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[56] Title of the Invention
Low-concentration atropine ophthalmic preparation that inhibits myopic progression and

method for the production thereof
[57] Abstract

The invention relates to a low-concentration atropine ophthalmic preparation that inhibits

myopic progression and a method for its production; although all of the high-concentration
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atropine preparations currently in medical use (0.5% or 1%) inhibit myopic progression, the
complication of photophobia is highly problematic, resulting in unfavorable compliance and a
high rate of patients failing to come in for return visits, which causes poor efficacy; the low-
concentration atropine (< 0.1%) used in the invention as a preparation for the treatment of
myopia shows relatively low rates of photophobia and systemic adverse reactions with quite
favorable compliance, and it reduces possible damage to the eyes resulting from ultraviolet

radiation and blue light such as cataracts and macular disease.
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200610072954.9 Claims Pg. 1of 1

1. A low-concentration atropine ophthalmic preparation that inhibits myopic progression,
characterized in that the atropine content of said ophthalmic preparation is effectively controlled
to a concentration of 0.1% by weight or less.

2. The low-concentration atropine ophthalmic preparation that inhibits myopic
progression of Claim 1, characterized in that the atropine content of said ophthalmic preparation
is 0.05% by weight.

3. A method for producing a low-concentration atropine ophthalmic preparation that
inhibits myopic progression, characterized chiefly in that atropine is contained in a solution that
is harmless to the human body, diluted to an atropine concentration of less than 0.1% by weight.

4. The method for producing a low-concentration atropine ophthalmic preparation that
inhibits myopic progression of Claim 3, characterized in that said diluent solution is distilled
water.

5. The method for producing a low-concentration atropine ophthalmic preparation that
inhibits myopic progression of Claim 3, characterized in that said diluent solution is

physiological saline.

Eyenovia Exhibit 1045, Page 3 of 18



200610072954.9 Description Pg. 1 of 6

Low-concentration atropine ophthalmic preparation that inhibits myopic progression and
method for the production thereof

Technical field

The invention relates to a low-concentration atropine ophthalmic preparation that inhibits

myopic progression and a method for the production thereof and that constitutes a drug for
treating aggravation of myopia in humans, thus relating primarily to the field of human

pharmacology.

Prior art

Myopia is an important ophthalmologic disease, particularly high myopia (myopia
exceeding 600 degrees), and it can lead to numerous complications such as juvenile cataracts, a
propensity to develop glaucoma, retinal detachment, macular hemorrhage, retinal degeneration,
and even blindness. In Taiwan, as myopia is already the second-leading cause of blindness in the
elderly, the prevention of high myopia is extremely important; this prevention of high myopia
must start in children, with average annual increases of approximately 75-100 degrees in children
in Asia and approximately 50 degrees in children in the West; once a child develops myopia, the
condition will continuously increase in severity until the end of puberty, with a high probability
of a subsequent progression to high myopia on maturity, and the matter of how to effectively
inhibit the progression of this disease is an important issue.

Treatment of myopic progression in schoolchildren and prevention of high myopia are
important issues, and a review of past research and recent studies clearly shows that atropine is
the only drug capable of effectively inhibiting myopic progression.

A study published in 1999 by YF Shih et al. of National Taiwan University (Shih YF,
Chen CH, Chou AC, et al., Effects of different concentrations of atropine on controlling myopia
in myopic children. J Ocul Pharmacol Ther 1999; 15: 85-90.) showed that 0.5% atropine was
most effective, and although the high-efficacy dose of 1% atropine currently used in many
countries and the dose of 0.5% used in Taiwan are both effective, these doses are quite difficult
to use in the clinical setting, primarily because of the all-day photophobia occurring after
instillation, which causes primary school children to miss physical education, in turn resulting in

poor compliance and a high rate of discontinuation of treatment.

Description of the invention
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The technical problem to be solved by the present invention is as follows: although the
high concentrations of atropine currently used in many countries to treat myopia (concentrations
of 0.5% by weight and above) are effective, all-day photophobia occurs after clinical instillation,
causing primary school children to miss physical education, in turn resulting in poor compliance
and a high rate of discontinuation of treatment.

The invention solves the above technical problem by providing a low-concentration
atropine ophthalmic preparation that inhibits myopic progression, characterized in that the
atropine content of the ophthalmic preparation is effectively controlled to 0.1% by weight or less.

The atropine concentration of the ophthalmic preparation is advantageously 0.05% by
weight.

Moreover, the method for producing a low-concentration atropine ophthalmic preparation
that inhibits myopic progression according to the invention is characterized chiefly in that
atropine is contained in a solution that is harmless to the human body, diluted to an atropine
concentration of less than 0.1% by weight;

wherein the diluent solution is distilled water;

wherein the diluent solution is physiological saline.

The invention chiefly discloses a low-concentration atropine ophthalmic preparation that
inhibits myopic progression; with respect to the atropine content of the ophthalmic preparation,
in the study published by Dr. YF Shih, the most effective dose was the already largely
established concentration of 0.5%, and one could not imagine that a concentration of less than
0.1% atropine would still be effective.

The invention therefore provides a low-concentration atropine ophthalmic preparation
that inhibits myopic progression, characterized in that the atropine content of the ophthalmic
preparation provided by the invention is effectively controlled to 0.1% by weight or less;
moreover, further experimental data established that the concentration of 0.05% was even more
effective than 0.1% and 0.25%, and compliance was improved, making the preparation suitable
for the broad-range mass treatment of progressive myopia.

First, the response of our clinical subjects showed that 0.1% atropine still causes the
complication of photophobia, accompanied by poor compliance, but the concentration of 0.05%
atropine, compared with 0.1%, clearly alleviated pupil dilation and the complication of
photophobia, and its effect of inhibiting myopic progression was not inferior to that of the

concentrations of 0.1% and 0.25%, compare Tables 1 and 2 below:
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Table 1. 1999 study of Dr. Shih

Study group and control group
Atropine 0.5% 0.25% 0.1% Control group (0%)
concentration
Aggravation of 4 (degrees/yr) 45 (degrees/yr) 47 (degrees/yr) 106 (degrees/year)
myopia

Table 2. Our study of 2006

Study group and control group
Atropine 0.05% Control group (0%)
concentration
Aggravation of 28 (degrees/yr) 75 (degrees/year)
myopia

It can be seen from the experimental data shown in Table 1 and Table 2 above that the
action of 0.05% atropine in inhibiting the progression of myopia did not differ from that of 0.1%
and 0.25% atropine, with the effect being quite favorable in some cases.

Furthermore, Table 3 below shows data by year on the status of myopia in patients given
0.05% atropine:

Table 3. Data by vear on use of 0.05% atropine to treat progressive myopia

First year Second year Third year Total

Annual aggravation 34 (degrees/yr) 32 (degrees/yr) 14 (degrees/yr) 29 (degrees/year)
in degrees

It can be seen from the data by year in Table 3 on the status of myopia in patients given
0.05% atropine that the long-term effect of the preparation was also quite favorable.

Furthermore, myopic progression is often associated with close work, which in turn is
associated with chronic excessive accommodation, and if this accommodation can be inhibited,

this tends to prevent aggravation of myopia, as shown in Table 4 below:

Table 4. Effect of various concentrations of atropine

on accommodation in human subjects

Study group and control group
Atropine concentration 0.05% Control group (0%) 0.1%
Accommodation 27 degrees 75 degrees 21 degrees
P value P=0.001
P=0.001
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It can be seen from the experimental data shown in Table 4 above that there is no clear
difference between the accommodation-inhibiting action of the atropine concentration of 0.05%
by weight and that of 0.1% by weight, with both the 0.1% group and the 0.05% group showing P
values of 0.001 (P<0.05) compared with the control group (0%), a statistically significant
difference, indicating a clear action of inhibiting accommodation and thus demonstrating that an
atropine concentration of 0.05% has a favorable effect of inhibiting accommodation. Table 5

shows a further example.

Table 5. Mydriatic effect of various concentrations of atropine

in human subjects

Study group and control group
Atropine concentration 0.05% Control group (0%) 0.1%
Pupil diameter 5.52 mm (millimeters) 2.93 mm (millimeters) 6.10 mm (millimeters)
P value P<0.0001
P<0.0001
P=0.0364 « e

It can be seen from the experimental data shown in Table 5 that the mydriatic effect of
0.05% atropine was less than that of 0.1% atropine, with the difference being statistically
significant (P<0.05).

As shown by the data in Table 6 below, the patients administered 0.05% atropine showed
a much lower incidence of photophobia than those administered 0.1% atropine, indicating that

the former concentration is indeed less likely to induce photophobia.

Table 6. Incidence of photophobia after treatment of patients with atropine

Atropine concentration 0.05% 0.1%
Incidence of photophobia 66.67% 85.71%

It can therefore be seen from the above clinical statistics that the 0.1% atropine
ophthalmic preparation caused photophobia in patients, and compliance was also poor. In
contrast, the 0.05% atropine of the present invention showed a clear effect of alleviating
mydriasis and photophobia compared with 0.1% atropine (compare Table 5 and Table 6 above),
and its effect of inhibiting myopic progression showed no major difference compared with 0.1%
atropine and 0.25% atropine (compare Table 1 and Table 2 above), with patients not having to be
concerned about ophthalmological or systemic adverse reactions, thus increasing patient

compliance and decreasing resistance to treatment.
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It can be seen from the test results in the table below that the duration of mydriasis for the

1% atropine preparation was approximately 7-14 days; cyclopentolate hydrochloride showed a

duration of approximately 2 days; tropicamide showed a duration of approximately 6 hours; and

in trial use of the above three drugs for the treatment of myopia, only atropine was effective. As

shown in the table below, however, the duration of mydriasis in using the 0.05% atropine

preparation of the invention was approximately 12-18 hours, thus demonstrating that its

mydriatic action was clearly less than that of 1% and 0.5% atropine.

Generic name

Brand name

Concentration (%)

Duration of action

Duration of

mydriasis
Atropine sulfate Atropisol Soln, 0.5%-2% 45-120 min. 7-14 days
Atropine-Care Soln, 1%
Isopto Atropine Soln, 0.5%-3%
Available Soln, 1%
generically Ointment, 0.5%-1%
Cyclopentolate AK-Pentolate Soln, 1% 30-60 min. 2 days
hydrochloride Cycogyl Soln, 0.5%-3%
Available Soln, 1%
generically
Tropicamide Mydriacyl Soln, 0.5%, 1% 20-40 min. 4-6 hr.
Tropicacyl Soln, 0.5%, 1%
Available Soln, 0.5%, 1%
generically
Atropine sulfate Soln, 0.05% 45-120 min. 12-18 hr.

Finally, the preparation of the invention may be produced by diluting atropine in distilled

water or physiological saline to form an atropine solution with a concentration of less than 0.1%

by weight.

In summary, the content of atropine in the preparation of the invention is decreased from
the currently-used concentrations of 1%, 0.5%, 0.25%, or 0.1% to less than 0.1% (preferably

0.05%), and this adjustment in concentration makes it possible to alleviate the adverse reactions

of mydriasis and photophobia after instillation, strengthen patient compliance, and improve the

rate of return visits, allowing the treatment to be continued until it is effective, thus making the

invention suitable for broad-range and universal mass treatment of progressive myopia.

The preparation of the invention has the following effects:

1. It decreases mydriasis, prevents photophobia, increases compliance, and reduces

dropout rates.

2. The low concentration of atropine makes it possible to effectively inhibit

accommodation and the progression of myopia.
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3. The low concentration of atropine makes it possible to prevent systemic adverse
reactions.

4. Reducing the high concentration of atropine alleviates its unwanted action of causing
an increase in the rate of myopic progression after stopping the drug.

5. It provides the treating physician with flexibility and allows the treatment to be
adapted to individual patient differences.

Description of preferred embodiments

The above explanations serve only to provide an overview of the invention in order to
allow the person skilled in the art to understand it by reading this description and implement the
invention based thereon; the following explanations by no means limit the scope of the
invention, and any relevant modifications or amendments made in accordance with the spirit of

the invention are therefore included in the scope of protection thereof.

Embodiment 1

The preparation of the invention may be produced by dissolving atropine in distilled

water to a concentration of less than 0.1% by weight.

Embodiment 2

The preparation of the invention may be produced by dissolving atropine in physiological

saline to a concentration of less than 0.1% by weight.

Embodiment 3

The preparation of the invention may be produced by dissolving atropine in distilled

water to a concentration of less than 0.05% by weight.

Embodiment 4

The preparation of the invention may be produced by dissolving atropine in physiological

saline to a concentration of less than 0.05% by weight.
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I, Matthew J. McGaughey, declare as follows:

1. Tam anative speaker of English.

2. Iam fluent in Chinese.

3. I have 34 years of experience translating from Chinese to
English.

4. 1 translated the document "CN101049287A.pdf" from Chinese
to English.

5. I certify that the translation of the document
"CN101049287A.pdf" is, to the best of my knowledge, a true and accurate
translation from Chinese to English.

6. In signing this declaration, I understand that the declaration
may be filed as evidence in a contested case. I acknowledge that I may be
subject to cross-examination in this case and that cross-examination will
take place within the United States. If cross-examination is required of me,
I will appear for cross-examination within the United States during the
time allotted for cross-examination.

7. 1declare under penalty of perjury that all statements made
herein of my own knowledge are true and that all statements made herein
on information and belief are believed to be true, and that these statements
were made with the knowledge that willful false statements and the like
are punishable by fine or imprisonment, or both, under Section 1001 of
Title 18 of the United States Code.

Executed: December 22, 2020 W% [W’m /

Matthew/ J. McGaug?g;f
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ARHAFREIE, RADEFHEFE (atropine) LA EIEF], HEAK
T 0. 1%EE R 7 LR FEFTHEF (atropine) HIZHH.

SR 3

ARB\AFEIHIE, R (atropine) i LLZEMET, FREAH 0. 05%
R A HIREFFEF (atropine) MIZH,
L) 4

A REHFIHELE, RTEBRET (atropine) LA R, BMBERA
0. 05%E & A /7 thIk BEFTFEF (atropine) MIZH.
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