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Tank 1 - Polymer solution
SOLUTION B
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Collect about 60% of total batch
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and maintain at 45°C +5°C
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Add Viscosity Modifier slowly and
mix at 45°C £ 5°C until a clear
sglution 1s obtained
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; Sterilize the Polymer Solution via moist

heat sterilization. Cool the solution to 20-
25°C and mix for NLT 120 minuies.
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Sterile Bulk Formulation of I
Atropine Sulfate
Ophthalmic Solution
Mix the contents not less than 60
minhutes - .
é Transfer the filtered Drug
- Sclution (A)in Tank 2 to
Transfer the sternle bulk formulation Polymer Solution (B) In Tank 1
into a sterile storage holding tank for
filling
: STERILE FILTRATION
i Two 0.22 ym PES membrane filter
connected in-series
PARTICULATE REDUCTION |
FILTRATION .

Filter the contents via 40 um
Polypropylene (PP) membrane filter
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Tank 2 - Drug Solution
SOLUTION A
Collect about 30% of batch weight

of Wi and cool to 20 — 25°C
and initiate mixing

}

Add Chelator and mix until a clear
solutionis obtained

v

i Add First Buffer Component and mix

unil a clear solution is obtained
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Add second Buffer Component and
mix unid a clear solution i1s obitained

e

Add tonicity agent and mix until a
clear solution iIs obtained

FILLING
Target Fill Volume: 0.38g in
BF5 ampule

Measure initial pH. Adjust pH to
5.120.2 using Hydrochloric Acid/
S0dum Hydroxide Solution
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Add Atropine Sulfate Monohydrate
and mix until a clear solution Is
obtained

Collect additional guantity of WFI to
make up the total batch weight in
compounding Tank 2 after filtration

of the Solution A,
cool down {o 20-25°C.
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ATROPINE PHARMACEUTICAL
COMPOSITIONS

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.

This application 1s a Reissue of U.S. Pat. No. 10,576,074
issued on Mar. 3, 2020, which is a continuation application
of US application with the Ser. No. 15/976,279, which was
filed May 10, 2018, now U.S. Pat. No. 10,251,875, and

which claims priority to US provisional application with the
Ser. No. 62/505,027, which was filed May 11, 2017.

FIELD OF THE INVENTION

The field of the invention 1s pharmaceutical compositions
comprising atropine sulfate, especially as 1t relates to vari-
ous storage stable, ready-to-use, preservative free composi-
tions, and method of manufacturing such compositions.

BACKGROUND

The background description includes information that
may be useful 1n understanding the present invention. It 1s
not an admission that any of the information provided herein
1s prior art or relevant to the presently claimed invention, or
that any publication specifically or implicitly referenced 1s
prior art.

All publications and patent applications herein are incor-
porated by reference to the same extent as 1f each individual
publication or patent application were specifically and 1ndi-
vidually indicated to be imncorporated by reference. Where a
definition or use of a term 1n an incorporated reference 1s
inconsistent or contrary to the definition of that term pro-
vided herein, the defimtion of that term provided herein
applies and the definition of that term 1n the reference does
not apply.

Atropine 1s the tropine ester of tropic acid and 1s generally
available as the sulfate salt. Nonenzymatic spontaneous
hydrolysis of aqueous atropine yields tropine and tropic acid
that are nontoxic but do not have biological activity in
ophthalmic use. Stability has been tested, for example, for
certain 1njectable formulations and degradation was
observed over time for in-date and out-of-date formulations
(Acad Emerg Med April 2004, Vol. 11, No. 4:329-334).
Notably, atropine loss was significant 1n most cases, but less
than 25% of the starting concentration. However, these
formulations 1included atropine at high concentrations
between 0.4 mg/ml and 2 mg/ml and had a very low pH
(typically equal or less than pH4), which 1s in most cases
unsuitable for ophthalmic use.

In ophthalmic use, atropine 1s marketed as Atropine Care
(Akorn) formulated as a 1% drug solution for treatment of
amblyopia and further contains 0.01% w/w of the preserva-
tive benzalkonium chloride. In another indication, atropine
has also been used 1n several pediatric studies to slow down
the progression ol myopia. More specifically, children who
received topically administered atropine drops had a slower
disease progression than a control group in the same study.
Advantageously, children receiving eye drops contaiming
low atropine concentrations (e.g., in the range of 0.01-
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2

0.05%% w/v (0.01% w/w)) had significantly less photopho-
bia and other side eflects (see e.g., Ophthalmology, 2015:

1-9). Indeed, the use of low-dose (1.e., 0.01%) atropine has
become a preferred treatment of choice 1 slowing the
progression of myopia. Unfortunately, the toxic eflects of
benzalkonium chloride have been demonstrated in the lab
and in the clinic, and include tear film instability, loss of
goblet cells, conjunctival squamous metaplasia and apopto-
s1s, disruption of the corneal epithelium barrier, and damage
to deeper ocular tissues (see e.g., Prog Retin Eve Res. 2010
Jul. 29(4):312-34).

In still further known compositions and methods, atropine
formulations are described 1n WO 2017/204262 that include
various bufler ingredients and water soluble polymers in
which most formulations had a pH of about 4.3, 4.5, or 5.0
at an atropine concentration of 0.01% w/w. While such
formulations were shown to reduce progression ol myopia
without exacerbating mydnatic action of atropine, stability
ol atropine as measured by an increase 1n tropic acid was
less than desirable within as little as four weeks.

As normal tears have a pH of about 7.4, an ophthalmic
solution should have the same pH as the lacrimal fluid.
However, this 1s a challenge for an ophthalmic solutions
containing atropine sulfate, as atropine sulfate 1s subjected
to a greater degree of hydrolysis in solutions that are closer
to neutral and basic pH conditions. Thus, atropine 1s more
stable 1n ophthalmic solutions with a more acidic pH. For
example, Atropine Care with a 1% w/w concentration of
atropine 1s maintained at pH 3.5, but the shelf life 1s still
limited to 15 months. Moreover, the degradation of atropine
to tropic acid 1 aqueous solution 1s notably accelerated with
reduced concentrations of atropine (e.g., U.S. Pat. No.
9,421,199), which still further compounds stability issues,
particularly in low-dose atropine formulations.

To reduce hydrolytic degradation, water in low-dose
atropine formulations can be at least 1n part replaced with
deuterated (heavy) water as 1s described in the U.S. Pat. No.
9,421,199 patent. While conceptually attractive to use
kinetic 1sotope eflects 1n stability, various disadvantages
nevertheless remain. Among other things, at least some of
the formulations of the 199 patent still contained a preser-
vative. Moreover, deuterated water 1s still known to be
subject to H/D exchange, and as such delivers deuterium to
a subject receiving such formulations.

Alternatively, atropine may also be delivered at reduced
concentrations from a cross-linked non-degradable polymer
matrix as 1s described i US 2016/033894°/. Unfortunately,
to maintain the polymer away from the cornea, a shaped
implant must be worn on the sclera that 1s typically not well
tolerated or may produce discomfort.

Therefore, there 1s a need for improved storage stable
ready-to-use compositions that contain atropine at low con-
centrations, have a physiologically desirable pH, and pret-
erably do not contain a preservative.

SUMMARY OF THE INVENTION

The inventive subject matter 1s directed to ready-to-use
atropine compositions having improved stability and a
physiologically acceptable pH. Most preferably, such com-
positions are also substantially preservative free.

In one aspect of the inventive subject matter, the inventors
contemplate a liquid storage-stable low-dose ophthalmic
atropine composition that comprises an aqueous solution
comprising a bufler, a tonicity agent, a viscosity modifier,
and atropine or a pharmaceutically acceptable salt thereof,
wherein the atropine or the pharmaceutically acceptable salt
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thereot 1s present 1n the ophthalmic atropine composition in
an amount of equal or less than 0.05 wt %, wherein the
bufler has a concentration of equal or less than 75 mM, and
wherein the ophthalmic atropine composition has a pH of
between 5.0 and 6.0, and wherein the ophthalmic atropine
composition 1s formulated such that after storage over at
least two months at 25° C. and 60% relative humidity equal
or less than 0.35% tropic acid 1s formed from degradation of
the atropine.

Preferably, atropine or the pharmaceutically acceptable
salt thereol 1s atropine sulfate, and 1s present in the oph-
thalmic atropine composmon in an amount of equal or less
than 0.02 wt %, or 1n an amount of equal or less than 0.01
wt %, or 1n an amount of between 0.01% and 0.05 wt %, or
in an amount of between 0.001 wt % and 0.01 wt %. Most
typically, the bufler has a concentration of equal or less than
60 mM, or equal or less than 50 mM. It 1s further contem-
plated that the bufler comprises monobasic and dibasic
sodium phosphate. In further embodiments, the composition
will further comprise a chelator, typically a bicarboxylic
acid, a tricarboxylic acid, or an aminopolycarboxylic acid,
and the chelator i1s present in the ophthalmic atropine
composition in an amount of equal or less than 0.01 w %.

Additionally, 1t 1s contemplated that the ophthalmic atro-
pine composition has apH o1 5.0 (+/-0.2), or has a pH of 5.5
(+/-0.2), or has a pH of 6.0 (+/-0.2). The tonicity agent 1s
preferably a pharmaceutically acceptable salt that 1s present
in the ophthalmic atropine composition in an amount of
between 0.2 wt % and 0.8 wt %. In still further embodi-
ments, the viscosity modifier 1s a modified cellulose, and
preferably a hydroxyethyl cellulose, a hydroxypropyl cellu-
lose, or a hydroxypropyl methylcellulose. Moreover, it 1s
generally preferred that the ophthalmic atropine composi-
tion 1s substantially free of a preservative.

Therefore, the mventors also contemplate a liquid stor-
age-stable low-dose ophthalmic atropine composition that
consists essentially of an aqueous solution comprising a
bufler, a tonicity agent, a chelator, a viscosity modifier, and
atropine or a pharmaceutically acceptable salt thereof. In
such compositions 1t 1s preferred that the atropine or the
pharmaceutically acceptable salt thereof 1s present in the
ophthalmic atropine composition 1in an amount of equal or
less than 0.05 wt %, that the buller has a concentration of
equal or less than 75 mM, and that the ophthalmic atropine
composition has a pH of between 3.0 and 6.0. Moreover,
such ophthalmic atropine compositions are formulated such
that after storage over at least two months at 25° C. and 60%
relative humidity equal or less than 0.33% tropic acid 1s
formed from degradation of the atropine.

Most typically, the atropine or the pharmaceutically
acceptable salt thereot 1s atropine sulfate, and the atropine or
a pharmaceutically acceptable salt thereof 1s present 1n the
ophthalmic atropine composition 1n an amount of equal or
less than 0.02 wt %, or 1in an amount of equal or less than
0.01 wt %, or 1n an amount of between 0.001 wt % and 0.01
wt %. In some embodiments, the buller has a concentration
of equal or less than 60 mM, or has a concentration of equal
or less than 50 mM. 1t 1s further contemplated that the butler
comprises monobasic and dibasic sodium phosphate. The
chelator 1s typically a bicarboxylic acid, a tricarboxylic acid,
or an aminopolycarboxylic acid. For example, suitable
chelators include ethylenediaminetetraacetic acid (EDTA),
typically present 1n the ophthalmic atropine composition in
an amount of equal or less than 0.01 wt %.

In other embodiments, the ophthalmic atropine composi-
tion has a pH of between 5.0 (+/-0.2) and 5.5 (+/-0.2), or

has a pH of between 3.5 (+/-0.2) and 6.0 (+/-0.2), and/or the
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tonicity agent 1s a pharmaceutically acceptable salt that 1s
present in the ophthalmic atropine composition 1n an amount
of between 0.2 wt % and 0.8 wt %. Suitable viscosity
modifiers include a hydroxyethyl cellulose, a hydroxypropyl
cellulose, and a hydroxypropyl methylcellulose. Most typi-
cally, the ophthalmic atropine composition 1s substantially
free of a preservative.

For example, contemplated compositions include those 1n
which the atropine or a pharmaceutically acceptable salt

thereol 1s present in the ophthalmic atropine composition in
an amount of between 0.001 wt % and 0.01 wt %, wherein
the butler comprises monobasic and dibasic sodium phos-
phate and has a concentration of equal or less than 50 mM,
wherein the viscosity modifier 1s a hydroxyethyl cellulose, a
hydroxypropyl cellulose, or a hydroxypropyl methylcellu-
lose, and wherein the ophthalmic atropine composition 1s
substantially free of a preservative. In other examples,
contemplated compositions include those 1n which the atro-
pine or a pharmaceutically acceptable salt thereof 1s present
in the ophthalmic atropine composition in an amount of
between 0.01 wt % and 0.05 wt %, wherein the bufler
comprises monobasic and dibasic sodium phosphate and has
a concentration of equal or less than 50 mM, wherein the
viscosity modifier 1s a hydroxyethyl cellulose, a hydroxy-
propyl cellulose, or a hydroxypropyl methylcellulose, and
wherein the ophthalmic atropine composition 1s substan-
tially free of a preservative.

Viewed from a different perspective, the inventors also
contemplate a storage-stable preservative-free ophthalmic
atropine composition that comprises an aqueous solution
comprising low-dose atropine or a pharmaceutically accept-
able salt thereof, a low-strength bufler, a pharmaceutically
acceptable salt, and a cellulosic viscosity modifier, wherein
the low- strength builer has a concentration of equal or less
than 50 mM, and wherein the low-dose atropine 1s present
at a concentration of equal or less than 0.05 wt %, and
wherein the ophthalmic atropine composition 1s substan-
tially free of a preservative.

For example, the low-dose atropine 1n such compositions
1s present at a concentration of equal or less than 0.01 wt %,
or 1s present 1n the ophthalmic atropine composition 1n an
amount of between 0.01% and 0.02 wt %, or 1s present in the
ophthalmic atropine composition 1n an amount of between
0.001 wt % and 0.01 wt %. Most typically, the atropine or
a pharmaceutically acceptable salt thereof 1s atropine sul-
fate, and/or the low-strength bufler comprises a first and a
second bufler component (e.g., monobasic and dibasic
sodium phosphate). Most typically, the ophthalmic atropine
composition has a pH of between 5.0 and 6.0, or a pH of
between 5.5 (+/-0.2) and 6.0 (+/-0.2). Contemplated com-
positions will typically also include a chelator (e.g., a
bicarboxylic acid, a tricarboxylic acid, an aminopolycarbox-
ylic acid) that 1s preferably present in an amount of 0.01 wt
% (+/-20% abs.). It 1s turther contemplated that the phar-
maceutically acceptable salt 1s present 1in the ophthalmic
atropine composition in an amount of between 0.2 wt % and
0.8 wt %, or in an amount of 0.5 wt % (+/-0.2 wt %).

Preferred cellulosic viscosity modifiers include a
hydroxyethyl cellulose, a hydroxypropyl cellulose, or a
hydroxypropyl methylcellulose, typically present in an
amount of 0.5 wt % (+/-0.1 wt %) of the ophthalmic
atropine composition. In preferred embodiments, the oph-
thalmic atropine composition i1s formulated such that after
storage over at least two months at 25° C. and 60% relative
humidity equal or less than 0.35% tropic acid 1s formed from
degradation of the atropine.
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For example, in contemplated compositions the atropine
or a pharmaceutically acceptable salt thereof 1s present 1n the
ophthalmic atropine composition 1n an amount of between
0.001 wt % and 0.01 wt %, wherein the low-strength builer
comprises monobasic and dibasic sodium phosphate, and
wherein the ophthalmic atropine composition has a pH of
between 3.5 (+/-0.2) and 6.0 (+/-0.2). In another example,
the atropine or a pharmaceutically acceptable salt thereof 1s
present 1n the ophthalmic atropine composition in contem-
plated compositions 1s present i an amount of between
0.001 wt % and 0.01 wt %, wherein the ophthalmic atropine
composition further comprises a chelator 1n an amount of
0.01 wt % (+/-20% abs.) of the ophthalmic atropine com-
position, and wherein the ophthalmic atropine composition
has a pH of between 3.5 (+/-0.2) and 6.0 (+/-0.2). Alter-
natively, the low-strength buller in contemplated composi-
tions comprises monobasic and dibasic sodium phosphate,
wherein the composition further comprises a chelator 1n an
amount of 0.01 wt % (+/-20% abs.) of the ophthalmic
atropine composition, wherein the ophthalmic atropine com-
position has a pH of between 5.5 (+/-0.2) and 6.0 (+/-0.2),
wherein the salt 1s present 1n the ophthalmic atropine com-
position 1 an amount of 0.5 wt % (+/-0.2 wt %), and
wherein the cellulosic viscosity modifier 1s present 1 an
amount of 0.5 wt % (+/-0.1 wt %) of the ophthalmic
atropine composition.

In still another aspect of the inventive subject matter, the
inventors also contemplate a method of increasing storage
stability of atropine 1n a liqud low-dose ophthalmic formu-
lation. Typical low-doses are between 0.01 wt % and 0.02 wt
%, or between 0.001 wt % and 0.01 wt %, or equal or less
than 0.01 wt % of the ophthalmic formulation. Preferred
methods will include a step of formulating an aqueous
solution with a low-strength bufler system that includes a
first and second bufiler component, wherein the low-strength
bufler system has a concentration of equal or less than 75
mM bufler, and a further step of including into the aqueous
solution a pharmaceutically acceptable salt, a viscosity
modifier, and a chelator. In still another step, atropine or a
pharmaceutically acceptable salt thereof 1s included into the
formulation at a low dose (e.g., equal or less than 0.05 wt %
of the ophthalmic formulation), and the pH of the ophthal-
mic formulation 1s adjusted to a pH between 5 and 6.
Preferably, the ophthalmic formulation 1s formulated such
that after storage over at least two months at 25° C. and 60%
relative humidity equal or less than 0.33% tropic acid 1s
formed from degradation of the atropine.

For example, the first and second builer components are
monobasic and dibasic sodium phosphate, respectively, and
the low-strength buller system has a concentration of equal
or less than 50 mM bufler. Additionally, it 1s contemplated
that the pharmaceutically acceptable salt 1s sodium chloride,
typically present 1n the ophthalmic atropine composition in
an amount of 0.5 wt % (+/-0.2 wt %) of the ophthalmic
formulation. Moreover, 1t 1s preferred that the chelator 1s a
bicarboxylic acid, a tricarboxylic acid, or an aminopolycar-
boxylic acid (e.g., EDTA), preferably in an amount of 0.01
wt % (+/-20% abs.) of the ophthalmic formulation.

In other embodiments, the viscosity modifier 1s a cellu-
losic viscosity modifier, such as a hydroxyethyl cellulose, a
hydroxypropyl cellulose, or a hydroxypropyl methylcellu-
lose. Most typically the cellulosic viscosity modifier is
present in an amount of 0.5 wt % (+/-0.1 wt %) of the
ophthalmic formulation. In still further embodiments, the
cellulosic viscosity modifier 1s prepared as a separate solu-
tion, and combined with the aqueous solution containing the
bufler system, the pharmaceutically acceptable salt, the
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viscosity modifier, the chelator, and the atropine or the
pharmaceutically acceptable salt thereof. Where desired, the
aqueous solution 1s formulated using deoxygenated water.
Most typically, the pH of the formulation 1s between 5.5
(+/-0.2) and 6.0 (+/-0.2), and the atropine or a pharmaceu-
tically acceptable salt thereof i1s atropine sulfate. Preferably,
contemplated methods also include a step of sterilizing the
ophthalmic formulation, and especially sterile filtration. As
desired, the ophthalmic formulation 1s then filled nto a
single-use or multi-dose container.

Additionally, the mnventors also contemplate a method of
preparing a storage stable liquid low-dose atropine ophthal-
mic formulation that includes the steps of formulating in a
first container a low-strength bufiler low-dose atropine solu-
tion, and subjecting the low-strength bufler low-dose atro-
pine solution to sterile filtration to obtain a sterile low-
strength bufler low-dose atropine solution, wherein the
low-strength bufler has a first and a second bufler compo-
nent that form a low-strength bufller system having a con-
centration of equal or less than 75 mM in the ophthalmic
formulation, wherein the atropine 1s present in an amount of
equal or less than 0.05 wt % of the ophthalmic formulation,
and wherein the low-strength buller low-dose atropine solu-
tion further comprises a tonicity agent and a chelator. In
another step, a polymer solution 1s formulated in a second
container, and the polymer solution 1s sterilized in a process
other than sterile filtration (e.g., autoclaving) to so obtain a
sterile polymer solution. Most typically, the polymer solu-
tion comprises a polymer to modily viscosity of the low-
strength bufller low-dose atropine solution upon combina-
tion. In yet another step, the sterile low-strength bufler
low-dose atropine solution and the sterile polymer solution
are combined to obtain a sterile liquid low-dose ophthalmic
formulation.

Typically, the first and second bufler components are
monobasic and dibasic sodium phosphate, respectively, and/
or the low-strength bufler system has a concentration of
equal or less than 50 mM bufler 1n the ophthalmic formu-
lation. The atropine 1s typically present in an amount of
between 0.01 wt % and 0.02 wt %, or between 0.001 wt %
and 0.01 wt %, or equal or less than 0.01 wt % of the
ophthalmic formulation. Most preferably, the tonicity agent
1s a pharmaceutically acceptable salt, typically sodium chlo-
ride n an amount of 0.5 wt % (+/-0.2 wt %) of the
ophthalmic formulation. Moreover, the chelator 1s typically
a bicarboxylic acid, a tricarboxylic acid, or an aminopoly-
carboxvylic acid (e.g., EDTA), preferably in an amount of
0.01 wt % (+/-20% abs.) of the ophthalmic formulation.

It 1s still further contemplated that the polymer 1s a
cellulosic polymer, and especially a hydroxyethyl cellulose,
a hydroxypropyl cellulose, or a hydroxypropyl methylcel-
lulose. Preferably, the cellulosic polymer 1s present in an
amount of 0.5 wt % (+/-0.1 wt %) of the ophthalmic
formulation, and/or the pH of the low-strength builer low-
dose atropine solution 1s adjusted to a pH between 5 and 6,
or between 3.5 (+/-0.2) and 6.0 (+/-0.2).

In further embodiments, the step of combining comprises
mixing the sterile low-strength builer low-dose atropine
solution and the sterile polymer solution for at least 30
minutes, and optionally turther comprises a step of filling the
ophthalmic formulation into a multi-dose container. Prefer-
ably, the ophthalmic formulation 1s formulated such that
alter storage over at least two months at 25° C. and 60%
relative humidity equal or less than 0.33% tropic acid 1s
formed from degradation of the atropine.

Consequently, the inventors also contemplate a treatment
kit for treatment of myopia that includes a first container that
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contains a liquid storage-stable low-dose atropine ophthal-
mic formulation, wherein the first container 1s configured as
a disposable single-use container or a multi-dose container,
and a second container enclosing the first container, wherein
the liquid storage-stable low-dose atropine ophthalmic for-
mulation comprises an aqueous solution comprising a butler,
a tonicity agent, a viscosity modifier, and atropine or a
pharmaceutically acceptable salt thereof, wherein the atro-
pine or the pharmaceutically acceptable salt thereof 1s pres-
ent 1n the ophthalmic atropine composition 1 an amount of
equal or less than 0.05 wt %, wherein the bufler has a
concentration ol equal or less than 75 mM, and wherein the
ophthalmic atropine composition has a pH of between 5.0
and 6.0, and wherein the ophthalmic atropine composition 1s
tformulated such that after storage over at least two months
at 25° C. and 60% relative humidity equal or less than 0.35%
tropic acid 1s formed from degradation of the atropine.

For example, 1n some embodiments, the first container 1s
a blow-fill-seal (BSF) container and/or the second container
1s a laminated metallized pouch. In other embodiments, the
atropine or pharmaceutically acceptable salt thereof 1s pres-
ent 1n the ophthalmic atropine composition 1 an amount of
equal or less than 0.01 wt %, or in an amount of between
0.01 wt % and 0.05 wt %, or 1n an amount of between 0.001
wt % and 0.01 wt %. Most preferably, the bufler has a
concentration of equal or less than 75 mM, or equal or less
than 50 mM. For example, preferred bullers comprise
monobasic and dibasic sodium phosphate, and may further
comprise a chelator (e.g., a bicarboxylic acid, a tricarboxylic
acid, or an aminopolycarboxylic acid such as EDTA) that 1s
present in the ophthalmic atropine composition 1n an amount
of equal or less than 0.01 wt %.

Most typically, the ophthalmic atropine composition has
apHotf 5.0(+-0.2),orapH of 5.5 (+/-0.2), ora pH of 6.0
(+/-0.2), and 1t 1s further contemplated that the tonicity
agent 1s a pharmaceutically acceptable salt that 1s present 1n
the ophthalmic atropine composition 1n an amount of
between 0.2 wt % and 0.8 wt %. Preferred viscosity modi-
fiers are modified celluloses such as a hydroxyethyl cellu-
lose, a hydroxypropyl cellulose, or a hydroxypropyl meth-
ylcellulose. Still further, 1t 1s preferred that the ophthalmic
atropine composition 1s substantially free of a preservative.

Various objects, features, aspects and advantages of the
inventive subject matter will become more apparent from
the following detailed description of preferred embodi-
ments.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 depicts an exemplary production process for the
storage stable and low-dose atropine ophthalmic formula-
tion.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

The 1nventive subject matter 1s directed to stable aqueous
ophthalmic compositions of atropine (and pharmaceutically
acceptable salts thereof) in a ready-to-use form that are
sterile and preferably substantially free of preservatives. The
stability of contemplated compositions 1s characterized by
low degradation of atropine to tropic acid at low atropine
concentrations, as well as by a physiologically desirable pH.
For example, liquid and storage-stable low-dose ophthalmic
atropine compositions will typically have stability upon
storage over at least two months at 25° C. and 60% relative
humidity such that equal or less than 0.33% tropic acid 1s
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formed by the degradation of atropine in the formulation.
Most preferably, the compositions are also free of preser-
vatives, and particularly benzalkonium chlornide that 1s com-
monly used as a preservative. Such stability 1s particularly
unexpected where the atropine concentration in the ophthal-
mic composition 1s relatively low (e.g., 0.02 wt %) and
where the composition has a relatively high pH (e.g.,
between 5.0 and 6.0) as 1t was generally known that atropine
stability decreases at decreasing concentrations and increas-
ing pH.

While not wishing to be bound by any particular theory or
hypothesis, the inventors contemplate that low bulfler
strength using a two-component builer system at a pH near
to a neutral pH (such as pH 5.0-6.0) reduces hydrolysis of
atropine to tropic acid where atropine concentrations are
relatively low (e.g., equal or less than 0.05 wt %, or equal
or less than 0.02 wt %, or equal or less than 0.01 wt %).
Unless mdicated otherwise, all percentages are weight per-
centages (wt %) or expressed as weight by volume (w/v).
Moreover, it 1s noted that weight percentages of atropine
sulfate provided herein are based on atropine sulfate mono-
hydrate.

More specifically, and as 1s described 1n more detail
below, the inventors discovered that low-dose ophthalmic
atropine compositions can be prepared with atropine in a
ready-to-use concentration (e.g., for treatment ol myopia)
that have a near-physiological pH, and that preferably lack
any preservative in the formulation. Surprisingly, the storage
stability at two months at 25° C. and 60% RH of the
ophthalmic compositions presented herein 1s remarkably
high, with tropic acid formation from atropine hydrolysis in
most cases at or below 0.35%, at or below 0.30%, or at or
below 0.28%. Similarly, contemplated formulations at accel-
crated storage conditions over two months at 40° C. and
75% RH also exhibited an equally favorable profile with
tropic acid formation 1n most cases at or below 1.7%, at or
below 1.5%, at or below 1.3%, or at or below 1.2%.

Therefore, contemplated atropine formulations of the
inventive subject matter can be advantageously provided 1n
a ready-to-use format that avoids the 1nconvenience associ-
ated with diluting concentrated atropine formulations into
diluents prior to adminmistration. Thus, the ready-to-use for-
mulations also eliminate microbial contamination risks and/
or calculation errors associated with dilution. Most typically,
contemplated formulations will be available 1n a range of
concentrations commonly required by medical practitioners
for treatment ol myopia, and particularly pediatric myopia.
Consequently, atropine will typically be present 1n formu-
lations 1 an amount of equal or less than 0.05 wt %, or 1n
an amount of equal or less than 0.02 wt %, or 1n an amount
of equal or less than 0.01 wt %. For example, the atropine
or a pharmaceutically acceptable salt thereof may be present

in the ophthalmic composition 1 an amount of between
0.01% and 0.05 wt %, between 0.001 wt % and 0.02 wt %,

or between 0.001 wt % and 0.01 wt %. As will be readily
appreciated, atropine for the preparation of contemplated
formulations may be atropine or any suitable pharmaceuti-
cally acceptable salt thereotf, including mineral salts (e.g.,
HC1 salt) and organic salts (e.g., sulfate). Sumilarly, where
desired, the atropine may also be used in any suitable
prodrug form.

For example, 1n one exemplary embodiment, the concen-
tration of atropine in contemplated atropine formulations 1s
from about 0.001% to about 0.05% (w/w); or from about
0.005% to about 0.043% (w/w), or from about 0.006% to
about 0.035% (w/w), or from about 0.007% to about 0.030%
(w/w), or from about 0.008% to about 0.025% (w/w), or
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from about 0.009% to about 0.022% (w/w), or from about
0.01% to about 0.021% (w/w) or from about 0.01% to about
0.02% (w/w).

In another exemplary embodiment, the concentration of
atropine 1n contemplated atropine formulations 1s from
about 0.001% to about 0.05% (w/w); or from about 0.005%
to about 0.045% (w/w), or from about 0.006% to about
0.035% (w/w), or from about 0.007% to about 0.030%
(w/w), or from about 0.008% to about 0.025% (w/w), or
from about 0.009% to about 0.022% (w/w), or from about
0.01% to about 0.021% (w/w) or from about 0.01% to about
0.02% (w/w).

In still an exemplary embodiment, the concentration of
atropine in contemplated atropine formulations 1s about
0.001%, or about 0.002%, or about 0.003%, or about
0.004%, or about 0.005%, or about 0.006%, or about
0.007%, or about 0.008%, or about 0.009%, or about 0.01%,
or about 0.011%, or about 0.012%, or about 0.013%, or
about 0.014%, or about 0.015%, or about 0.016%, or about
0.017%, or about 0.018%, or about 0.019%, or about 0.02%,
or about 0.021%, or about 0.022%, or about 0.023%, or

about 0.024%, or about 0.025%, or about 0.026%, or about
0.027%, or about 0.028%, or about 0.029%, or about
0.030%, or about 0.031%, or about 0.032%, or about
0.033%, or about 0.034%, or about 0.035%, or about
0.036%, or about 0.037%, or about 0.038%, or about
0.039%, or about 0.040%, or about 0.041%, or about
0.042%, or about 0.043%, or about 0.044%, or about
0.045%, or about 0.046%, or about 0.047%, or about

0.048%, or about 0.049% or about 0.0499% (w/w).

In yet an exemplary embodiment, the concentration of

atropine 1 contemplated atropine formulations 1s about
0.001%, or 0.002%, or 0.003%, or 0.004%, or 0.005%, or

0.006%, or 0.007%, or 0.008%, or 0.009%, or 0.01%, or
0.011%, or 0.012%, or 0.013%, or 0.014%, or 0.015%, or
0.016%, or 0.017%, or 0.018%, or 0.019%, or 0.02%, or
0.021%, or 0.022%, or 0.023%, or 0.024%, or 0.025%, or
0.026%, or 0.027%, or 0.028%, or 0.029%, or 0.030%, or
0.031%, or 0.032%, or 0.033%, or 0.034%, or 0.035%, or
0.036%, or 0.037%, or 0.038%, or 0.039%, or 0.040%, or
0.041%, or 0.042%, or 0.043%, or 0.044%, or 0.045%, or
0.046%, or 0.047%, or 0.048%, or 0.049% or 0.0499%
(w/w).

In further exemplary embodiments, the concentration of
atropine 1n contemplated atropine formulations 1s from
about 0.005% to about 0.015% (w/w), or from about 0.015%
to about 0.023% (w/w), or about 0.01% (w/w), or about
0.02% (w/w), or from 0.005% to 0.015% (w/w), or from
0.015% to 0.025% (w/w), or 0.01% (w/w), or 0.02% (w/w),
or Irom about 0.001% (w/w) to about 0.01% (w/w), or from
about 0.005% (w/w) to about 0.02% (w/w), or from about
0.008% (w/w) to about 0.012% (w/w).

Suitable buflers are generally buflers that stabilize the pH
of the contemplated liquid formulations 1n a near-neutral pH
range, for example between pH 4.0 and 7.5, or between pH
4.5 and 6.5, and more preferably between pH 5.0 and 6.0.
Therefore, and most typically the pH of contemplated for-
mulations will be equal or less than 6.5 and more typically
equal or less than 6.0, and most typically less than 5.8, but
higher than 4.5, more typically higher than 5.0, and most
typically higher than 5.2. For example, suitable atropine
compositions may have a pH of 3.0 (+/-0.2), or a pH of 3.5
(+/-0.2), or a pH of 6.0 (+/-0.2).

In further aspects of the inventive subject matter, the
inventors discovered that the bufler system and/or bufler
may have an unexpected mfluence on atropine stability as 1s
discussed 1 more detaill below. Most notably, once the
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bufler concentration was adjusted to 75 mM or less at a pH
of between 5.0-6.0, the stability of the atropine dramatically
increased at normal and accelerated storage conditions as
determined by HPLC quantification of tropic acid that 1s a
byproduct of atropine hydrolysis. While not limiting to the
inventive subject matter, the bufler strength 1s typically
relatively low, for example, equal or less than 100 mM,
equal or less than 75 mM, equal or less than 60 mM, equal
or less than 50 mM, or between 5 mM and 50 mM (e.g., 10
mM, 20 mM, 30 mM, 40 mM).

Therefore, 1n exemplary embodiments, the bullering sys-
tem 1s 1n the pharmaceutical composition 1n a concentration
of from about 10 mM to about 75 mM, or from about 10 mM
to about 60 mM, or from about 0.1 mM to about 60 mM, or
from about 0.1 mM to about 55 mM, or from about 0.1 mM
to about 350 mM, or from about 5 mM to about 60 mM, or
from about 0.1 mM to about 10 mM, or from about 1 mM
to about 10 mM, or from about 9 mM to about 20 mM, or
from about 15 mM to about 25 mM, or from about 19 mM
to about 29 mM, or from about 24 mM to about 34 mM., or
from about 29 mM to about 39 mM, or from about 34 mM
to about 44 mM, or from about 39 mM to about 49 mM, or
from about 44 mM to about 54 mM, or from about 19 mM
to about 54 mM, or from about 25 mM to about 54 mM.

Of course, 1t should be appreciated that there are many
types of buller systems and buflers known 1n the art, and all
of those are deemed suitable for use herein, including butler
systems comprising an acid and a salt of the acid, a first and
a second salt (e.g., monobasic and dibasic salt), and ampho-
teric buller molecules. For example, suitable bufler systems
with an acid and a salt of the acid include citric acid/sodium
citrate buflers, ethanoic acid/sodium ethanoate buflers, boric
acid/sodium borate, while suitable buflers having a first and
a second salt include monobasic sodium phosphate/dibasic
sodium phosphate, or monobasic sodium phosphate/sodium
citrate, etc. Similarly, suitable amphoteric bufler molecules
include HEPES, MOPS, PIPES, MES, etc.

Moreover, 1n further contemplated aspects, the formula-
tion will also include one or more chelating agents, and
particularly metal 1on chelators. For example, suitable chela-
tors include various bicarboxylic acids, tricarboxylic acids,
and aminopolycarboxylic acids such as ethylenediaminetet-
raacetic acid (EDTA), ethylene glycol-bis({[3-aminoethyl
cther)-N,N,N',N'-tetraacetic acid (EGTA), and penta(car-
boxymethyl)diethylenetriamine (DTPA), and salts and
hydrates thereof. While not limiting to the inventive subject
matter, 1t 1s contemplated that the metal 1on chelators wall
slow down both the baseline and metal 1on-stimulated
hydrolysis of atropine. Remarkably, the inventors unexpect-
edly observed that the desirable eflect of the chelators was
observable at relatively low concentrations of the chelators.
For example, reduction of the baseline and metal 10n-
stimulated hydrolysis of atropine was observed at chelator
concentrations of between 10 pg/ml and 50 ug/ml, between
50 ng/ml and 250 pg/ml, and between 100 ug/ml and 500
ug/ml. Viewed form a different perspective, chelator con-
centrations of equal or less than 0.03 wt %, or equal or less
than 0.02 wt %, or equal or less than 0.01 wt % are especially
advantageous. Interestingly, the chelators, and especially the
aminopolycarboxylic acids retained stabilizing efifect at low
concentrations despite the relatively low pH favoring pro-
tonated forms of the chelators.

Consequently, suitable chelating agents include mono-
meric polyacids such as EDTA, cyclohexanediamine tet-
raacetic acid (CDTA), hydroxyethylethylenediamine tri-
acetic acid (HEDTA), diethylenetriamine pentaacetic acid
(DTPA), dimercaptopropane sulfonic acid (DMPS),
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dimercaptosuccmic acid (DMSA), aminotrimethylene phos-
phonic acid (ATPA), citric acid, ophthalmologically accept-
able salts thereof, and combinations of any of the foregoing.
Further suitable chelating agents include pyrophosphates,
tripolyphosphates, and, hexametaphosphates, chelating anti-
biotics such as chloroquine and tetracycline, nitrogen-con-
taining chelating agent containing two or more chelating
nitrogen atoms within an 1mino group or 1n an aromatic ring,
(e.g., dumines, 2,2-bipyridines, etc.), and various
polyamines such as cyclam (1,4,7,11-tetraazacyclotetrade-
cane), N—(C,-C,, alkyl)-substituted cyclams (e.g., hexade-
cyclam, tetramethylhexadecylcyclam), diethylenetriamine
(DETA), spermine, diethylnorspermine (DENSPM), dieth-
ylhomo-spermine (DEHOP), and deferoxamine (N'-[5-[[4-
[[5-(acetylhydroxyamino)pentyl]amino]-1.,4-dioxobutyl Jhy-
droxy-amino]pentyl]-N'-(5-aminopentyl)-N-
hydroxybutanediamide; also known as desferrioxamine B
and DFO).

With respect to suitable salts 1t 1s contemplated that the
salt 15 a pharmaceutically acceptable salt that can be used to
increase tonicity. Therefore, pharmaceutically acceptable
salts are contemplated, and especially NaCl, at a concentra-
tion of at least 0.2 wt %, or at least 0.4 wt %, or at least 0.5
wt %, or at least 0.7 wt %. For example, suitable salt
concentrations are between 0.2 wt % and 1.1 wt %, 0.4 wt
% and 0.9 wt %, or 0.3 wt % and 0.7 wt %. Depending on
the particular salt concentration, additional tonicity agents
may be added and suitable tonicity agents include glycerol,
thioglycerol, mannitol, lactose, and dextrose. The amount of
tonicity adjusting agent used can be adjusted to obtain
osmolality of the formulations in the range of 260 to 340
mOsm/kg. An osmometer can be used to check and adjust
the amount of tonicity adjusting agent to be added to obtain
the desired osmolality.

As contemplated formulations are used as an ophthalmic
formulation, 1t 1s generally preferred that the formulation
also includes a viscosity modifier to adjust the viscosity of
the formulation to a dynamic viscosity of between 5 and 50
cP (centipoise), and more preferably between 10 and 40 cP,
and most preferably between 10 to 30 cP. While there are
numerous viscosity modifiers known in the art such as
various polymers, glycerol, and polysaccharidic polymers
(all of which are contemplated herein), especially preferred
viscosity modifiers include cellulosic viscosity modifiers.
For example, particularly preferred cellulosic viscosity
modifiers include modified and unmodified hydroxyethyl
cellulose, hydroxypropyl cellulose, and hydroxypropyl
methylcellulose.

As will be readily appreciated, the exact quantity of the
viscosity modifier may vary depending on the type of
modifier used and desired final viscosity. For example,
where the viscosity modifier 1s a cellulosic modifier and the
final viscosity should be between 1 and 30 cP, suitable
quantities of the modifier will typically be 1n the range of 0.5
wt % (+/-0.1 wt %) of the ophthalmic atropine composition.
The person of ordinary skill will be readily able to adjust the
viscosity to a desired measure using viscometers (e.g.,
rotational, vibration, etc.) well known 1n the art.

In exemplary embodiments, suitable concentrations of the
viscosity modifier 1n contemplated ophthalmic formulations
may be any value less than 5% (w/w). For example, suitable

concentrations of the viscosity modifier include 0.01% to
4.99% (w/w); or 0.05% to 4.50% (w/w), 0.10% to 3.50%

(w/w), 0.15% to 3.00% (w/w), 0.20% to 2.50% (w/w),
0.21% to 2.20% (w/w), 0.22% to 2.10% (w/w), 0.23% to
2.00% (wiw), 0.24% to 1.90% (w/w); 0.25% to 1.80%
(w/w), 0.26% to 1.70% (w/w), 0.27% to 1.60% (w/w),
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0.28% to 1.50% (w/w), 0.29% to 1.40% (w/w), 0.30% to
1.30% (w/w), 0.31% to 1.2% (w/w), 0.32% to 1.10% (w/w),
0.33% to 1.00% (w/w), 0.34% to 0.90% (w/w); 0.35% to
0.80% (w/w), 0.36% to 0.75% (w/w), 0.37% to 0.70%
(w/w), 0.38% to 0.69% (w/w), 0.39% to 0.68% (w/w),
0.40% to 0.67% (w/w), 0.41% to 0.66% (w/w), 0.42% to
0.65% (w/w), 0.43% to 0.64% (w/w), 0.44% to 0.63%
(w/w), 0.45% to 0.62% (w/w), 0.45% to 0.61% (w/w),
0.45% to 0.60% (w/w), 0.45% to 0.59% (w/w), 0.45% to
0.58% (w/w), 0.45% to 0.57% (w/w), 0.45% to 0.56%
(w/w), 0.45% to 0.55% (w/w), 0.46% to 0.54% (w/w),
0.47% to 0.53% (w/w), 0.48% to 0.52% (w/w) or 0.49% to
0.51% (w/w).

Therefore, appropriate concentrations of the viscosity
modifier 1n contemplated ophthalmic formulations include

0.01%, 0.02%, 0.03%, 0.04%, 0.05%, 0.06%, 0.07%,
0.08%, 0.09%, 0.10%, 0.11%, 0.12%, 0.13%, 0.14%,
0.15%, 0.16%, 0.17%, 0.18%, 0.19%, 0.20%, 0.21%.,
0.22%, 0.23%, 0.24%, 0.25%, 0.26%, 0.27%, 0.28%,
0.29%, 0.30%, 0.31%, 0.32%, 0.33%, 0.34%, 0.35%,
0.36%, 0.37%, 0.38%, 0.39%, 0.40%, 0.41%, 0.42%,
0.43%, 0.44%, 0.45%, 0.46%, 0.47%, 0.48%, 0.49%,
0.50%, 0.51%, 0.52%, 0.53%, 0.54%, 0.55%, 0.56%,
0.57%, 0.58%, 0.59%, 0.60%, 0.61%, 0.62%, 0.63%,
0.64%, 0.65%, 0.66%, 0.67%, 0.68%, 0.69%, 0.70%,
0.71%, 0.72%, 0.73%, 0.74%, 0.75%, 0.76%, 0.77%,
0.78%, 0.79%, 0.80%, 0.81%, 0.82%, 0.83%, 0.84%,
0.85%, 0.86%, 0.87%, 0.88%, 0.89%, 0.90%, 0.91%,
0.92%, 0.93%, 0.94%, 0.93%, 0.96%, 0.97%, 0.98%,
0.99%, 1.00%, 1.10%, 1.20%, 1.30%, 1.40%, 1.50%,
1.60%, 1.70%, 1.80%, 1.90%, 2.00%, 2.10%, 2.20%,
2.30%, 2.40%, 2.50%, 2.60%, 2.70%, 2.80%, 2.90%,
3.00%, 3.10%, 3.20%, 3.30%, 3.40%, 3.50%, 3.60%,
3.70%, 3.80%, 3.90%, 4.00%, 4.10%, 4.20%, 4.30%,
4.40%, 4.50%, 4.60%, 4.70%, 4.80%, 4.90% and 4.99%
(W/w).

It should further be appreciated that contemplated com-
positions are substantially free of preservatives (1.e., preser-
vatives not more than 0.01 wt %, and more typically not
more than 0.005 wt %). For example, preservatives that are
typically not included are benzalkonium chloride, cetrimide
or cetrimonium chloride or bromide, benzododecinium bro-
mide, miramine, cetylpyridimium chloride, polidronium
chloride or polyquaternium-1, polyquaternium-42 (also
known as polixetonium), sepazonium chloride; mercurial
derivatives such as the phenylmercury salts (acetate, borate
or nitrate), mercuriothiolate sodium (otherwise called thio-
mersal or thimerosal) and mercurobutol; amidines such as
chlorhexidine digluconate or polyhexamethylene biguanide
(PHMB); alcohols such as chlorobutanol or phenylethanol
or benzyl alcohol or phenol or m-cresol or phenoxyethanol;
parabens or esters such as parahydroxybenzoic acid, meth-
ylparaben, and propylparaben).

Indeed, the mventors unexpectedly discovered that the
formulations without preservatives had the same stability as
with preservatives.

With respect to the sterilization of contemplated formu-
lations 1t should be appreciated that contemplated formula-
tions may be sterilized using all known manners of steril-
1ization, including filtration through 0.22 micron filters, heat
sterilization, autoclaving, radiation (e.g., gamma, electron
beam, microwave). Advantageously, and as 1s shown in
more detail below, the inventors have also discovered that
contemplated formulations can be compounded from two
batches 1n which the viscosity agent 1s separately sterilized
using high-pressure saturated steam at 121° C. (for at least
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5, or at least 10, or at least 15 minutes) from the atropine,
butler, and salt solution that was independently filter steril-
1zed.

For example, in one preferred aspect of the inventive
subject matter as depicted in the FIGURE, the production of
the ophthalmic solution 1s performed using two distinct
production tracks 1n which the viscosity modifier solution 1s
separately prepared and sterilized from the drug solution.
Most notably, such process allowed for rapid and complete
dissolution of the atropine, tonmicity, builer components, and
chelator, while also enabling a sterilization process that
reduces or even entirely eliminates thermal hydrolysis of
atropine. Upon preparation of the sterile atropine solution,
that solution can then be combined with the wviscosity
modifier solution that was also sterilized. While conceptu-
ally sterilizable using filter sterilization as was the case with
the atropine solution, heat sterilization using an autoclave
was Tound to help fully dissolve the viscosity modifier and
render the viscous solution readily mixable with the drug
solution. Viewed from a different perspective, it should
therefore be appreciated that the separate preparation and
sterilization process avoided various difliculties that would
be otherwise associated with single batch preparation,
including increased mixing time of the component to dis-
solve buller, tonicity agent, and chelator at increased agita-
tion, 1ncreased sterile filtration time due to higher viscosity,
etc.

Based on the so achieved stability, the combined solutions
contemplated herein can be further filtered through a particle
filter (e.g., 40 micron polypropylene filter), and filled 1n to
a polyethylene, polypropylene or low-density polyethylene
containers using preformed containers 1n single-use format
or multi-dose format, or using a blow-fill-seal (BFS) pro-
cess. BFS 1s a form of advanced aseptic manufacturing
wherein the container 1s formed, filled, and sealed in one
continuous, automated system not requiring human inter-
vention. The process begins with the extrusion of plastic
granules 1n the form of a hot hollow pipe of molten plastic
called a parison. The next step 1s the blow molding of the
container with an open top through which the container is
filled, all while the plastic remains hot and 1n a molten state.
Once filled, the container 1s hermetically sealed and cooled.
The blow-1ill seal process can take several seconds, and
contemplated ready-to-inject compositions advantageously
are formulated to withstand the temperature and pressure
requirements without substantial degradation of atropine
(c.g., less than 5 wt %, less than 3 wt %, less than 2 wt %,
less than 1 wt % degradation).

Once the atropine formulations are filled 1n large volume
polymeric, semi-permeable infusion containers (e.g., BFS
container, typically 1.0 mLL BFS ampoules), the containers

can optionally be layered or covered with a secondary
packaging system including an aluminum pouch.

No. Ingredient

1  Atropine Sulfate
Sodium Dihydrogen
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The following examples are provided for illustrative
purposes only and should not be interpreted as limiting the
present 1nvention.

EXAMPLES

The following examples illustrate some of the experi-
ments leading to the formulations according to the mnventive
subject matter, however, should not be construed to limit the
scope of the claims 1n any way.

Quantitative Analyses:

A combined test method based on Ultra Performance
Liquid Chromatography (UPLC) was developed to perform
identification, assay and determination of related com-
pounds 1n a single run. This was accomplished by using a
reversed-phase gradient UPLC with the UV detection
including on-line acquisition of UV absorption spectra.
Octadecylsilyl-functionalized silica with sub-2 um particles
was used as a stationary phase for chromatographic analysis.
The mobile phase 1s prepared by mixing an aqueous buller
solution with an acidic pH and an acetonitrile-water mixture.
Quantification of the active ingredient and related com-
pounds 1s performed by comparing corresponding peak
responses from a Sample Solution to the atropine peak
response from a Standard solution. Relative response factors
are used to correct for chemical structure effects on the
responses. Two 1dentification methods are icorporated nto
this test method. Atropine 1s 1dentified based on the retention
time of the major peak 1n the Sample Solution chromato-
gram and on the UV absorption spectrum acquired within

this peak.

Exemplary Formulations and Stability Tests

Ophthalmic ready-to-use low-dose atropine formulations
were prepared using a two-step process substantially as
shown 1 FIG. 1.

Step 1—Preparation of the Polymer Solution Phase: To
about 60% of WFI the required quantity of HPMC was
added slowly and mixed until a clear solution was observed.
The solution was then subjected to autoclaving at 121° C. for
a period of about 30 min.

Step 2—Preparation of the Drug Solution Phase: To about
30% of WFI the required quantities of disodium edetate,
monobasic sodium phosphate, dibasic sodium phosphate
and sodium chlornide were added sequentially upon complete
dissolution of each ingredient. The pH of the solution was
measured and adjusted to about 5.5+£0.1 using hydrochloric
acid/sodium hydroxide. To the above solution atropine sul-
fate was added and mixed until there was complete disso-
lution.

The Drug Solution from Step 2 was then mixed with the
Polymer Solution 1n Step 1. The batch volume was made up
using WEFI to yield the pharmaceutical composition. Tables
1-3 provide exemplary formulations with and without tonic-
ity agent, with EDTA and low EDTA, and at varying builer
strengths.

TABL

LL]
[—

100 mM Buffer Composition

100 mM Buffer Composition (Low EDTA)
% WiV % WiV % W/V % WiV
0.01 0.01 0.01 0.01
0.059 0.06 0.059 0.06

Phosphate Anhydrous

3 Disodium Hydrogen

1.15 1.16 1.15 1.16

Phosphate Anhydrous
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100 mM Buffer Composition
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100 mM Buffer Composition (Low EDTA)
No. Ingredient % wWiv % wiv % wWiv % wiv
4  Edetate Sodium 0.10 0.10 0.01 0.01
Sodium Chloride — — — —
6 Hypromellose 2910 0.50 0.50 0.50 0.50
(Benecel ™ E4M Pharml)
7 Hydrochloric Acid Q.S. for pH adjustment Q.S. for pH adjustment
8 Sodium Hydroxide Q.S. for pH adjustment Q.S. for pH adjustment
9  Water for Injection Q.S. to 100% Q.S. to 100%
TABLE 2
75 mM Bufler No Buffer
Composition Composition
with NaCl With NaCl
No. Ingredient % w/v % w/v % WiV % w/v
1  Atropine Sulfate 0.01 0.01 0.01 0.01
2 Sodmum Dihydrogen 0.044 0.04 — —
Phosphate Anhydrous
3 Disodium Hydrogen 0.863 0.87 — —
Phosphate Anhydrous
4  Edetate Sodium 0.1 0.1 0.1 0.1
5 Sodmum Chloride 0.15 0.15 0.9 0.91
6 Hypromellose 2910 0.5 0.5 0.5 0.5
(Benecel ™ E4M Pharml)
7 Hydrochloric Acid Q.S. for pH adjustment  Q.S. for pH adjustment
&  Sodium Hydroxide Q.S. for pH adjustment  Q.S. for pH adjustment
9  Water for Injection Q.S. to 100% Q.S. to 100%
TABLE 3
50 mM Bufler 50 mM Bufler 50 mM Bufler
Composition Composition Composition
without NaCl with NaCl with NaCl, low EDTA
No. Ingredient % wiv % wiv % WiV % wi/v % w/v % wiv
1 Atropine Sulfate 0.01 0.01 0.01 0.01 0.01 0.01
2 Sodium Dihydrogen 0.0295 0.03 0.0295 0.03 0.0295 0.03
Phosphate
Anhydrous
3 Disodium Hydrogen 0.575 0.58 0.575 0.58 0.575 0.58
Phosphate
Anhydrous
4 Edetate Sodium 0.1 0.1 0.1 0.1 0.01 0.01
5 Sodium Chloride — — 0.25 0.25 0.25 0.25
6 Hypromellose 2910 0.5 0.5 0.5 0.5 0.5 0.5
(Benecel ™ E4M
Pharml)
7 Hydrochloric Acid Q.S. for pH adjustment  Q.S. for pH adjustment  Q.S. for pH adjustment
& Sodium Hydroxide Q.S. for pH adjustment  Q.S. for pH adjustment  Q.S. for pH adjustment
9  Water for Injection Q.58. to 100% Q.S. to 100% Q.8. to 100%
Unless otherwise indicated, pharmaceutical compositions tions (see URL: ich.org). Pouched ampoules subjected to

of '

able 3 (50 mM Bu

sub-

stability studies at 25° C.£2° C./60%=x5% R
International Committee on Harmonization stability condi-

—y

er Composition with NaCl) were 60
1ected to long term stability studies. Lab scale batches of
atropine sulfate ophthalmic solution were manufactured,
(approx. 0.4 mL) filled into 1 mL Blow-Fill-Seal (BFS)
ampoules, and were further packaged 1n aluminum pouches.
A number of pouched ampoules were subjectec

 to long term
H as per the

65

these long term stability studies were collected after 1 week,
2 weeks, 3 weeks, 1 month, 2 months, and 3 months of
stability storage, opened, and tested for levels of atropine

sulfate, tropic acid, pH (where applicable) and viscosity
(where applicab.
measured using t.

in Tables 4-8.

e). Atropine and tropic acid levels were
he UPLC method, and the results are shown
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TABLE 4

100 mM buflered compositions

Long term Stability (25° C./60% RH)

Sample 1 2 3 1 2 3
Information Test Parameter Initial week weeks  weeks month months months
Assay of Atropine Sulfate 101.0 101.4 102.0 101.6 101.5 101.0 100.6
Viscosity 23.15 — — — 24.00 — —
pH 5.52 5.55 5.55 5.51 5.53 5.66 5.58
Tropic acid (RRT 0.88) ND 0.1 0.13 0.19 0.22 042 0.71
Assay of Atropine Sulfate 104.2 103.4 103.3 103.2 101.3 102.4 —
Tropic acid (RRT 0.88) ND 0.07 0.08 0.12 0.15 0.30 —
Assay of Atropine Sulfate 98.7 97.7 98 98.1 98 — —
pH 5.55 5.40 5.41 542 5.43 — —
Tropic acid (RRT 0.88) ND ND 0.07 0.09 0.12 — —
Low EDTA  Assay of Atropine Sulfate 98.2 97.3 97.7 97.7 97.1 — —
pH 5.55 5.40 5.40 541 5.42 — —
Tropic acid (RRT 0.88) ND ND 0.31 0.1 0.12 — —
TABLE 35
75 mM buffered with NaCl Compositions
[Long term Stability (25° C./60% RH)
Sample 2 3 1 2 3
Information Test Parameter Initial 1 week weeks weeks month months months
Assay of Atropine Sulfate 102.4 101.9 101.7 101.5  101.3 101.0 —
pH 5.28 — — — — — —
Tropic acid (RRT 0.88) ND 0.05 0.08 0.1 0.15 0.33 —
TABLE 6
50 mM buffered Without NaCl Compositions
Long term Stability (25° C./60% RH)
Sample 1 2 3 1 2 3
Information Test Parameter Initial week weeks weeks month months months
Assay of Atropine Sulfate 96.8 96.9 97.2 97.8 97.9 96.9 97.6
pH 538 5.32 5.23 — — — 5.38%
Tropic acid (RRT 0.88) ND 0.1 0.1 0.1 0.12 0.23 0.36
Low EDTA  Assay of Atropine Sulfate 96.1 959 95.6 95.6 95.9 - -
pH 544  5.40 5.32 5.41 543 — —
Tropic acid (RRT 0.88) ND ND ND 0.07 0.09 — —
TABLE 7
50 mM buflered with NaCl Compositions
Long term Stability (25° C./60% RH)
Sample 1 2 3 1 2 3
Information Test Parameter Initial week weeks weeks month months months
Assay of Atropine Sulfate 098.6 98.3 98.4 98.1 9% 97.6 —
pH 539 — — — — 5.36 —
Tropic acid (RRT 0.88) ND 0.05 0.07 0.08 0.12 0.25 —
Low EDTA  Assay of Atropine Sulfate 08.8 98 98 98 97.9 — —

pH
Tropic acid (RRT 0.88)

541 5.31 5.32 5.35 5.33 — —
ND ND 0.05 0.06 0.09 — —

18
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TABLE 8
No Bufler Composition
Long term Stability (25° C./60% RH)
Sample 1 2 3 1 2 3
Information Test Parameter Initial  week  weeks weeks month months months
Assay of Atropine Sulfate 103.7 103.0 103.0 103.0 102.4 101.9 —
I%ipic acid (RRT 0.88) TE) 304 EO’? 309 312 528 :

As can be readily seen from the above results, atropine
solutions with a reduced amount of buflering system con-
centration (75 mM, and particularly 50 mM and less) had
much lower levels of tropic acid (atropine degradation
product) after already 1 month. Regression analysis was
used to extrapolate the degradation levels at the end of 24
months. Based on extrapolation methods commonly used in
the art, the 50 mM and no bullered concentrations have a
shelf life of 18-24 months, which 1s 3-9 months beyond the
15 month extrapolated shelf life for the 100 mM composi-
tion.

The above compositions were also subjected to acceler-
ated stability studies. Lab scale batches of atropine sulfate

15

20

ophthalmic solution were manufactured, (approx 0.4 mlL)
filled mto 1 mL Blow-Fill-Seal (BFS) ampoules, and were
further packaged 1n aluminum pouches. A number of
pouched ampoules were subjected to accelerated stability
studies at 40° C.x2° C./75%=x5% RH as per the International
Committee on Harmonization stability conditions. Pouched
ampoules subjected to these accelerated stability studies
were collected after 1 week, 2 weeks, 3 weeks, 1 month, 2
months, and 3 months of stability storage, opened, and tested
for levels of atropine sulfate, tropic acid viscosity (where
applicable). Atropine and tropic acid levels were measured

using the UPLC method, and the results are shown in Tables
0-13.

TABLE 9
100 mM buflered compositions
Accelerated Stability (40° C./75% RH)
Sample 1 2 3 1 2 3
Information Test Parameter Initial week weeks  weeks month months months
Assay of Atropine Sulfate 101.0 101.6 99.3 101.1 100.0 97.5 95.2
Viscosity 23.15 — — — 19.96 — —
pH 5.52 5.55 5.55 5.51 5.48 5.60 5.55
Tropic acid (RRT 0.88) ND 0.3 0.76 0.79 0.97 1.98% 3.02
Assay of Atropine Sulfate 104.2 103.1 102.7 102.3 101.7 99.7 —
Tropic acid (RRT 0.88) ND 0.19 0.35 0.57 0.67 1.52 —
Assay of Atropine Sulfate 98.7 97.6 97.4 97.1 95.6 — —
pH 5.55 5.41 542 5.41 5.43 — —
Tropic acid (RRT 0.88) ND 0.14 0.32 0.46 0.58 — —
Low EDTA  Assay of Atropine Sulfate 98.2 97 96.9 96.7 96.3 — —
pH 5.55 5.40 5.40 541 542 — —
Tropic acid (RRT 0.88) ND 0.16 0.31 0.45 0.58 — —
TABLE 10
75 mM buffered with NaCl CDmpDSitiDHS
Accelerated Stability (40° C./75% RH)
Sample 1 2 3 1 2 3
Information Test Parameter Initial week weeks  weeks month months months
Assay of Atropine 102.4 101.5 101.0 100.4 90.8% 08.0 —
Sulfate
pH 5.28 — — — — — —
Tropic acid (RRT 0.88) ND 0.21 0.36 0.63 0.73 1.64 —
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TABLE 11
50 mM buffered Without NaCl compositions
Accelerated Stability (40° C./75% RH)
Sample 1 2 3 1 2 3
Information Test Parameter Initial week weeks weeks month months months
Assay of Atropine Sulfate 96.8 97 97.5 97.6 96.9 108.6 95.1
pH 5.38 5.31 5.25 — — — 5.37
Tropic acid (RRT 0.88) ND 0.2 0.3 0.4 0.55 1.16 1.67
Low EDTA  Assay of Atropine Sulfate 96.1 95.1 95.3 94.9 95.2 — —
pH 544 5.37 541 5.36 5.37 — —
Tropic acid (RRT 0.88) ND 0.1 0.21 0.31 0.42 — —
TABLE 12
50 mM buffered with NaCl compositions
Accelerated Stability (40° C./75% RH)
Sample 1 2 3 1 2 3
Information Test Parameter Initial week weeks weeks month months months
Assay of Atropine Sulfate 98.6 98.1 97.7 97.2 97.2 95.6 —
pH 5.39 — — — — 5.42 —
Tropic acid (RRT 0.88) ND 0.15 0.26 0.39 0.5 1.12 —
Low EDTA  Assay of Atropine Sulfate 98.8 97.6 97.3 97.1 97.1 — —
pH 541 5.33 5.35 5.32 5.34 — —
Tropic acid (RRT 0.88) ND 0.09 0.23 0.34 0.45 — —
TABLE 13
No Buffer Composition
Accelerated Stability (40° C./75% RH)
Sample 1 2 3 1 2 3
Information Test Parameter Initial week weeks  weeks month months months
Assay of Atropine Sulfate 103.7 102.9 102.4 102.2 101.7 99.9 —
pH - - = = = = =
Tropic acid (RRT 0.88) ND 0.15 0.26 0.4 0.51 1.17 —

Once more, it can be readily taken from the data that
atropine solutions with a reduced amount of buflering sys-
tem concentration (75 mM, and particularly 50 mM and less)
had much lower levels of tropic acid (atropine degradation
product) after already 1 month. Regression analysis was
utilized to extrapolate the degradation levels at the end of 24
months. Based on extrapolation methods commonly used in

the art, the 50 mM and no buflered concentrations will have
a shelf life of 18-24 months, which 1s 3-9 months beyond the
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15 month extrapolated shelf life for the 100 mM composi-
tion.

Additional Stability Studies using further variations in
composition again established that lower bufler strength,
especially with a two component bufler system provide
increased stability of the ophthalmic low-dose atropine
formulations having compositions as shown 1n Tables 14-15

at both normal and accelerated storage conditions below
(results shown 1n Tables 16-19.

No. Ingredient

1 Atropine Sulfate

Monohydrate
2  Monobasic Sodium
Phosphate Anhydrous
3 Dibasic Sodium
Phosphate Anhydrous

5 Sodium Chloride

Edetate Disodium Dihydrate

TABLE 14
Lot: RD-019-020 Lot: RD-019-023 Lot: RD-001-185
mg/mL mg/mL mg/mlL

0.1 0.1 0.1

0.59 0.59 0.442
11.5 11.5 8.63

1.0 0.1 1.0

— — 1.5
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6 Hypromellose 2910
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TABLE 14-continued

Lot: RD-019-020
mg/mL

(Benecel E4M Pharm)
7 Hydrochloric Acid

20

Sodium Hydroxide

9  Water for Injection

5.0

Lot: RD-019-023
mg/mL

Lot: RD-001-185
mg/mL

5.0 5.0

g.s. for pH adjustment q.s. for pH adjustment q.s. for pH adjustment
g.s. for pH adjustment q.s. for pH adjustment q.s. for pH adjustment

g.s. to 100%

g.s. to 100% g.s. to 100%

S. No. Ingredient

1 Atropine Sulfate

Monohydrate

2 Monobasic Sodium
Phosphate Anhydrous

3 Dibasic Sodium Phosphate
Anhydrous

4 Edetate Disodium Dihydrate

5 Sodium Chloride

6 Hypromellose 2910
(Benecel E4M Pharm)

7 Hydrochloric Acid
8 Sodium Hydroxide

9 Water for Injection

Lot Number

Lot:
RD-019-020

Lot:
RD-019-023

Lot:
RD-001-185

Test Parameter

pH

Assay of Atropine Sulfate

Related

Compounds
(o)

(7o)

Tropic acid
Unknown
(RRT = 1.21)
Apoatropine

Total
impurities
pH

Assay of Atropine Sulfate

Related
Compounds
(o)

(o)

Tropic acid
Unknown
(RRT = 1.21)
Apoatropine

Total
Impurities
pH

Assay of Atropine Sulfate

Related

Compounds
(o)

(7o)

Tropic acid
Unknown
(RRT = 1.21)
Apoatropine

Total
Impurities

TABLE 15
Lot: RD-019-026 Lot: RD-019-029 Lot: RD-001-179
mg/mlL mg/mlL mg/mlL
0.1 0.1 0.1
0.295 0.295 —
5.75 5.75 —
1.0 0.1 1.0
— 2.5 9.0
5.0 5.0 5.0

TABLE 16

g.s. to 100%

Various formulations

q.s. for pH adjustment q.s. for pH adjustment q.s. for pH adjustment
q.s. for pH adjustment q.s. for pH adjustment q.s. for pH adjustment

g.s. to 100% g.s. to 100%

Initial

53.55
98.7
ND
ND

ND

ND

5.55
98.2

D

N
ND

ND

ND

5.28

102.4

D

N
ND

ND

ND

Accelerated Stability (40° C./75% RH)

1 2 3 1 2 3
week weeks  weeks month months months
5.41 542 541 5.43 5.37 5.32
97.6 97.4 97.1 95.6 058 04.4
0.14 0.32 0.46 0.58 1.45 2.20
0.19 0.24 0.24 0.25 0.26 0.2
ND 0.05 0.06 0.06 0.12 0.17
0.3 0.6 0.8 0.9 1.8 2.6
5.40 5.40 541 5.42 5.36 5.32
97 96.9 96.7 96.3 05.2 04.3
0.16 0.31 0.45 0.58 1.41 2.14
0.18 0.22 0.23 0.24 0.24 0.23
ND 0.04 0.06 0.06 0.13 0.16
0.3 0.6 0.7 0.9 1.8 2.5
NT NT NT NT 5.46 NT
101.5 101.0 100.4 99.8 08.0 96.2
0.21 0.36 0.63 0.73 1.64 243
0.23 0.25 0.25 0.25 0.25 0.25
0.04 0.05 0.06 0.07 0.12 0.17
0.5 0.7 0.9 1.1 2.0 2.9
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TABLE 17
Various formulations
Long term Stability (25° C./60% RH)
2 3 1 2 3
Lot Number Test Parameter Initial 1 week weeks weeks month months months
Lot: pH 5.55 5.40 5.41 542 5.43 5.37 5.32
RD-019-020  Assay of Atropine Sulfate (%) 98.7 97.7 98 98.1 98 98.1 98.6
Related Tropic acid ND ND 0.07 0.09 0.12 0.29 0.44
Compounds Unknown ND ND 0.1 0.11 0.14 0.21 0.2
(%) (RRT = 1.21)
Apoatropine ND ND ND ND ND ND 0.04
Total impurities ND ND 0.2 0.2 0.3 0.5 0.7
Lot: pH 5.55 5.40 5.40 541 5.42 5.36 5.31
RD-019-023  Assay of Atropine Sulfate (%) 98.2 97.3 97.7 97.7 97.1 98.0 97.8
Related Tropic acid ND ND 0.31 0.1 0.12 0.28 0.43
Compounds Unknown ND ND 0.22 0.1 0.12 0.19 0.2
(%) (RRT = 1.21)
Apoatropine ND ND ND ND ND ND 0.03
Total Impurities ND ND 0.2 0.2 0.2 0.5 0.7
Lot: pH 5.28 NT NT NT NT 5.49 NT
RD-001-185  Assay of Atropine Sulfate (%) 102.4 101.9 101.7 101.5 101.3 101.0 100.6
Related Tropic acid ND 0.05 0.08 0.1 0.15 0.33 0.48
Compounds Unknown ND ND 0.1 0.13 0.16 0.21 0.23
(%) (RRT = 1.21)
Apoatropine ND ND ND ND ND ND 0.04
Total Impurities ND 0.1 0.2 0.2 0.3 0.5 0.7
TABLE 18
Various formulations
Accelerated Stability (40° C./75% RH)
1 2 3 1 2 3
Lot Number Test Parameter Initial week  weeks weeks month months months
Lot: pH 5.44 5.37 5.41 5.36 5.37 5.35 5.37
RD-019-026 Assay of Atropine Sulfate 96.1 95.1 95.3 94.9 95.2 94 .3 93.8
(7o)
Related Tropic acid ND 0.1 0.21 0.31 0.42 1.00 1.53
Compounds Unknown ND 0.15 0.2 0.21 0.23 0.25 0.24
(%) (RRT = 1.21)
Apoatropine ND ND 0.04 0.05 0.06 0.10 0.15
Total ND 0.3 0.5 0.6 0.7 1.4 1.9
Impurities
Lot: pH 541 5.33 5.35 5.32 5.34 5.30 5.24
RD-019-029 Assay of Atropine Sulfate 98.8 97.6 97.3 97.1 97.1 97.5 95.6
(o)
Related Tropic acid ND 0.09 0.23 0.34 0.45 1.08 1.68
Compounds Unknown ND 0.15 0.19 0.21 0.21 0.22 0.24
(%) (RRT = 1.21)
Apoatropine ND ND 0.05 0.05 0.06 0.10 0.15
Total ND 0.2 0.5 0.6 0.7 1.4 2.0
Impurities
Lot: pH 5.52 NT NT NT NT 5.58 NT
RD-001-179 Assay of Atropine Sulfate 103.7 102.9 102.4 102.2 101.7 99.9 99.0
(7o)
Related Tropic acid ND 0.15 0.26 0.4 0.51 1.17 1.78
Compounds Unknown ND 0.25 0.28 0.28 0.28 0.29 0.29
(%) (RRT = 1.21)
Apoatropine ND ND 0 0.05 0.05 0.08 0.11
Total ND 0.4 0.5 0.7 0.8 1.5 2.2

Impurities

26



.ot Number

Lot:

RD-019-026

Lot:

RD-019-029

Lot:

RD-001-179

The e

27

Test Parameter

pH

Assay of Atropine Sulfate

Related
Compounds
(o)

(%)

Tropic acid
Unknown
(RRT = 1.21)
Apoatropine

Total
Impurities

pH

Assay of Atropine Sulfate

Related
Compounds
(o)

(%)

Tropic acid
Unknown
(RRT = 1.21)
Apoatropine

Total
Impurities

pH

Assay of Atropine Sulfate

Related

Compounds
(o)

(%)

Tropic acid
Unknown
(RRT = 1.21)
Apoatropine

Total
Impurities
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Tect of pH and stability of compositions of Table 20 ;54

was tested and exemplary test results for pH 3.5 and pH 6.0
are provided in the Tables 21-22 (pH 3.5) and Tables 23-24

(pH 6.0) below.

No.

Ingredient

TABL.

(Ll

Atropine Sulfate Monohydrate
Sodium Dihydrogen
Phosphate Anhydrous

20

TABLE 19
Various formulations
[.ong term Stability (25° C./60% RH)
1 2 3 1 2 3
Initial week weeks weeks month months months
5.44 5.40 5.32 5.41 5.43 5.31 5.30
96.1 95.9 95.6 95.6 959 96.2 96.5
ND ND ND 0.07 0.09 0.21 0.32
ND ND ND ND 0.11 0.18 0.20
ND ND ND ND ND ND ND
ND ND ND 0.1 0.2 0.4 0.5
5.41 5.31 5.32 5.35 5.33 5.26 5.25
08.8 98 08 Ok 97.9 98.0 98.5
ND ND 0.05 0.06 0.09 0.22 0.32
ND ND ND ND 0.1 0.17 0.2
ND ND ND ND ND ND ND
ND ND 0.1 0.1 0.2 0.4 0.5
5.52 NT NT NT NT 5.45 NT
103.7 103.0 103.0 103.0 102.4 101.9 102.2
ND 0.04 0.07 0.09 0.12 0.28 0.39
ND 0.09 0.14 0.16 0.2 0.26 0.28
ND ND ND ND ND ND ND
ND 0.1 0.2 0.3 0.3 0.5 0.7
TABLE 20-continued
No. Ingredient Qty/mL
3 Disodium Hydrogen 5.75 mg
Phosphate Anhydrous
A0 4 Edetate Disodium Dihydrate 0.1 mg
5 Hypromellose 2910, 5.0 mg
Qty/mL Benecel E4M Ph.arm |
6 Hydrochloric Acid pH adjustment to 3.5 or 6.0
0.1 mg 7 Sodium Hydroxide pH adjustment to 3.5 or 6.0
0.295 mg 8  Water for Injection q.s.
TABLE 21
Accelerated Stability (40° C./75% RH)
Test Parameter Initial 2 weeks 1 month 2 months 3 months 6 months
Appearance Clear, Clear, Clear, Clear, Clear, Clear,
colorless colorless colorless colorless colorless  colorless
solution solution solution solution solution solution
pH 3.56 3.52 3.54 3.56 3.47 3.70
Assay of Atropine Sulfate (%o) 99.5 99.4 98.7 98.2 98.6 97.9
Related Tropic acid ND ND ND 0.14 0.20 0.41
Compounds (%) Unknown ND ND ND 0.07 0.07 0.11
(RRT = 1.21)
Apoatropine ND ND ND 0.06 0.08 0.13
Unknown (RRT ND ND ND ND 0.10 ND
0.508)
Unknown (RRT ND ND ND ND ND 0.20
0.683)
Total Impurities ND ND ND 0.3 0.4 0.6
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TABLE 22

Accelerated Stability (25° C./60% RH)

Test Parameter Initial 2 weeks 1 month 2 months 3 months 6 months
Appearance Clear, Clear, Clear, Clear, Clear, Clear,
colorless colorless colorless colorless colorless  colorless
solution solution solution solution solution solution
pH 3.56 3.52 3.53 3.58 3.46 3.70
Assay of Atropine Sulfate (%) 99.5 99.2 9%8.9 98.7 9%8.9 98.9
Related Tropic acid ND ND ND ND ND 0.09
Compounds (%) Unknown ND ND ND ND ND ND
(RRT = 1.21)
Apoatropine ND ND ND ND ND ND
Unknown (RRT ND ND ND ND ND ND
0.508)
Unknown (RRT ND ND ND ND ND ND
0.683)
Total Impurities ND ND ND ND ND 0.1
TABLE 23

Accelerated Stability (40° C./75% RH)

Test Parameter Initial 2 weeks 1 month 2 months 3 months 6 months

Appearance Clear, Clear, Clear, Clear, Clear, Clear,
colorless  colorless  colorless  colorless  colorless  colorless
solution solution solution solution solution solution

pH 5.99 5.87 5.89 5.83 5.83 6.00
Assay of Atropine Sulfate (%o) 108.5 106.7 104.1 99.1 95.3 84.2
Related Tropic acid ND 0.90 1.91 4.17 6.07 11.26
Compounds Unknown ND 0.32 0.32 0.29 0.29 0.27
(%) (RRT =1.21)
Apoatropine ND 0.06 0.09 0.18 0.25 0.42
Total ND 1.3 2.3 4.6 6.6 12.0
Impurities
TABLE 24

Accelerated Stability (25° C./60% RH)

Test Parameter Initial 2 weeks 1 month 2 months 3 months 6 months
Appearance Clear, Clear, Clear, Clear, Clear, Clear,
colorless  colorless  colorless  colorless  colorless  colorless
solution solution solution solution solution solution
pH 5.99 5.87 5.68 5.69 5.82 6.00
Assay of Atropine Sulfate (%) 108.5 108.5 107.1 106.0 105.5 103.1
Related Tropic acid ND 0.19 0.39 0.85 1.21 2.43
Compounds Unknown ND 0.21 0.25 0.29 0.29 0.29
(%) (RRT = 1.21)
Apoatropine ND ND ND 0.05 0.05 0.0%8
Total ND 0.4 0.6 1.2 1.6 2.8
Impurities

30

Atropine sulfate ophthalmic solution 1s intended to be ,  Compositions as shown in Table 3 (50 mM Bufler Com-
provided as a single or multi-dose product for topical = position with NaCl, low EDTA), filled in BFS ampoules
administration to the eye, which can advantageously be were tested at concentrations of 0.01% (w/v) and 0.02%

provided as a Blow/Fill/Seal (BFS) ampule as the primary

container closure system. For example, suitable ampule

(w/v) under accelerated (40° C./75% RH) and long-term
(25° C./60% RH) storage conditions. The filled BFS
65 ampoules were then packaged into a secondary packaging

materials include Lyondellbasell Purell PE 3020 D resin, (here: laminated pouch) for storage as indicated. The results
which was tested as follows: of this study are presented in Tables 25-28.



Test Parameter

Appearance

pH
Viscosity (cPs)
Assay of Atropine Sulfate (%)

Related Tropic acid
Compounds Apoatropine
(%) Total impurities

31
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Atropine Concentration 0.01 wt %

Accelerated Storage (40° C./75% RH)

Initial 2 weeks 1 month 2 months 3 months 6 months
Clear, Clear, Clear, Clear, Clear, Clear,
colorless  colorless  colorless  colorless  colorless  colorless
solution solution solution solution solution solution
5.49 5.49 5.39 5.42 5.63 547
19.96 NA NA NA 20.48 19.48

104.2 104.6 102.0 102.5 90 4 93.0
NR 0.41 0.89 1.73 2.66 4.67
NR NR 0.04 0.09 0.14 0.23
NR 0.41 0.93 1.82 2.80 4.90

TABLE 26

Test Parameter

Appearance

pH
Viscosity (cPs)
Assay of Atropine Sulfate (%o)

Related Tropic acid
Compounds Apoatropine
(%) Total Impurities

Test Parameter

Appearance

pH
Viscosity (cPs)
Assay of Atropine Sulfate (%o)

Related Tropic acid
Compounds Apoatropine
(%) Total Impurities

Test Parameter

Appearance

pH
Viscosity (cPs)
Assay of Atropine Sulfate (%)

Atropine Concentration 0.01 wt %

Long-Term Storage (25° C./60% RH)

Initial 2 weeks 1 month 2 months 3 months 6 months
Clear, Clear, Clear, Clear, Clear, Clear,
colorless  colorless  colorless  colorless  colorless  colorless
solution solution solution solution solution solution

5.49 5.50 5.44 5.43 5.67 5.45
19.96 NA NA NA 20.56 19.42
104.2 105.8 103.7 105.9 103.3 105.2
NR 0.11 0.20 0.35 0.53 1.06
NR NR NR NR NR 0.05
NR 0.11 0.20 0.35 0.53 1.11
35
TABLE 27
Atropine Concentration 0.02 wt %
Accelerated Storage (40° C./75% RH)

Initial 2 weeks 1 month 2 months 3 months 6 months
Clear, Clear, Clear, Clear, Clear, Clear,
colorless colorless  colorless  colorless  colorless  colorless
solution solution solution solution solution solution

5.35 5.43 5.33 5.36 5.57 5.34
20.26 NA NA NA 21.20 19.82
105.5 106.0 104.0 103.1 102.6 95.6
NR 0.31 0.70 1.26 1.99 3.73
NR NR 0.13 0.09 0.13 0.24
NR 0.31 0.83 1.35 2.12 3.97
TABLE 28
Atropine Concentration 0.02 wt %
Long-Term Storage (25° C./60% RH)

Initial 2 weeks 1 month 2 months 3 months 6 months
Clear, Clear, Clear, Clear, Clear, Clear,
colorless colorless  colorless  colorless  colorless  colorless
solution solution solution solution solution solution

5.35 5.42 5.33 5.3% 5.57 5.34
20.26 NA NA NA 21.17 20.17
105.5 106.2 105.4 105.8 104.9 101.8

32
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TABLE 28-continued

34

Atropine Concentration 0.02 wt %

Long-Term Storage (25° C./60% RH)

Test Parameter Initial 2 weeks 1 month 2 months 3 months 6 months
Related Tropic acid NR 0.06 0.14 0.24 0.38 0.76
Compounds Apoatropine NR NR NR NR NR NR
(%) Total Impurities NR 0.06 0.14 0.24 0.34 0.76

As used 1n the description herein and throughout the
claims that follow, the meaning of *“a,” “an,” and “‘the”
includes plural reference unless the context clearly dictates
otherwise. Also, as used in the description herein, the
meaning of “imn” mcludes “in” and “on” unless the context
clearly dictates otherwise.

In some embodiments, the numbers expressing quantities
of ingredients, properties such as concentration, reaction
conditions, and so forth, used to describe and claim certain
embodiments of the invention are to be understood as being
modified 1n some instances by the term “about.” Accord-
ingly, 1n some embodiments, the numerical parameters set
forth 1n the written description and attached claims are
approximations that can vary depending upon the desired
properties sought to be obtained by a particular embodiment.
In some embodiments, the numerical parameters should be
construed in light of the number of reported significant digits
and by applying ordinary rounding techniques. Notwith-
standing that the numerical ranges and parameters setting
torth the broad scope of some embodiments of the invention
are approximations, the numerical values set forth in the
specific examples are reported as precisely as practicable.
The numerical values presented 1n some embodiments of the
invention may contain certain errors necessarily resulting
from the standard deviation found 1n their respective testing
measurements.

It should be apparent, however, to those skilled 1n the art
that many more modifications besides those already
described are possible without departing from the imnventive
concepts herein. The mventive subject matter, therefore, 1s
not to be restricted except 1n the spirit of the disclosure. One
skilled 1n the art will recognize many methods and matenals
similar or equivalent to those described herein, which could
be used 1n the practice of the present invention. Indeed, the
present ivention 1s in no way limited to the methods and
materials described.

Moreover, i iterpreting the disclosure all terms should
be interpreted in the broadest possible manner consistent
with the context. In particular the terms “comprises” and
“comprising” should be interpreted as referring to the ele-
ments, components, or steps 1 a non-exclusive manner,
indicating that the referenced elements, components, or
steps can be present, or utilized, or combined with other

clements, components, or steps that are not expressly refer-
enced.

What 1s claimed 1s:
1. A method of increasing storage stability of atropine 1n
a liquid low-dose ophthalmic formulation, comprising:

formulating an aqueous solution [with a low-strength
bufler system that includes a first and second bufler
component, wherein the low-strength buller system has
a concentration of equal or less than 75 mM buffer]
including atvopine ov a pharmaceutically acceptable

15

20

25

30

35

40

45

50

55

60

65

salt thereof at a low dose, wherein the low dose is equal
or less than 0.05 wt % of the ophthalmic formulation;
including into the aqueous solution a pharmaceutically
acceptable salt], a viscosity modifier,] and optiorally a

chelator;

[including into the aqueous solution atropine or a phar-
maceutically acceptable salt thereof at a low dose,
wherein the low dose 1s equal or less than 0.05 wt % of
the ophthalmic formulation;]

combining the aqueous solution with a sterile viscosity
modifier solution to produce an ophthalmic formulation
having a dynamic viscosity of between 5 and 50 cP; and

adjusting pH of the ophthalmic formulation to a pH
between 5 and 6; [and]

wherein the ophthalmic formulation after storage over at
least two months at 25° C[.] and 60% relative humidity
contains equal or less than 0.35% tropic acid formed
from degradation of the atropine.

2. The method of claim 1, further comprising including
into the agqueous solution a low-strength buffer system that
includes a first and second buffer component, wherein the
low-strength buffer system has a concentration of equal or
less than 75 mM buffer, and wherein the first and second
bufler components are monobasic and dibasic sodium phos-
phate, respectively.

3. The method of claim [1] 2, wherein the low-strength
bufler system has a concentration of equal or less than 50
mM bufler.

4. The method of claim 1, wherein the pharmaceutically
acceptable salt 1s sodium chloride and wherein the salt 1s
present 1n the ophthalmic atropine composition 1n an amount
of 0.5 wt % (+/-0.2 wt %) of the ophthalmic formulation.

5. The method of claim 1, wherein the aqueous solution
comprises the chelator, wherein the chelator 1s selected from
the group consisting of a bicarboxylic acid, a tricarboxylic
acid, and an aminopolycarboxylic acid.

6. The method of claim 5, wherein the chelator 1s ethyl-
enediaminetetraacetic acid (EDTA).

7. The method of claim 1, wherein the aqueous solution
comprises the chelator, and wherein the chelator 1s present
in an amount of 0.01 wt % (+/-20% abs.) of the ophthalmic
formulation.

8. The method of claim 1, wherein the viscosity modifier
1s a cellulosic viscosity modifier.

9. The method of claim 8, wherein the cellulosic viscosity
modifier 1s a hydroxyethyl cellulose, a hydroxypropyl cel-
lulose, or a hydroxypropyl methylcellulose.

10. The method of claim 8, wherein the cellulosic vis-
cosity modifier 1s present in an amount of 0.5 wt % (+/-0.1
wt %) of the ophthalmic formulation.

11. The method of claim [8] /, wherein the [cellulosic]
sterile viscosity modifier solution 1s prepared as a separate
heat sterilized solution|, and combined with the aqueous
solution containing the bufler system, the pharmaceutically
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acceptable salt, the viscosity modifier, the chelator, and the
atropine or the pharmaceutically acceptable salt thereof].

12. The method of claim 1, wherein the low dose 1s
between 0.01 wt % and 0.02 wt % of the ophthalmic
formulation. 5

13. The method of claim 1, wherein the low dose 1s
between 0.001 wt % and 0.01 wt % of the ophthalmic
formulation.

14. The method of claim 1, wherein the low dose 1s equal
or less than 0.01 wt % of the ophthalmic formulation. 10

15. The method of claim 1, wherein aqueous solution 1s
formulated using deoxygenated water.

16. The method of claim 1, wherein the pH 1s between 5.5
(+/-0.2) and 6.0 (+/-0.2).

17. The method of claim 1, wherein the atropine or a 15
pharmaceutically acceptable salt thereof 1s atropine sulfate.

18. The method of claim 1, further comprising a step of
filter sterilizing the [Jophthalmic formulation] aqueous solu-
tion prior to combining the aqueous solution with the sterile
viscosity modifier solution. 20

[19. The method of claim 18, wherein the step of steril-
izing comprises sterile filtration. ]

20. The method of claim 1, further comprising a step of
filling the ophthalmic formulation mto a multi-dose con-
tainer. 25
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