving in water. Non-limiting examples of such a
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polymer include celluloses and their derivatives (e.g., methyl cellulose, hydroxypropyl
methylcellulose, hydroxypropyl cellulose, hydroxypropyl methylcellulose phthalate,
hydroxypropyl methylcellulose acetate succinate, carboxymethylethyl cellulose, car-
boxymethyl cellulose, sodium carboxymethyl cellulose, hydroxyethyl cellulose,
cellulose acetate phthalate, ethyl cellulose, hydroxymethyl cellulose, hydrox-
yethylmethyl cellulose, hypromellose acetate succinate and hypromellose phthalate);
synthetic polymers (e.g., polyethylene glycol, polyvinyl alcohol, polyvinyl
pyrrolidone, polyvinylacetal diethylamino acetate, aminoalkyl methacrylate copolymer
E, aminoalkyl methacrylate copolymer RS, methacrylic acid copolymer L, methacrylic
acid copolymer LD, methacrylic acid copolymer S, and carboxyvinyl polymer); and
naturally-occurring polymers and saccharides (e.g., gum arabic, sodium alginate,
alginic acid propylene glycol ester, agar, gelatin, tragacanth, and xanthan gum).
Among them, preferably used in the present invention as the water-soluble polymer are
cellulose and its derivative, carboxyvinyl polymer and sodium alginate. Among them,
more preferably used in the present invention as the water-soluble polymer are hy-
droxyethyl cellulose, carboxyvinyl polymer and hydroxypropyl methylcellulose.

The present aqueous composition can comprise one or more types of water-soluble
polymers.

In the present invention, the concentration of the water-soluble polymer in the
present aqueous composition is set to a value by adjusting the content of a water-
soluble polymer as appropriate to reflect the influence of the water-soluble polymer on
a medicinal substance (active ingredient), other additive(s), pH, osmotic pressure, and/
or viscosity. However, the concentration of the water-soluble polymer in the present
aqueous composition is preferably 0.01 to 5 % (w/v), and more preferably 0.1 to 2 %
(w/v).

In the present invention, in a case where the water-soluble polymer is cellulose and
its derivative, the concentration of the cellulose and its derivative is preferably 0.01 to
S % (w/v), more preferably 0.1 to 2 % (w/v), still more preferably 0.1 to 1 % (w/v),
particularly preferably 0.1 to 0.6 %.

In the present invention, in a case where the water-soluble polymer is hydroxyethyl
cellulose, the concentration of the hydroxyethyl cellulose is preferably 0.1 to 1.0 %
(w/v), and more preferably 0.1 to 0.6 % (w/v).

In the present invention, in a case where the water-soluble polymer is carboxyvinyl
polymer, the concentration of the carboxyvinyl polymer is preferably 0.04 to 0.4 %
(w/v), and more preferably 0.08 to 0.4 % (w/v).

In the present invention, in a case where the water-soluble polymer is hydroxypropyl
methylcellulose, the concentration of the hydroxypropyl methylcellulose is preferably
0.1 to 1.0 % (w/v), and more preferably 0.1 to 0.6 % (w/v).
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In the present invention, in a case where the water-soluble polymer is sodium
alginate, the concentration of the sodium alginate is preferably 0.1 to 2% (w/v), and
more preferably 0.5 to 2% (w/v).

In the present invention, the term "buffer" should not be limited as long as it is phar-
maceutically acceptable ones, which includes, for example, a phosphate buffer, a
citrate buffer, a borate buffer, a carbonate buffer, an acetate buffer, a tartrate buffer, an
aminocarboxylate buffer, and trometamol. The aminocarboxylate buffer includes, for
example, an aspartate buffer, a glutamate buffer, and epsilon-aminocaproic acid. These
buffers may be used as a single ingredient or as a combination of any two or more in-
gredients. Among these buffers, a phosphate buffer, a citrate buffer, a carbonate buffer,
an acetate buffer, and an aminocarboxylate buffer are preferable; a phosphate buffer, a
citrate buffer, an acetate buffer, and an aminocarboxylate buffer are more preferable; a
phosphate buffer and/or a citrate buffer are still more preferable; and a phosphate
buffer and a citrate buffer are particularly preferable.

In the present invention, the concentration of the buffer in the present aqueous com-
position is set to a value by adjusting the content of the buffer as appropriate to reflect
the influence of the buffer on a medicinal substance (active ingredient), other
additive(s), pH, osmotic pressure, and/or viscosity. However, the concentration of the
buffer in the present aqueous composition is preferably 0.001 to 10 % (w/v), more
preferably 0.01 to 5 % (w/v), still more preferably 0.01 to 3 % (w/v), still much more
preferably 0.01 to 1 % (w/v), particularly preferably 0.01 to 0.5 % (w/v), more par-
ticularly preferably 0.01 to 0.1 % (w/v), wherein the weight of the buffer is that of a
buffering agent as its material.

In the present invention, the phosphate buffer can be derived from any pharma-
ceutically acceptable phosphate buffering agent. Non-limiting examples of such a
phosphate buffering agent include: phosphoric acid; phosphates such as alkali metal
phosphates and alkaline earth metal phosphates; and hydrates thereof. More
specifically, the phosphate buffering agent includes dibasic sodium phosphate hydrate
(referred to as "dibasic sodium phosphate” or "sodium phosphate”), sodium dihydrogen
phosphate (referred to as "monosodium phosphate"), sodium dihydrogen phosphate
monohydrate (referred to as "monosodium phosphate"), sodium dihydrogen phosphate
dihydrate (referred to as "monosodium phosphate"), potassium dihydrogen phosphate
(referred to as "monopotassium phosphate"), sodium monohydrogen phosphate hep-
tahydrate, trisodium phosphate, dipotassium phosphate, and the like.

In the present invention, the concentration of the phosphate buffer in the present
aqueous composition is set to a value by adjusting the content of the phosphate buffer
as appropriate to reflect the influence of the phosphate buffer on a medicinal substance

(active ingredient), other additive(s), pH, osmotic pressure, and/or viscosity. However,
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the concentration of the phosphate buffer in the present aqueous composition is
preferably 0.01 to 1.0 % (w/v), more preferably 0.05 to 1.0 % (w/v), and still more
preferably 0.05 to 0.5 % (w/v), wherein the weight of the phosphate buffer is that of a
phosphate buffering agent as its material.

In the present invention, the "citrate buffer" can be derived from a citrate buffering
agent which should not be limited as long as it is pharmaceutically acceptable ones,
which includes, for example, citric acid; citrates such as alkali metal citrates and
alkaline earth metal citrates; and hydrates thereof. More specifically, the citrate buffer
includes citric acid hydrate, sodium citrate, sodium citrate hydrate, potassium citrate,
calcium citrate, sodium dihydrogen citrate, and disodium citrate.

In the present invention, the concentration of the citrate buffer in the present aqueous
composition is set to a value by adjusting the content of citrate buffer as appropriate to
reflect the influence of the citrate buffer on a medicinal substance (active ingredient),
other additive(s), pH, osmotic pressure, and/or viscosity. However, the concentration
of the citrate buffer in the present aqueous composition is preferably 0.001 to 1.0 %
(w/v), more preferably 0.005 to 0.5 % (w/v), still more preferably 0.01 to 0.1 % (w/v),
still much more preferably 0.01 to 0.05 % (w/v) and particularly preferably 0.02 to
0.04 % (w/v), wherein the weight of the citrate buffer is that of a citrate buffering agent
as its material.

In the present invention, the "borate buffer” can be derived from a borate buffering
agent which includes, for example, boric acid or a salt thereof, and borax. More
specifically, the borate buffering agent includes boric acid, sodium borate, potassium
borate, potassium tetraborate, potassium metaborate, ammonium borate, and borax.
The "carbonate buffer" can be derived from a carbonate buffering agent which
includes, for example, carbonic acid or a salt thereof. More specifically, the carbonate
buffering agent includes carbonic acid, sodium bicarbonate, sodium carbonate,
ammonium carbonate, potassium carbonate, calcium carbonate, potassium bicarbonate,
and magnesium carbonate. The "acetate buffer” can be derived from an acetate
buffering agent which includes, for example, acetic acid or a salt thereof. More
specifically, the acetate buffering agent includes acetic acid, ammonium acetate,
potassium acetate, calcium acetate, and sodium acetate. The "tartrate buffer" can be
derived from a tartrate buffering agent which includes, for example, tartaric acid or a
salt thereof. More specifically, the tartrate buffering agent includes sodium tartrate and
potassium tartrate. The "aspartate buffer" can be derived from an aspartate buffering
agent which includes, for example, aspartic acid or a salt thereof. More specifically,
the aspartate buffering agent includes sodium aspartate and magnesium aspartate. The
"glutamate buffer" can be derived from a glutamate buffering agent which includes, for

example, glutamic acid or a salt thereof. More specifically, the glutamate buffering
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agent includes sodium glutamate and potassium glutamate.

The aqueous composition of the present invention may comprise buffer (I) as sole
buffers, or buffer (I) and buffer (I) as sole buffers. And, the aqueous composition of
the present invention may also comprise further different buffers besides buffer (I) and
buffer (II).

In the present invention, the term "buffer (I)" is at least one selected from the group
consisting of a phosphate buffer, an aminocarboxylate buffer, a carbonate buffer, an
acetate buffer, a tartrate buffer, a borate buffer, and trometamol. The definition of each
buffer and the preferred range of each concentration are as explained in the above
section of "buffer".

In the present invention, the term "buffer (II)" is a citrate buffer. The definition of the
citrate buffer and the preferred range of the concentration are as explained in the above
section of "buffer".

The viscosity of the present aqueous composition is adjusted to fall within preferably
a range of 3 to 500 mPa - s, and more preferably a range of 6 to 70 mPa - s, when
measured by an E-type viscometer (25°C; shear rate of 50 s-1).

The present aqueous composition may further comprise a tonicity agent. The tonicity
agent used in the present invention can be any pharmaceutically acceptable tonicity
agent. Non-limiting examples of such a tonicity agent include nonionic tonicity agents
such as glycerin, mannitol, propylene glycol, polyethylene glycol, glucose, sorbitol,
xylitol, and trehalose. In the present invention, a nonionic tonicity agent is preferable
as the tonicity agent. As the nonionic tonicity agent, glycerin, mannitol, propylene
glycol, polyethylene glycol, glucose, sorbitol, xylitol, and trehalose are preferable,
glycerin and mannitol are more preferable, and glycerin is particularly preferable.

As the tonicity agent used in the present invention, the tonicity agents listed above
may be used singly or in combination of two or more.

In the present invention, the concentration of the tonicity agent in the present
aqueous composition is set to a value by adjusting the content of a tonicity agent as ap-
propriate to reflect the influence of the tonicity agent on a medicinal substance (active
ingredient), other additive(s), pH, osmotic pressure, and/or viscosity. However, the
concentration of the tonicity agent in the present aqueous composition is preferably
0.01 to 10 % (w/v), more preferably 0.05 to 5 % (w/v), still more preferably 0.1 to 5 %
(w/v), still much more preferably 0.5 to 5 % (w/v), and particularly preferably 1 to 5 %
(w/v).

In the present invention, in a case where the tonicity agent is glycerin, the con-
centration of glycerin is preferably 0.1 to 5.0 % (w/v), more preferably 0.1 to 3.0 %
(w/v), still more preferably 0.5 to 3.0 % (w/v) and particularly preferably 1.0 to 3.0 %
(w/v).



13

WO 2017/204262 PCT/JP2017/019423

[0086]

[0087]

[0088]

[0089]

[0090]

[0091]

The present aqueous composition can comprise a pharmaceutically acceptable
additive(s) as needed. The additive(s) can be mixed with other ingredients of the
present aqueous composition by a widely used technique. The additive(s) can be
selected from, for example, surfactants such as polyoxyethylene sorbitan monooleate,
polyoxyl 40 stearate, and polyoxyethylene hydrogenated castor oil; stabilizers such as
disodium edetate; preservatives such as benzalkonium chloride and boric acid; pH
adjusting agents such as hydrochloric acid and sodium hydroxide; and the like as
needed.

In general, benzalkonium chloride is used as a preservative. In the present invention,
it suggests that an aqueous composition of atropine which comprises no benzalkonium
chloride has lower mydriatic action than another aqueous composition of atropine
which comprises benzalkonium chloride, as shown later. Thus, it is preferable that the
present aqueous composition comprises no benzalkonium chloride or a limited amount
of benzalkonium chloride. The "limited amount" used herein means an amount of ben-
zalkonium chloride used in the present aqueous composition of atropine which does
not exacerbate the mydriatic action. Specifically, the concentration of benzalkonium
chloride is preferably less than 100 ppm, more preferably less than 50 ppm, and even
more preferably the present aqueous composition comprises substantially no ben-
zalkonium chloride.

The term "unit-dose container” used herein means an eyedrop container in which a
cap is tightly attached to the bottle mouth with fusion, which is opened by breaking the
fused part between the cap and the bottle mouth when it is used. The unit-dose
container may contain just one dose of the aqueous composition for one shot, or more
doses thereof used several times in one day.

The term "multiple-dose container" used herein means an eyedrop container
equipped with a bottle body and a cap which can be fixed to the bottle body, said cap
can be freely opened and closed. The multiple-dose container generally contains plural
doses of the eyedrop liquid for using for a certain period.

The aqueous composition of the present invention can be contained in a unit-dose
container or a multiple-dose container. Unless the present aqueous composition sub-
stantially comprises a preservative such as benzalkonium chloride, a unit-dose
container is preferable.

The pH of the present aqueous composition is not limited to a specific value,
provided that it falls within a medicinally acceptable range. However, the pH of the
present aqueous composition is preferably in a range of 6 or less, more preferably 4 to
6, still more preferably in a range of 4 to 5, and particularly preferably in the
neighborhood of 4 or 5. More specifically, for example, pH 3.5, 3.6, 3.7, 3.8, 3.9, 4.0,
4.1,4.2,43,4.4,45,4.6,4.7,48,49,5.0,5.1,5.2,5.3,54,5.5,5.6,5.7,5.8,5.9, and
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[0092]

[0093]

[0094]

[0095]

[0096]

[0097]

[0098]

6.0 are preferable, and pH 3.5, 3.6, 3.7, 3.8,3.9,4.0,4.1,4.2,4.3,4.4,4.5,4.6,4.7, 4.8,

4.9,5.0,5.1,5.2,5.3, and 5.4 are more preferable.
Further, the osmotic pressure of the aqueous composition in the present invention is

not limited to a specific value, provided that it falls within a range acceptable to a
living body. The osmotic pressure of the aqueous composition in the present invention
is, for example, 100 to 1000 mOsm, preferably 200 to 500 mOsm, and more preferably
250 to 350 mOsm. In general, the osmotic pressure of an aqueous composition is more
than a little affected by the amounts of medicinal substance and additive in the aqueous
composition. In the present invention, the osmotic pressure can be adjusted to fall
within the above-described ranges by appropriately adjusting the amounts of those
substances that can affect the osmotic pressure. It should be noted that the osmotic
pressure of the aqueous composition in the present invention can be measured by a
common method. For example, the osmotic pressure of the aqueous composition in the
present invention can be measured in accordance with the method described in the
"Osmometry (Osmolarity Determination)"” section of the Japanese Pharmacopoeia,
15th Revised Edition.

Examples of a dosage form of the present aqueous composition include an eyedrop
or an ophthalmic aqueous solution.

The dosage and administration of the aqueous composition administered in the
present invention are not limited as long as it can sufficiently provide a desired
efficacy, which can be administered in eyedrops, preferably at a frequency of 1 - 5
times a day in an amount of 1 - 3 drops each time, more preferably at a frequency of 2
- 4 times a day in an amount of 1 - 2 drops each time, and the most preferably once a
day, before bedtime in an amount of 1 drop.

The present aqueous composition is preferably used to inhibit or prevent the pro-
gression of myopia, to prevent myopia, and/or to treat myopia, and is more preferably
used to inhibit or prevent the progression of childhood myopia.

The term "inhibit or prevent the progression of myopia" used herein may mean
slowing myopia progression or reducing myopia progression. The term "prevent
myopia" used herein may mean preventing the onset of myopia or delaying the onset
of myopia.

Examples

The test results and preparation examples shown below are given for better under-
standing of the present invention, but the scope of the present invention should not be
limited thereto.

The meanings of abbreviates are as follows.

BAK: Benzalkonium chloride
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[0099]

[0100]

[0101]

[0102]

CVP: Carboxyvinyl polymer
HEC: Hydroxyethyl cellulose
HPMC: Hydroxypropyl methylcellulose

Test 1

Some aqueous compositions were evaluated in terms of their mydriatic action.

(Sample Preparation Method)

(Example 1)

An aqueous composition in Example 1 was prepared in accordance with the for-
mulation shown in Table 1. Specifically, 0.01 g of atropine sulfate hydrate, 0.32 g of
hydroxyethyl cellulose, 0.1 g of sodium dihydrogen phosphate, and 2.4 g of con-
centrated glycerin were dissolved in purified water. To the solution thus obtained were
added hydrochloric acid and sodium hydroxide as appropriate, so that the solution was
adjusted to pH 5 and brought to a total volume of 100 ml.

(Examples 2 and 3 and Comparative Examples 1 to 3)

Aqueous compositions in Examples 2 and 3 and in Comparative Examples 1 to 3

were prepared as in Example 1 in accordance with the formulation shown in Table 1.

Table 1 {(Unit: g/100 ml)
Com. Con. Com.
. 1| BEx. 24 BExm.
Ex. 1|Bx. 2 |8x, 3|0% 1|EX B3
Arropline sulfats - ) " <
Atropine sulfat 0.01 | 0.01 | 0.0% | 0.01 | 0.004] 0.01
hydrate
droxyethy! " -
Aydroxyethyl 0.32 | 0.32 - 0.32 | 0.32 -
cellulose
Sodium dihydroger ;
odium dihy'LOSGH 0.1 _ 5 a1 0.1 0.1
phosphate
Sodium citrate B 0.1 B N _ B
hydrate
ors) ratec " -
Concentrated 2.4 | 2.4 | 2.4 | 2.4 | 2.4 | 2.4
glyeerin
pH adjusting ) -
agent q.s G.S .5 g8 g.s g.s
pH / 5 ¢ 5 5 5
Vigcosity (mPa-g) | 21.77 | 30.42 * 31,30 | 33.94 *
¥ unmeasured

(Test Method)

A single dose of each aqueous composition (50 pl in volume) was instilled into one
eye of a rabbit (four eyes from four rabbits or six eyes from six rabbits for each
aqueous composition). Images of pupils of the rabbits before the instillation and 1 hour
after the instillation were captured by optical coherence tomography (OCT) and were
then analyzed by image analysis software to calculate pupil areas of the rabbits and a
mydriasis rate. The mydriasis rate was calculated by the following equation:

Mydriasis rate (%) = ((b - a)/a) x 100,
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[0103]

[0104]

[0105]

[0106]

[0107]

where a is a mean value (mm?2) of the pupil area before the instillation in each of Com-
parative Examples 1 to 3 and Examples 1 to 3, a is 16.8 (mm?2) and b is a value of the
pupil area 1 hour after the instillation.

(Test Results)

The results in Examples 1 to 3 and in Comparative Examples 1 to 3 are shown in
Table 2. In Table 2, each value is a mean value of data from the four or six cases.

The mydriatic action of each aqueous composition was evaluated under the following
criteria.

A: in case that the pupil area is less than 30.0 mm?2 one hour after the instillation.

B: in case that the pupil area is 30.0 mm2 to less than 35.0 mm2 one hour after the
instillation.

C: in case that the pupil area is 35.0 mm2 to less than 40.0 mm2 one hour after the
instillation.

D: in case that the pupil area is 40.0 mm2 or more one hour after the instillation.

Table Z
Value of puplil area | Mydriasis | Evaluation
1 hour after the rate (%)
instillation {ww’)
Comparative Example 1 40,8 1473 D
Comparative Exanple 2 40.1 139 D
Comparative Ezxampla 3 43.4 158 D
Example 1 35.3 110 C
Fxample 2 31.9 9 H
Ixample 3 35.1 102 C

(Discussion)

As is apparent from Table 2, it has been shown that an aqueous composition (i)
comprising atropine or a salt thereof, (ii) having pH in a range of 6 or less, and (iii)
further comprising a phosphate buffer, induces lesser degree of mydriasis than a com-
position comprising no phosphate buffer.

Test 2 Some aqueous compositions of the present invention were evaluated in terms
of their mydriatic action.

(Sample Preparation Method)

(Examples 4 to 11) Aqueous compositions in Examples 4 to 11 were prepared as in
Example 1 in accordance with the formulation shown in Table 3.

(Test Method)

A single dose of each aqueous composition (50 pl in volume) was instilled into one
eye of a rabbit (four eyes from four rabbits or six eyes from six rabbits for each
aqueous composition). Images of pupils of the rabbits 1 hour after the instillation were
captured by optical coherence tomography (OCT) and were then analyzed by image

analysis software to calculate pupil areas of the rabbits.
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[0108] (Test Results)
The results in Examples 4 to 11 are shown in Table 3. In Table 3, each value is a

mean value of data from the four or six cases.

The mydriatic action of each aqueous composition was evaluated under the following
criteria.

A: in case that the pupil area is less than 30.0 mm?2 one hour after the instillation.

B: in case that the pupil area is 30.0 mm2 to less than 35.0 mm2 one hour after the

instillation.
C: in case that the pupil area is 35.0 mm2 to less than 40.0 mm2 one hour after the

instillation.
D: in case that the pupil area is 40.0 mm2 or more one hour after the instillation.

Table 3 (Unit: g/10Q ml)
Example 4 5 5 7 s 9 10 11
Atzopine sulfate |, oy 1y o1 | g.01 | 0.01]0.01 | 0.0% .01
hydrate
Hydroxyethyl e
. 0. 3:
cellulose
Sodium
dibhvydregen
phosphate
Sodium wibrate 0.02(0.62|0.02]0.04  6.04] -~ -
hydrate
Epzsilen~
Amincocaproic
acid
Acetic acid = =
Concentrated
glyearin

<o
o
pon
<

L2 | 0.32 10,45 10,45 10,32 1 0.3210.32

s
[
<

0.1 - - ~

O

»

=

i

[
s
o
¥

pHE adjusting - . s . S a8 o . -
ageut d. 5. .5, N J«5. d.5. 8. 8. .3
A 4.3 4.3 4.3 4.3 4.3 4.3 4.3 4.3

Value of pupill
area 1 hour
after the 30.8 | 35.4 | 24,0 | 27.1 1 28.0 1} 33.4{30.4]232.0
instillation
{mm®)
Evaluation B C

A A pas B B

[0109] (Discussion)
When the aqueous composition comprised a phosphate buffer as buffer (1), the

mydriatic action was low (Example 4). In addition, when the aqueous composition
further comprised a citrate buffer as buffer (II) besides a phosphate buffer, the

mydriatic action was lower (Examples 6 to ).

[0110] Test 3
Some aqueous compositions of the present invention were evaluated in terms of their

mydriatic action.
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(Sample Preparation Method)

(Examples 12 to 14)

Aqueous compositions in Examples 12 to 14 were prepared as in Example 1 in ac-
cordance with the formulation shown in Table 4.

(Test Method)

A single dose of each aqueous composition (50 pl in volume) was instilled into one
eye of a rabbit (four eyes from four rabbits for each aqueous composition). Images of
pupils of the rabbits 1 hour after the instillation were captured by optical coherence to-
mography (OCT) and were then analyzed by image analysis software to calculate pupil
areas of the rabbits.

(Test Results)

The results in Examples 12 to 14 are shown in Table 4. In Table 4, each value is a
mean value of data from the four cases.

The mydriatic action of each aqueous composition was evaluated under the following
criteria.

A: in case that the pupillary area one hour after eyedropping is less than 30.0 mm?2.

B: in case that the pupillary area one hour after eyedropping is 30.0 mm?2 to less than
35.0 mm2.

C: in case that the pupillary area one hour after eyedropping is 35.0 mm?2 to less than
40.0 mm?2.

D: in case that the pupillary area one hour after eyedropping is 40.0 mm2 or more.

Table 4 (Unit: g/100 ml)
Example 12 13 14
Atroglne sulfate 0.005 6005 0005
hydrate
Hydroxyethyl
yarozyethy 0.45 .45 0.45
cellulose
Sodium dihydrogern .
UEL G RYGLOgeEn 0.1 0.1 0.1
phosphate
Sodiuwm citrate )
s um ate - 0.03 0.04
hydrate
Comcentrgted 5 4 5 4 54
glycerin
pH adjusting agent .S, q.S. q.5.
pH 4.3 4.3 4.3
Value of pupil area
1 hour after the 25.0 24.2 20.8
instillation (mm*)
Evaluation A A A
(Discussion)

Even though the aqueous composition comprised 0.005 % (w/v) atropine, the
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[0115]

[0116]

[0117]

[0118]

mydriatic action was low when the aqueous composition comprised a phosphate buffer
as buffer (I) (Example 12). In addition, when the aqueous composition further
comprised a citrate buffer as buffer (II) besides a phosphate buffer, the mydriatic
action was lower (Examples 13 and 14).

Test 4

The effect of benzalkonium chloride which is generally used as a preservative to the
mydriatic action of the present aqueous composition was studied.

(Sample Preparation Method)

(Examples 15 to 17)

Aqueous compositions in Examples 15 to 17 were prepared as in Example 1 in ac-
cordance with the formulation shown in Table 5.

(Test Method)

A single dose of each aqueous composition (50 pl in volume) was instilled into one
eye of a rabbit (four eyes from four rabbits for each aqueous composition). Images of
pupils of the rabbits 1 hour after the instillation were captured by optical coherence to-
mography (OCT) and were then analyzed by image analysis software to calculate pupil
areas of the rabbits.

(Test Results)

The results in Examples 15 to 17 are shown in Table 5. In Table 5, each value is a
mean value of data from the four cases.

The mydriatic action of each aqueous composition was evaluated under the following
criteria.

A: in case that the pupil area is less than 30.0 mm?2 one hour after the instillation.

B: in case that the pupil area is 30.0 mm2 to less than 35.0 mm2 one hour after the
instillation.

C: in case that the pupil area is 35.0 mm2 to less than 40.0 mm2 one hour after the
instillation.

D: in case that the pupil area is 40.0 mm?2 to less than 45.0 mm?2 one hour after the
instillation.

E: in case that the pupil area is 45.0 mm2 or more one hour after the instillation.
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Table 5 (Unit: g/100 wml)
Example i5 16 17
tropine sulfate
Atroiln‘e ulfate a0 g.01 0,01
hydrate
s rx 7o
fydroxyethyl 0.53 0.53 0.53
cellulose
Sodiﬁjin d—ifqyc—lrogen o1 a1 a1
phosphate
Concen era_ted > 4 5 4 > 4
glycerin
BAK {(Unit: ppm) - 50 100
pH adijusting agsnt 5. g.5. Je8.
pH 5 5 3
Value of pupil area
1 hour after the 35.1 44 .8 45,1
instillation (mm")
Evaluation C D E
[0119]  (Discussion)

As is clear from Table 5, the aqueous composition comprising no benzalkonium
chloride (Example 15) exhibited lower mydriatic action than the aqueous composition
comprising benzalkonium chloride (Examples 16 and 17).

[0120] Test 5

(Viscosity Determination Test 1 and Stability Test 1)

The effects of a tonicity agent to the viscosity of an aqueous composition comprising
atropine and a water-soluble polymer and the stability of atropine therein were studied.

[0121] (Sample Preparation Method)

(Examples 18 to 22)

Aqueous compositions in Examples 18 to 22 were prepared as in Example 1 in ac-
cordance with the formulation shown in Table 6. Each prepared sample (5 mL) was put
into a polyethylene eyedrop container, an inside plug was attached to the bottle mouth,

and the container was sealed-up with a cap. The containers were stored under dark at
60°C for 4 weeks.
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[0122]

[0123]

[0124]

[0125]

Table 6 (Unit:s g/100 ml)
Example 18 19 2 21 22
Atropine sulfate
Atropine sullate 5.01 | 0.01 | 0.0% | 0.0 | 0.01
hydrate
Aydrozyethyl 0.45 | 0.45 | 0.45 | 0.45 | 0.45
celiulose
Sodium dihydrogen (
s - 0.1 0.1 0.1 0.1 0.1
phosphate / ’ J 4
Scdium chlioride - C.9 - - -
Boric acid - - 1.9 - -
Concentrated _ _ _ 5 4 N
glycerin -
Mannitel - - - - 5
pH adjusting agsnt q. 5 .S g.5 g.5 J.5.
pH 5 5 N 5 5
(Test Method)

(1) Viscosity Determination Test 1

According to "Method II, Viscosity measurement by rotational viscometer" in the
Japanese Pharmacopoeia 16th edition, each viscosity of the freshly-prepared aqueous
compositions and the aqueous compositions stored for 1, 2 and 4 weeks after the pro-
ductions was measured with a cone-flat plate-type rotational viscometer. The
measuring conditions are shown below.

- Instrument: Rotary rheometer (Kinexus pro+)

- Rotating speed (S-1): 50/sec

- Measurement temperature: 25°C

(2) Stability Test 1

Tropic acid can be formed in the decomposition of atropine. In order to evaluate the
stability of atropine in the present test, the content of tropic acid in the freshly-prepared
aqueous compositions and the aqueous compositions stored for 1, 2 and 4 weeks after
the productions was determined by high-performance liquid chromatography.

(Test Results)

The results of Viscosity Determination Test 1 are shown in Figure 1. The results of
Stability Test 1 are shown in Figure 2.

(Discussion)

(1) Viscosity Determination Test 1

As shown in Figure 1, each viscosity of the aqueous composition comprising
atropine and hydroxyethyl cellulose, but no tonicity agent (Example 18 which cor-
responds to "without" in Figure 1), the aqueous composition further comprising
sodium chloride as a tonicity agent (Example 19 which corresponds to "NaCl" in

Figure 1), and the aqueous composition further comprising boric acid as a tonicity
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[0126]

[0127]

[0128]

agent (Example 20 which corresponds to "Boric acid" in Figure 1), decreased over
time. On the other hand, each viscosity of the aqueous composition comprising
atropine and hydroxyethyl cellulose, and further comprising glycerin as a tonicity

agent (Example 21 which corresponds to "Glycerin" in Figure 1) and the aqueous com-
position further comprising mannitol as a tonicity agent (Example 22 which cor-
responds to "Mannitol" in Figure 1) was maintained, i.e., the decrease of viscosity over
time was inhibited.

(2) Stability Test 1

As shown in Figure 2, more tropic acid was produced from the aqueous composition
comprising atropine and hydroxyethyl cellulose, and further comprising mannitol or
boric acid as a tonicity agent than from the other aqueous compositions. The result
suggested that it is not preferable to add mannitol or boric acid as a tonicity agent to an
aqueous composition comprising atropine and hydroxyethyl cellulose from the
viewpoint of the stability of atropine.

In addition, the above results of Viscosity Determination Test 1 and Stability Test 1
suggested that it is preferable to add glycerin as a tonicity agent to an aqueous com-
position comprising atropine and hydroxyethyl cellulose to inhibit the decrease of
viscosity over time and maintain the stability of atropine.

Test 6

(Viscosity Determination Test 2)

The effect of a tonicity agent to the viscosity of an aqueous composition comprising
atropine and a water-soluble polymer was studied.

(Sample Preparation Method)

(Examples 23 to 28)

Aqueous compositions in Examples 23 to 28 were prepared as in Example 1 in ac-
cordance with the formulation shown in Table 7. Each prepared sample (5 mL) was put
into a polyethylene eyedrop container, an inside plug was attached to the bottle mouth,
and the container was sealed-up with a cap. The containers were stored under dark at
60°C for 4 weeks.
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[0129]

[0130]

[0131]

Table 7 {(Unit: g/100 ml)
Example 23 24 Z5 26 27 28
Atrepine sulfate | 4 0 |5 g1 | g.01 | 0.01 | 0.01 | 0.01
hydrate
HPMC 0.6 0.6 0.6 - - -
CVF - - - 0.14 | 0.14 | 0,314
Saodium dihydrogen
phasphate
Concentrated
glycerin
Mannitol - - 5 - - 5
pH adiusting agent g.5. | g.8. | g.8. | 9.8.
pH 5 5 5 )

3

("ﬁ
U
O

(Test Method)

(Viscosity Determination Test 2)

According to "Method II, Viscosity measurement by rotational viscometer" in the
Japanese Pharmacopoeia 16th edition, each viscosity of the freshly-prepared aqueous
compositions and the aqueous compositions stored for 1, 2 and 4 weeks after the pro-
ductions was measured with a cone-flat plate-type rotational viscometer. The
measuring conditions are shown below.

- Instrument: Rotary rheometer (Kinexus pro+)

- Rotating speed (S-1): 50/sec

- Measurement temperature: 25°C

(Test Results)

The results of Examples 23 to 25 in the viscosity determination test are shown in
Figure 3. The results of Examples 26 to 28 in the viscosity determination test are
shown in Figure 4.

(Discussion)

(Viscosity Determination Test 2)

As shown in Figure 3, the viscosity of the aqueous composition comprising atropine
and hydroxypropyl methylcellulose, but no tonicity agent (Example 23 which cor-
responds to "without" in Figure 3) decreased over time. On the other hand, the
viscosity of the aqueous composition further comprising glycerin or mannitol as a
tonicity agent (Example 24 or 25 which corresponds to "Glycerin" or "Mannitol" in
Figure 3) was maintained, i.e., the decrease of viscosity over time was inhibited.

In addition, as shown in Figure 4, the viscosity of the aqueous composition
comprising atropine and carboxyvinyl polymer, but no tonicity agent (Example 26
which corresponds to "without" in Figure 4) decreased over time. On the other hand,
the viscosity of the aqueous composition further comprising glycerin or mannitol as a

tonicity agent (Example 27 or 28 which corresponds to "Glycerin" or "Mannitol" in
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Figure 4) was maintained, i.e., the decrease of viscosity over time was inhibited.
[0132] Test7
The effects of a water-soluble polymer to the actions for inhibiting the elongation of
eye axial length and improving the refractive error were studied with myopia mouse
models.
[0133]  (Sample Preparation Method)
(Examples A to D)
Aqueous compositions in Examples A to D were prepared as in Example 1 in ac-

cordance with the formulation shown in Table 8.

Table 8 {Unit: g/100 ml)

Example A B C D
Atropineg sulfate hydrate - - 0,01 0,01
Hydroxyethvl cellulose - 0.45 - 0.45

Sodium dihydrogen

. 0.1 g1 a.1 0.1

phosphate
Concentrated glycerin 2.4 2.4 2.4 2.4
pH adjusting agent .3, q.s g5 q. s
pH 4.5 4.5 4.2 4.5

[0134]  (Test Method)

Murine model of experimental myopia: Spectacle lens-induced myopia model was
established by placing -10D lens on the right eye of the mice (C57BL/6J), which
served as the experimental eye, at post-natal day 24. Briefly, a -10D lens (PMMA
spectacle lens in blue tint, radius of outer curvature 8.5 mm, inner curvature 8§ mm,
lens thickness 0.5 mm) was glued to an annulus (with 8 mm base curve) of Velcro.
This mating piece was then attached to the Velcro that had been glued to the hair
around the right experimental eye using a cyanoacrylate. Through this set up, we made
sure that an air gap of 1.5 mm existed between the back part of the lens and the
anterior surface of the cornea.

[0135]  Ocular biometry methods: Ocular biometry such as axial length and refractive error
measurements were done using in vivo Optical Low Coherence Interferometry
(OLCI-AcMaster) and automated eccentric photorefractor respectively. The axial
length was measured at post-natal days 38 and 66, whereas the animal eyes were
refracted at days 52 and 66.

Drug treatment: Atropine sulphate (at 0.01 % concentration) with and without hy-
droxyethyl cellulose were administered once a day at post-natal day 39 until day 66 in
the spectacle lens-induced myopia model. 7 uL. of each drug was administered
topically to the right eye in dim red light each day.

[0136]  (Test Results)

(1) Action for inhibiting the elongation of eye axial length
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[0137]

[0138]

The results in Examples B to D are shown in Table 9.
The ratio for inhibiting the elongation of eye axial length with each Example was
calculated by the following equation:

Difference of eye axial lengths (mm) = [eye axial length on day 66] - [eye axial length
on day 38]

Ratio (%) for inhibiting the elongation of eye axial length with Example B =

( [Difference of eye axial lengths in Example B administration group]

- X
[Difference of eye axial lengths in Example A administration group]) 100

Ratio (%) for inhibiting the elongation of eye axial length with Example C =

[Difference of eye axial lengths in Example € administration group| w 100
[Difference of eye axial lengths in Example A administration group] '

Ratio (%) for inhibiting the elongation of eye axial length with Example D =

( | Difference of eye axial lengths in Example D administration group]) i
[ Difference of eye axial lengths in Example A administration group]
Table 9
Example Ratio (%) for inhibiting the slongation of
eye axial lenogth
B ¢
C 5.81
D 24.65

(2) Action for improving the refractive error
The results in Examples A to D are shown in Table 10.
Change in refractive error (diopters) = [degree of refraction (diopters) on day 66] -

[degree of refraction (diopters) on day 52]

Table 10
Bxample Change in refractive error (diopters)
A -1.9
B -2.7
C -0.6
D +0.7
(Discussion)

The aqueous composition comprising the water-soluble polymer, but no atropine
(Example B) had no action for inhibiting the elongation of eye axial length. On the
other hand, it has been found that the aqueous composition comprising atropine and
further the water-soluble polymer (Example D) has more potent action for inhibiting

the elongation of eye axial length than the aqueous composition comprising atropine,
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but no water-soluble polymer (Example C).
In addition, as is the case with the action for inhibiting the elongation of eye axial
length, it has been found that that the aqueous composition comprising atropine and
further the water-soluble polymer (Example D) has more potent action for improving
the refractive error than the aqueous composition comprising atropine, but no water-
soluble polymer (Example C).
As is apparent from the results of Examples 1 and 3 in Tables 1 and 2, it is shown that
the addition of a water-soluble polymer cannot create an adverse impact on the
mydriatic action of atropine. Thus, an aqueous composition comprising atropine and a
water-soluble polymer is expected to become an agent for inhibiting myopia pro-
gression which has a lower mydriatic action.

Preparation Examples

Medications of the present invention will be more specifically described by way of
preparation examples; however, it should be noted that the present invention will not
be limited only to those preparation examples.

Formulation Example 1: Eye Drop (0.01% (w/v))

In 100 mi,

Atropine sulfate hydrate 0.01 g
Hydroxyethyl cellulose 0.3 g
Sodium dihydrogen phosphate 0.1 g
Concentrated glycerin 2.4 g
pH adjusting agent .S
Sterile purified water g5

To sterile purified water are added atropine sulfate hydrate and the other ingredients
as listed above. These ingredients are mixed well to prepare the above-described eye
drop.

Formulation Example 2: Eye Drop (0.004% (w/v))

In 100 ml,

Atropine sulfate hydrate
Hydroxyethyl cellulose
Sodium dihydrogen phosphate
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Concentrated glycerin .4
pH adjusting agent q.s.
Sterile purified water q.s.

To sterile purified water are added atropine sulfate hydrate and the other ingredients
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as listed above. These ingredients are mixed well to prepare the above-described eye
drop.
Industrial Applicability

It has been shown that an aqueous composition comprising 0.001 - 0.1 % (w/v)
atropine or a salt thereof, a water-soluble polymer, and buffer (I), which is at a pH
range of 6 or lower, wherein the buffer (I) is at least one selected from the group
consisting of a phosphate buffer, an aminocarboxylate buffer, a carbonate buffer, an
acetate buffer, a tartrate buffer, a borate buffer, and trometamol, has a potent action for
inhibiting the elongation of eye axial length and improving the refractive error without
exacerbating the mydriatic action of atropine. Additionally, it has been also shown that
the above aqueous composition, but which comprises no benzalkonium chloride or a
limited amount of benzalkonium chloride, has a lower mydriatic action. Furthermore, it
has been also shown that, in an aqueous composition comprising atropine or a salt
thereof and a water-soluble polymer which is at a pH range of 6 or lower, the addition
of a nonionic tonicity agent can make it possible to inhibit the debasement over time of
the viscosity given by the water-soluble polymer and additionally maintain the stability
of atropine or a salt thereof. The present aqueous composition is expected to inhibit or
prevent the progression of myopia and lead to a lesser degree of mydriasis, and lesser

loss of accommodation so as to be optimal in terms of quality of life.
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Claims
[Claim 1]
An aqueous composition comprising 0.001 - 0.1 % (w/v)

atropine or a salt thereof as a single active ingredient, a
water-soluble polymer, and buffer (I), which is at a pH range
of 6 or lower, wherein the buffer (I) is at least one selected
from the group consisting of a phosphate buffer and an

aminocarboxylate buffer.

[Claim 2]
The aqueous composition of claim 1, wherein the buffer (I)

is a phosphate buffer.

[Claim 3]

The aqueous composition of claim 1, wherein the
aminocarboxylate buffer is at least one selected from the
group consisting of epsilon-aminocaproic acid, a glutamate

buffer, and an aspartate buffer.

[Claim 4]

The aqueous composition according to any one of claims 1 to
3, wherein

the phosphate buffer is derived from at least one selected

from the group consisting of dibasic sodium phosphate hydrate,
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sodium dihydrogen phosphate, sodium dihydrogen phosphate
monohydrate, sodium dihydrogen phosphate dihydrate,
potassium dihydrogen phosphate, sodium monohydrogen
phosphate heptahydrate, trisodium phosphate, and dipotassium

phosphate.

[Claim 5]
The aqueous composition according to any one of claims 1 to

4, further comprising a citrate buffer as buffer (II).

[Claim 6]

The aqueous composition of claim 5 wherein the citrate buffer
is derived from at least one selected from the group
consisting of citric acid hydrate, sodium citrate, sodium
citrate hydrate, potassium citrate, calcium citrate, sodium

dihydrogen citrate, and disodium citrate.

[Claim 7]

The aqueous composition according to any one of claims 1 to
6, wherein the water-soluble polymer is at least one selected
from the group consisting of a cellulose derivative,

carboxyvinyl polymer and sodium alginate.

[Claim 8]

The aqueous composition of claim 7, wherein the cellulose
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derivative is at least one selected from the group consisting
of hydroxyethyl cellulose, hydroxypropyl methylcellulose,
methyl cellulose, ethyl cellulose, hydroxymethyl cellulose,
hydroxypropyl cellulose, hydroxyethyl methyl cellulose,
carboxymethyl cellulose, sodium carboxymethyl cellulose,
hypromellose acetate succinate, hypromellose phthalate,
carboxymethylethyl cellulose, and cellulose acetate

phthalate.

[Claim 9]

The aqueous composition of c¢laim 7 or 8, wherein the
cellulose derivative is at least one selected from the group
consisting of hydroxyethyl cellulose and hydroxypropyl

methylcellulose.

[Claim 10]
The agqueous composition according to any one of claims 7 to

9, wherein the cellulose derivative is hydroxyethyl

cellulose.
[Claim 11]
An aqueous composition comprising 0.001 - 0.1 % (w/v)

atropine or a salt thereof as a single active ingredient,
hydroxyethyl cellulose, and buffer (I), which is at a pH

range of 6 or lower, wherein the buffer (I) is a phosphate
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buffer.

[Claim 12]
The aqueous composition of claim 11, further comprising a

citrate buffer as buffer (II).

[Claim 13]
The aqueous composition according to any one of claims 1 to

12, which comprises less than 50 ppm benzalkonium chloride.

[Claim 14]
The aqueous composition according to any one of claims 1 to
13, which does not substantially comprise Dbenzalkonium

chloride.

[Claim 15]
The aqueous composition according to any one of claims 1 to

14, further comprising a nonionic tonicity agent.

[Claim 16]

The aqueous composition of claim 15, wherein the nonionic
tonicity agent 1is at least one selected from the group
consisting of glycerin, mannitol, propylene glycol,
polyethylene glycol, glucose, sorbitol, xylitol and

trehalose.
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[Claim 17]
The aqueous composition of claim 15 or 16, wherein the
nonionic tonicity agent is at least one compound selected

from the group consisting of glycerin and mannitol.

[Claim 18]
The aqueous composition according to any one of claims 15 to

17, wherein the nonionic tonicity agent is glycerin.

[Claim 19]
The aqueous composition according to any one of claims 1 to

18, wherein the concentration of the buffer is 0.001 - 10 %

o\

(w/v) .

[Claim 20]
The agqueous composition according to any one of claims 5 to

10 and 12 to 19, wherein the concentration of citrate buffer

is 0.001 - 1.0 % (w/v).

[Claim 21]
The agqueous composition of claim 20, wherein the

concentration of citrate buffer is 0.01 - 0.05 % (w/v).

[Claim 22]

The aqueous composition according to any one of claims 1 to
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21, wherein the concentration of the water-soluble polymer

is 0.01 - 5 % (w/v).

[Claim 23]
The aqueous composition according to any one of claims 15 to
22, wherein the concentration of the nonionic tonicity agent

is 0.01 to 10 % (w/v).

[Claim 24]
The aqueous composition according to any one of claims 1 to

23, which is at a pH range of less than 5.

[Claim 25]
The aqueous composition according to any one of claims 1 to

23, which is at a pH range of 4 - 6.

[Claim 26]
The aqueous composition according to any one of claims 1 to

25, wherein the concentration of phosphate buffer is 0.01 -

1.0 & (w/v).
[Claim 27]

The aqueous composition according to any one of claims 1 to
26, wherein the concentration of the atropine or a salt

thereof is 0.001 to 0.025% (w/v).
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[Claim 28]
The aqueous composition according to any one of claims 1 to
27, wherein the concentration of the atropine or a salt

thereof 1s 0.001 to 0.01% (w/v).

[Claim 29]
The aqueous composition according to any one of claims 1 to
28, wherein the atropine or a salt thereof 1is atropine

sulfate or a hydrate thereof.

[Claim 30]
The aqueous composition according to any one of claims 1 to

29, which is enclosed in a unit-dose container.

[Claim 31]
The aqueous composition according to any one of claims 1 to

30, wherein the aqueous composition is an eyedrop.

[Claim 32]
The aqueous composition according to any one of claims 1 to

31, for inhibiting and/or preventing progression of myopia.
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[Claim 33]
Use of an aqueous composition according to any one of claims
1 to 31 in the preparation of a medicament to inhibit and/or

preventing the progression of myopia.





