OPHTHAILMIC COMPOSITION

CROSS-REFERENCE
[0001] This application claims the benefit of U.S. Provisional Application Nos. 62/016,502,
filed June 24, 2014; 62/096,433, filed December 23, 2014; and 62/151,926, filed April 23, 2015; and is a
continuation in part of U.S. Application No. 14/726,139, filed May 29, 2015, which are incorporated

herein by reference in their entirety.

BACKGROUND OF THE DISCLOSURE
[0002] Pharmaceutical formulations have an expiration date which is based on the degradation

of the active ingredient.
SUMMARY OF THE DISCLOSURE

[0002a] In one aspect, there is provided an ophthalmic composition, comprising from about
0.001 wt % to about 0.03 wt % of a muscarinic antagonist and deuterated water, at a pD of from about

4.2 to about 7.9, wherein the muscarinic antagonist is atropine, or atropine sulfate.

[0003] Provided herein are ophthalmic compositions. In some embodiments, disclosed herein is
an ophthalmic composition, comprising from about 0.001 wt% to about 0.05 wt% of a muscarinic
antagonist and deuterated water, at a pD of from about 4.2 to about 7.9.

[0004] In some embodiments, the muscarinic antagonist comprises atropine, atropine sulfate,
noratropine, atropine-N-oxide, tropine, tropic acid, hyoscine, scopolomine, tropicamide, cyclopentolate,
pirenzapine, homatropine, or a combination thereof. In some embodiments, the muscarinic antagonist is
atropine. In some embodiments, the muscarinic antagonist is atropine sulfate.

[0005] In some embodiments, the ophthalmic composition has a pD of one of: less than about
7.3, less than about 7.2, less than about 7.1, less than about 7, less than about 6.8, less than about 6.5, less
than about 6.4, less than about 6.3, less than about 6.2, less than about 6.1, less than about 6, less than
about 5.9, less than about 5.8, less than about 5.2, or less than about 4.8 after extended period of time
under storage condition.

[0006] In some embodiments, the ophthalmic composition comprises one of: at least about 80%,
at least about 85%, at least about 90%, at least about 93%, at least about 95%, at least about 97%, at least
about 98%, or at least about 99% of the muscarinic antagonist based on initial concentration after
extended period of time under storage condition. As described in this disclosure, the percentage of the
ophthalmic agent in the composition after storage is based on the amount of ophthalmic agent that is
initially present in the composition (i.e. prior to the storage condition).

[0007] In some embodiments, the ophthalmic composition further has a potency of one of: at
least 80%, at least 85%, at least 90%, at least 93%, at least 95%, at least 97%, at least 98%, or at least
99% after extended period of time under storage condition. As described in this disclosure, the potency of
the ophthalmic agent in the composition after storage is based on the potency of ophthalmic agent that is
initially present in the composition (i.e. prior to the storage condition).

[0008] In some embodiments, the extended period of time is one of: about 1 week, about 2

weeks, about 3 weeks, about 1 month, about 2 months, about 3 months, about 4 months, about 5 months,
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CLAIMS
WHAT IS CLAIMED IS:
1. An ophthalmic composition, comprising from about 0.001 wt % to about 0.03 wt % of a
muscarinic antagonist and deuterated water, at a pD of from about 4.2 to about 7.9, wherein

the muscarinic antagonist is atropine, or atropine sulfate.

2. The ophthalmic composition of claim 1, wherein the ophthalmic composition has a pD of
one of: less than about 7.3, less than about 7.2, less than about 7.1, less than about 7, less than
about 6.8, less than about 6.5, less than about 6.4, less than about 6.3, less than about 6.2, less
than about 6.1, less than about 6, less than about 5.9, less than about 5.8, less than about 5.2,

or less than about 4.8 after extended period of time under storage condition.

3. The ophthalmic composition of claim 1, wherein the ophthalmic composition comprises
one of: at least about 80%, at least about 85%, at least about 90%, at least about 93%, at least
about 95%, at least about 97%, at least about 98%, or at least about 99% of the muscarinic
antagonist based on initial concentration after extended period of time under storage

condition.

4. The ophthalmic composition of claim 1, wherein the ophthalmic composition further has a
potency of one of: at least 80%, at least 85%, at least 90%, at least 93%, at least 95%, at least

97%, at least 98%, or at least 99% after extended period of time under storage condition.

5. The ophthalmic composition of claim 1, wherein the extended period of time is one of:
about 1 week, about 2 weeks, about 3 weeks, about 1 month, about 2 months, about 3
months, about 4 months, about 5 months, about 6 months, about 8 months, about 10 months,
about 12 months, about 18 months, about 24 months, about 36 months, about 4 years, or

about 5 years.

6. The ophthalmic composition of claim 1, wherein the storage condition has a storage

temperature of from about 2° C. to about 10° C. or from about 16° C. to about 26° C.

7. The ophthalmic composition of claim 1, wherein the muscarinic antagonist is present in the
composition at a concentration of one of: from about 0.001 wt % to about 0.025 wt %, from
about 0.001 wt % to about 0.02 wt %, from about 0.001 wt % to about 0.01 wt %, from about
0.001 wt % to about 0.008 wt %, or from about 0.001 wt % to about 0.005 wt %.
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8. The ophthalmic composition of claim 1, wherein the ophthalmic composition further

comprises an osmolarity adjusting agent.

9. The ophthalmic composition of claim 8, wherein the osmolarity adjusting agent is sodium

chloride.

10. The ophthalmic composition of claim 1, wherein the ophthalmic composition further

comprises a preservative.

11. The ophthalmic composition of claim 10, wherein the preservative is selected from
benzalkonium chloride, cetrimonium, sodium perborate, stabilized oxychloro complex,
SotZia, polyquaternium-1, chlorobutanol, edetate disodium, polyhexamethylene biguanide, or

combinations thereof.

12. The ophthalmic composition of claim 1, wherein the ophthalmic composition further

comprises a buffer agent.

13. The ophthalmic composition of claim 12, wherein the buffer agent is selected from
borates, borate-polyol complexes, phosphate buffering agents, citrate buffering agents,
acetate buffering agents, carbonate buffering agents, organic buffering agents, amino acid

buffering agents, or combinations thereof.

14. The ophthalmic composition of claim 1, wherein the ophthalmic composition is

essentially free of procaine and benactyzine, or pharmaceutically acceptable salts thereof.

15. The ophthalmic composition of claim 1, wherein the ophthalmic composition has a dose-
to-dose muscarinic antagonist concentration variation of one of: less than 50%, less than

40%, less than 30%, less than 20%, less than 10%, or less than 5%.

16. The ophthalmic composition of claim 15, wherein the dose-to-dose muscarinic antagonist
concentration variation is based on one of: 10 consecutive doses, 8 consecutive doses, 5

consecutive doses, 3 consecutive doses, or 2 consecutive doses.

17. The ophthalmic composition of claim 1, wherein the ophthalmic composition further

comprises a pD adjusting agent.

18. The ophthalmic composition of claim 17, wherein the pD adjusting agent comprises
deuterated hydrochloric acid, deuterated sodium hydroxide, deuterated acetic acid, or

deuterated citric acid.
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19. The ophthalmic composition of claim 1, wherein the ophthalmic composition comprises
one of: less than 5% of H,O, less than 4% of H,O, less than 3% of H,O, less than 2% of H,0,
less than 1% of H,O, less than 0.5% of H,O, less than 0.1% of H>O, or 0% of H,O.

20. The ophthalmic composition of claim 1, wherein the ophthalmic composition is not

formulated as an injectable formulation.

21. The ophthalmic composition of claim 1, wherein the ophthalmic composition is
formulated as an ophthalmic solution for the treatment of pre-myopia, myopia, or progression

of myopia.

22. An ophthalmic solution, comprising from about 0.001 wt % to about 0.03 wt % of a
muscarinic antagonist and deuterated water, at a pD of from about 4.2 to about 7.9, wherein

the muscarinic antagonist is atropine, or atropine sulfate.

23. The ophthalmic solution of claim 22, wherein the ophthalmic solution has a pD of one of:
less than about 7.3, less than about 7.2, less than about 7.1, less than about 7, less than about
6.8, less than about 6.5, less than about 6.4, less than about 6.3, less than about 6.2, less than
about 6.1, less than about 6, less than about 5.9, less than about 5.8, less than about 5.2, or

less than about 4.8 after extended period of time under storage condition.

24. The ophthalmic solution of claim 22, wherein the ophthalmic solution comprises one of:
less than 5% of H,O, less than 4% of H,O, less than 3% of H,0, less than 2% of H,0, less
than 1% of H,O, less than 0.5% of H>O, less than 0.1% of H,O, or 0% of H,O.



