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(57) Abstract: Provided herein are molecules, compositions and methods for treating an ocular disease or disorder, comprising: ad-
ministering to a subject an aqueous pharmaceutical composition, wherein the composition comprises a molecule, or a pharmaceutically
acceptable salt thereof, and having reduced or no antimicrobial activity, wherein the molecule is selected from at least one of structure A,
B, C, or D having the R-groups listed for each. The ocular disease or disorder is selected from the group consisting of abnormal angio-
genesis, choroidal neovascularization (CNV), age-related macular degeneration (AMD), neovascular (exudative) age-related macular
degeneration (nAMD), diabetic retinopathy, retinal vascular permeability, retinal edema, diabetic retinopathy, diabetic macular edema
(DME), CNV associated with nAMD, sequela, associated with retinal ischemia, central retinal vein occlusion, and posterior segment

neovascularization.



WO 2025/090761 PCT/US2024/052809

TREATMENT OF RETINAL DEGENERATION WITH MINOCYCLINE AND
MINOCYCLINE ANALOGS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Application Serial No. 63/545,491,

filed October 24, 2023, the entire contents of which are incorporated herein by reference.
TECHNICAL FIELD

[0002] The present disclosure relates in general to the field of treatments for retinal degeneration,
and more particularly, to novel molecules, compositions and methods of {reating retinal

degeneration.
STATEMENT OF FEDERALLY FUNDED RESEARCH

[0003] This invention was made with governiment support under R41AA027447 awarded by the

National Institutes of Health. The government has certain rights in the invention.
INCORPORATION-BY-REFERENCE OF MATERIALS FILED ON COMPACT DISC

{3004] None.
BACKGROUND

{G00ST Without imiting the scope of the disclosure, s background i3 described in connection

with treating retinal degeneration.

{00061 Pathologic choroidal neovasaudarization {TNV) is a major contributor to viston loss. TNV
coniributes to the pathogenesis of potentially debilitating ocular disorders, such as macular
degeneration, 1-3 In age-related macolar degeneration (AME}), patients can develop rapid vision
loss due to compromise of Bruch's membrane, increased expression of vascular endothelial growth
factor {VEGF), and vascular invasion from the choroid into the retinal pigment epithelivm (RPE)
and subretinal space.4-6 Microghial activation and matrix metalloproteinases (MMPs) also plav &

rede in disease progression,7-13

(00071 Current thervapies for CNVrelated disorders inchude intravitreal anti-VEGF injections
{.g., ranibizumab, aflibercept} and photodynamic thorapy. 14-17 While intravitreal anti-VEGF
injections are offective lo freat ONVerelated disorders, they may increase risk for systemic
vascular events {e.g., cerebrovascular accidents, nonocular hemorrhage) and reguire frequent,
gxpensive, vncomiorisble ingections into the eve 1518 The treatment involves intraocular

injections, which have a low but nonzere risk of serious adverse offects {¢.g., endophthalmitis).
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(00081 Accordingly, these injections are only admanistered by ophthalmologists specially trained
to do so safely. Intravitreal shot administration can consume a large portion of an
ophthalmologist's clinical time each day. Even when the injection goes well, patients describe the
experience as generally unpleasant with the eve usually mildly frvitated for 12 10 24 bows after
each injection. A cohort study conducted in 2018 found that more than 20% of patients treated
with intraccular anti-VEGF injections do not retwn for follow-up treatments. 19 Anti-VEGE
medications range in cost from several hundred to several thousand dollare per injection and
contribite a substantial burden to the US health care systenu ranibizumab and aflibercept alone
consurmne 12% of the annual Medicare Plan B hudget. 20 Antioxidant/vine supplementation is only

effective for prevention or delay of age-related macular degeneration, not for treatment. 13

(00091 Despite these advances, a noed romains for novel therapeutics and methods of treating that
address pathologic choroidal neovascudarization without the side effects associated with current

anti-VEGE medications and antibiotics that affect the unique microbiome of the eye.

SUMMARY

[3010] As embodied and broadly described herein, an aspect of the present disclosare relates to a
method of treating an ocular disease or disorder, comprising: administering to a subject a
composition, wherein the composition comprises a molecile or a pharmaceutically accepiable salt
thersof, and having reduced or no antimicrobial activity, wheretn the molecuie is selected from at

least one of Structiwe A, B, C, or I

Structure A
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1 is hydrogen, methyl, ethyl, propyl, acetyl, isepropyl, n-butyl, isobutyl, tert-butyl, n-pentyl, 3-
methyl butyl, isopentyl, acetyl, N2, 2-trimethylpropan- 1 -amine, azido, amino, nitro, acyl aming,
N N-dimethyl glyeyvlaming, ethoxythiocarbonylthio, diazonium, R2 is hydrogen, methyl, othyl,
propyvl, acetyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl, 3-methy! butyl, isopentyl, acetyl,
R3 is hydrogen or acetyl, R4 is 3 hyvdrogen or acety! and RS is a hydrogen oracetyl, RéisHor
acetvl, R7 is hydrogen or dimethyl amino
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Structure B
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R is hydrogen, methyl, sthyl, propyl, acelyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl, 3-
methyl butyl, isopentyl, acetyl, N,2,2-iriwethylpropas- L-amine, azido, amino, nilre, acyl amine,
N, M-dimethyl giveviaming, ethoxythiocarbonylthlo, digzoniurm, R2 s hyvdrogen, methyl, ethyl
propyl, acetyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl, 3-methyl butyl, isopentyl, acetyl,
R3 is hvdrogen or acetyl, R4 is g hydrogen or acety! and RS is a hydrogen or acetyl, R6is Hoor
acetyl, R7 is hydrogen or dimethy! amino

Structure C
OR? o OH OH 0
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R1 s hvdrogen, methyl, ethyl, propyl, acetyl sopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl, 3-
methyi butyl, isopentyl, acetyl, N,2,2-trimethylpropan-1-amine, azido, amino, nitre, acyl amino,
N N-dimethy glyeylamine, ethoxythiocarbonylthio, diazonium, R2 is hydrogen, methyl, ethyi,

propyl, acetyd, sopropyl, n-butyl, isobutyl, tert-butyvl, vpentyl, 3-methyl batyl, isopentyl, acetyl,

R3 13 H or acetyl, B4 is hvdrogen or dimethyl amino, -
; OF

(3]
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Structre D
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R1 is hvdrogen, methyl, ethyl, propyl, acetyl, isopropyl, n-bulyl, isobutyl, tert-butyl, n-pentyi, 3-
methyl butyl, tsopentyl, acetyl, N,22-trimethylpropan-1-amine, azideo, aming, nitre, acyl aming,
N N-dimethyl ghyeyviamine, ethoxyihiocarbonylthio, diazontam, R2 is hydrogen, methyl, ethy,
propyl, acetyl, isopropyl, n-butyl, isobutyl, tert-butyl, nepentyl, 3-methyl butvl, isopentyl, acetyl,
R3 is H or acetyl, and R4 is hydrogen or dimethyl amino

R ,.—?“‘-
2 Kot v £ At )

R iz methy, ethyl, prooyl, butyl, scetyl, alldl, B%is O or acetyl, RYis 0, O, scetyl, B%is H or soetyl, and RS
iz H or acetyl

and epimeric and tautameric forms thereof,

(00117 In one aspect, the ocular disease or dHeorder is selected from the group consisting of
abnormal anglogenesis, choroidal neovascularization (CNV), age-related macular degeneration
{AMD), neovascular {exudative) age-related macular degeneration {(nAME), diahetic retinopathy,
retinal vascular permeability, retinal edema, ptorygia, pingnecula, dighetic macular edema {DME},
CNY associated with nAMD, sequela associated with retinal achemia, central retinal vein
cochusion, and posterior segment neovascularization. in another aspect, the molecule is at least

one ot
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{G012] In another aspect, the molecule is

i

{00137 In another aspect, the molecule is

21
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[0014] In another aspect, the molecule is:
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[0016] In another aspect, the molecule is provided at a dose of 0.01,0.05, 1,2, 3,4, 5,6,7,8, 9,
10, 15, 20, 25, 30, 40, 50, 60, 70, 75, 80, 90, 100, 200, 250, 300, 400, 500, 600, 700, 750, 800,
900, or 1,000 mg. In another aspect, the administration is topical {(agueous, gelatinous or
hyaluronic acid solution), an insert, or a local ocular adminisiration, subconjunctival injection,
slow release insert or orally. In another aspect, the administration is local ocular administration
selected from subconjunctival (sub-tenons), intravitreal, retrobulbar, posterior juxtascleral or

mtracarneral administration. In another aspect, the molecule is in a composition further comprises
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a pharmaceutically acceptable excipient, carrier, vehicle, ¢r polymer. In another aspect, the
excipient, carrier or vehicle pharmaceutically acceptable is suitable for oral, topical, intravenous,
erteral or parenteral administration. In another aspect, the polymer is selected from the group
consisting of chitosan, gelatim, sodivm alginate, albumin, poly-L-lactide (PLLA)J, poly{iactic acid)
{PLA), polv{glycolic acid) (PGA), polv{lactic co-glycolic acid) (PLGA), polycaprolactone,
polyilactide co-caprolactone), poly(methyl methacrylates), poloxamer, polyethylene glycol)
(PEG), PEG-PLLA, PEG-PLGA, poly(methyl vinyl ether/maleic anhydride}, cellulose acetate

phthalate, and combinations thereof.

(00177 As embodied and broadly described herein, an aspect of the present disclosure relates to a

molecule selected from at least one of Struchire AL B, C, ov Ik
Structure A
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R1 is hvdrogen, methyl, ethyl, propyvl, acetyl, isopropyl, n-butyl, tsobutyl, tert-butyl, nepentyl, 3-
methyl butyl, isopentyl, acetyl, N,2,2-trirnethylpropan- L-amine, azido, amino, nitro, acyl amiso,
PN-dimethyl ghoviamine, sthoxythiocarbonylthio, diazoniurn, B2 is bydrogen, methyl, sthyvl,
propyl, acetvl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl, 3-methy! butyl, isopentyl, acetyl,

R3 is hydrogen or acetyl, R4 is a hydrogen or acetyl and RS is g hydrogen or scetyl, R is Hor
acetyl, R7 is hydrogen or dimethyl amino

"NHR®
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Structure B
OR? o (‘fH OH 0
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R is hydrogen, methyl, ethyl, propyl, acetyl, isopropyl, n-butyl, iscbutyl, tert-butyl, n-pentyl, 3-
methyl butyl, isopentvl, acetyl, N2, 2-trimethylpropan-1-amine, azido, amine, nitro, acyt amine,
N N-dimethyl glyeviamine, ethoxythiocarbonylthio, diszonium, R2 is hydrogen, methyl, ethyl,
propvi, acetyl, isopropyl, ne-butyl, sobutyl, tert-butyl, n-pentyl, 3-methyl butyl, sopentyl, acetyl,
R3 is hydrogen or acetyl, R4 is a hydrogen or acetyl and RS is a hydrogen or acetyl, R6isHor
acetyl, R7 is hydrogen or dimethyl amine, .

Strocture O

R is hydrogen, methyl, othyl, propyl, acetyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyd, 3-
methyl butyl, isopentyl, acetyl, M2, 2-trimethylpropan- Famine, azido, amine, nitro, acyl amine,
N N-dimethyt glveylamino, ethoxythiocarbonylthio, diazonium, R2 is hydrogen, methyl, ethyl,

propyl, acetyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl, 3-methyl butyl, isopentyl, acetyl,

R3 is H or acetyl, B4 is hydrogen or dimethyl amino -
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Structure I3
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R1 is hydrogen, methyl, ethvl, propyl, acetyl, tsopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl, 3-
methyl butyl, isopentyl, acetyl, N2 2-trimethylpropan- L-amine, azido, amine, nilro, acyl aming,
N M-dimethyl glvevlamine, cthoxyihiocarbonyithio, diaronium, R2 is hydrogen, methyl, ethyl,
propyl, acetyl, isoprapyl, n-butyl, isobulyl, tert-butyl, n-pentyl, 3-methy! butyl, isopentyl, acetyl,
R3 is H or acetyl, and R4 is hydrogen or dimethyi amine.

[0018] In one aspect, the molecule is selected from at least one mslecule of claim 3. In another

aspect, the melecule is:
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[G0207 In another aspect, wherein the moleculs is:

00227 In another aspect, the molecule i provided at a dose of 0.01, 005, 1,2,3,4, 5,6, 7, %, 9,
160, 15, 20, 25, 30, 40, 5¢, 60, 70, 75, 80, 90, 100, 200, 250, 300, 400, 500, 600, 700, 750, 800,
800, or 1,000 myg. In another aspect, the molecule is formudated for administration that i topical,
an insert, or a local ocular administration. In another aspect, the molecnle is formulated for
administration selected from subconjunctival {sub-tenons), intravitreal, retrobulbar, posterior
juxtascleral or intracameral administration. In another aspect, the further comprises a
pharmaceutically acceptable excipient, casvier, vehicle, or polymer. In ancther aspect, the
excipient, carrier or vehicle pharmaceutically acceptable is suitable for orgl, topical, intravenous,
enteral or parenteral admimstration. In another aspect, the polymer is selected from the group
consisting of chitosan, gelatin, sodium alginate, albumin, poly-L-lactide (PLLA), polv{lactic acid}
{(PLA), polviglycolic acid) (PGA). polyiiactic co-glycolic acidy (PLOGA), polyeaprolactone,
poly{lactide co-caprolactone), polvimethvl methacrylates), peloxamer, poly{ethylene glycol)
(PEG®), PEG-PLLA, PEG-PLGA, polv(methyl vinyl ether/maleic anhydride), cellulose acetate

phthalate, and combinations thereof

(00237 As embodied and broadly described herein, an aspect of the present disclosure relales (o 3

pharmaceatical composition comprising a molecule having reduced or no antimicrobial activity
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and a pharmaceutically acceptable excipient, carrier, vehicle, or polymer, wherein the molecule is

selected from at least one of Struciure A, B, C, or D

Structure A

(;}Ra OR* O
AL AL R
\I/ o S Mo \\\j\\: o R NHR 5
e
\\,\{,«"" N ™ e g i \\\'}' = £ - Rﬁ
-

R1 is hydrogen, methyl, ethyl, propyl, acetyl, isopropyl, n-butyl, isobutyl, tert-butyl, nepentyl, 3-
methyl butyl, Isopentyi, acetyl, N.2,2-trimethyipropan- 1 -amine, azido, aming, nitro, acy! amino,
N N-dimethyl glveviamine, ethoxythiocarbonyithio, diazonium, R2 is hydrogen, methyl, ethyl,
propyl, acetvl, isopropyl, n-butyi, teobutyl, tert-butyl, n-pentvl, 3-methyl butyl, isopentyl, acetyl,
R3 is hydrogen or acetyl, R4 is a hydvogen or acetyl and RS is a hydrogen or acetyl, Ré s Hor
acetyl, R7 is hydrogen or dimethy! amino

Structure B

OR? o) OH O 0

OR*

P

R1 is hydrogen, methyl, ethyl, propyl, acetyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl, 3-
methyl butyl, isopentyl, acetyl, N,2,2-trimethylpropan-1-amine, azido, amino, nitro, acyl amino,
N, N-dimethyl glycylamino, ethoxythiocarbonylthio, diazonium, R2 is hydrogen, methyl, ethyl,
propyl, acetyl, isopropyl, n~-butyl, isobutyl, tert-butyl, n-pentyl, 3-methyl butyl, isopentyl, acetyl,
R3 is hydrogen or acetyl, R4 is a hydrogen or acetyl and R3S is a hydrogen or acetyl, R6 is Hor
acetyl, R7 is hydrogen or dimethyl amino.

)
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Structure C
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Ri is hydrogen, methyl, ethyl, propyl, aceryl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl, 3~
methyl butyl, isopentyl, acetyl, N,2 2-trimethyipropan--antine, azido, amino, niro, acyl amino,
N, M-dimethy! glveylamino, ethoxythiocarbonyithio, diazoniem, R2 is hydrogen, methyl, ethyl,
propyl, acetyl, isopropyl, n-botyl, isobutyl, tert-butyl, n-pentyl, 3-methyi butyl, isopentyl, acetyl,

R3 is H or acetyl, R4 is hvdrogen or dimethyl amino -
Structure 1
OR? o OH OH

\\\ ___,_.-"‘ N ) 'ﬂ.w"’\\ N ) - e
\}\\E“” T T \'\f/ \\'\ORS
OR?

PN

R1 is hydrogen, methyl, ethyl, propyl, acetyl, isopropyl, n-bulyl, isobutyl, tert-bulyl, n-pentyl, 3-
methyl butyl, isopentyl, acetyl, N2, 2-trimethylpropan-1-amine, azido, aming, nitro, acyl aming,
N N-dimethyl glveylamine, ethoxythiocarbonylthie, dazonium, R2 is hydrogen, methyl, ethyl,
propyl, acetyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl, 3-methyl butyl, isopentyl, acetyl,
R3 iz H or acewyl, and R4 is hydrogen or dimethyl amino.

ot

-~ S - fN’\
£ £k $1,0 10

1Y is methyl, ethyl, propyl, butyl, scetyl, aliod, B% s OH or scetyl, 108 0, O, soetyl, B%is H or acetyl, snd RS
iz H or aostyl,

[0024] In one aspect, the melecule is provided at a dose 0£0.01,0.05,1,2,3,4,5,6,7, 8,9, 10,
15, 20, 25, 30, 46, 50, 60, 70, 75, 80, 90, 100, 200, 250, 300, 400, 500, 600, 700, 750, 800, 900,
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or 1,000 mg. In another aspect, the molecule is selected from at least one molecule described
hereinabove. In another aspect, the molecule is formulated for administration that s topical, an
insert, or a local ocular administration. In ancther aspect, the molecule is formulated for
administration selected from subconpunctival {sub-tenons}, intravitreal, retrobulbar, posterior
juxtascleral or intracameral adminstration. In another aspect, the exeipient, carrier or vehicle i3
suitable for oral, topical, intravenous, enteral or parenteral adminisiration. In another aspect, the
polymer is a water-soluble ccllulose selected from  hydroxysthyleellidose, hydrogy-n-
propylceliniose, hydroxy-n-butylcellulose, hydroxypropylmethyl cellulose, hydroxypropyhmethyl
cellulose phthalate, and ethythydroxyethyleellnlose; starch; dextran; polyvinylpyrrohidone, a
polvester selected from compounds under the tradename Fudagrit; or a polyalkylene glyeol. In
another aspect, the polymer is selected from the group consisting of chitosan, gelatin, sodium
alginate, albumin, poly-L-lactide (PLLA), pely{lactic acid} {PLA), polvi{glycolic acidy (PGAY,
polyflactic co-glycelic acidy (PLGA), polycaprolactone, poly(lactide  co-caprolacione),
poly(methyl methacrylates}, poloxamer, polviethylene glycol} (PEG), PEG-PLLA, PEG-PLGA,

poly(methyl vinyl sther/maleic anhydride), cellulose acetate phthalate, and combinations thereof

in another aspect, the molecule is:

. In another aspect, the
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00257 In another aspect, the molecule is:

[0027] As embodied and broadly described herein, an aspect of the present disclosure relates io a

molecule having the formula

rses T

RYis metind, ethod, sropyl, butl, acetyl, alkyl, B s OH or scebyd, 8716 G, OH, acetvh B is M or acely), and BS
fa M or postyl,

BRIEF DESCRIPTION OF THE DRAWINGS
[O028] For a more complete understanding of the features and advaniages of the present
disclosure, reference is now made to the detailed description of the disclosure along with the
accompanying figores and o which:
(00291 FIG. 1 A shows the experimental timeline and methods. (FIG. 1A} Timeline of ocular laser
surgeries, drug treatments, dissections, mmunchisiochernistry, and confocal mioroseopy. Laser
disruption of Bruch's membrane fo induce CNV formation. Topical eye drop adminisiration

technigue. Enucleation and dissection of eyes: eyes were hemisected {o separate anterior and

3G
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posterior halves, reting was separated from underdying choroid, and radial cuts were made to

facititate Hattening of samples for staindng, flat mounting, and microscopy.

£
(00307 FIGS. 2A to 2B show that minocyeline and discetyl minocycline (DAM) eve drops reduce
CNV volume in female and male mice, (FIG. 2A) Representative images of CNV lesions in mice
treated with saline (n = 4 ferales and 4 males), minocycline (= 4 females and 4 males), or DAM
{n= 4 females and 4 males) for 2 weeks. Lesions were labeled with fluorescent markers for
teolectin IB4 {red; blood vessels), phalloidin {green; RPE), and DAPT (bfue; nuclei). Al settings
were kept constant across all images, for both confocal muicroscopy and mmage analysis. Scafe bar;
100 gm. (FIG. 28) Plot of CNV lesion volumes in saline, minocycline, and DAM treatment
groups. Each point corresponds to the average volume of CNV lesions in both left and right eyes
of a single mouse. A one-way ANOVA with Bonferront's multiple comparisons test was used o
analyze differences between control, minccychine, and DAM treatment groups with data from
male and female mice combined, ¥P < (.0003, ¥*P < Q.001. Error bars vepresent standard ervor

of the mean.

[00317 FIG. 3 shows representative three-dimensional reconstructions of NV lesions in female
mice, Mice were treated with saline {n = 4 fomales and 4 males), minocycline {n = 4 females and
4 males), or DAM {n = 4 fomsales and 4 males) eve drops for 2 weeks., All settings were kept
constant across all images, for both confocal microscopy and image analysis, Scale bar: 100 um.
Three channels: green (RPE), red (blood vessels), and blue (vuclel) channels superinaposed. Green
channel: phalloidin-labeled RPE. Red channel: tsolectin IB4-labeled blood vessels. Blue channel:

A PL-labeled nuclet

[0032] FIG. 4 shows represeniative three-dimensional reconstructions of CNV lesions in male and
female mice. Mice wore treated with saline (m= 4 fomales and 4 males), mincoychine (n= 4
fernales and 4 males), or BAM {n = 4 famales and 4 males} eve drops for 2 weeks. All settings
were kept constant across all images, for both confocal microscopy and Image analysis. Scale bar:
F00 um. Three channels: green (RPE), red (blood vesselsy, and blue {nucleld channels
superimposed. Green channel: phalloidin-labeled RPE. Red channel: isolectin [B4-labeled blood

vessels, Blue channel: DAPH abelad nuclel,

[0033] FIGR. 3A to 5C show the antimicrobial activity of minocycline and DAM. (FIG. 5A) CFU
assays 1o determine antibacterial activity of minocychine asd DAM. DAM exhibited no
anitbacterial activily against &£ coff al concentrations up to 10 ug/mb. (FIG. 5B} Zone of
inhibition assays to determine antibacterial activity of minocychne and DAM. DAM exhibited no

antibacterial activity against £ colf at concentrations up to 10 pg/mbL. (FIG. 3C) CFU aseays to
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determine antifungal activity of minocyeline and DAM. DAM exhibited no antifungal activity
against O albicans at concentrations up to 100 pg/mi. All experiments were repeated in triplicate.

Error bars vropresent standard ervor of the mean.

[0034] FIGS.6A and 68 show BEM and Mino exhibit significant MMP-9 inhibition at 60 and 30
ubd (FIG. 6A) The inhibitory potential of BEM against MMP-9 was evaluated in terms of
percentage inhibition at various concentrations (20, 40, 60, 86 uM]} in comparison to the prototypic
inhibitor N-Isobutyl-N-{4-methoxyphenyleolfonvhiglyey! hydroxamic acid (NNGH) through a
colorimetric assay in a 96-well microplate format pung a chromogenic subsirate (Ac-PLG-{2-
mercapto-d-methyl-pentanoyiNLG-OC Hsy. Statistical OUne-way ANOVA was performed using
Dunnett’s multiple comparisons test with adiusted P values of < 0.001; DF= 36, F (9, 60) = 83.94
and n=3. BEM and Mino showed significant MMP-R inhibition at 90 and 120 uM (FIG. 6B}, The
trhibitory potential of BEM against MMP-8 was evaluated in torms of percentage mbibition at
various concentrations {30, 80, 90, 120 uM) in comparison to the prototypic inhibitor Nefsobutyl-
N-{4-methoxyphenylsulfonyhglyveyt hydroxamie acid (NNGH) through a colorimetric assay in a
S6-well microplate format uwsing a chromogenic substrate (Ac-PLG-2-mercapto-d-methyl-
pentanoyl LG-OCHs), Statistical One-way ANOVA was performed using Dunnett’s multiple

comparisens test with adjusted P valoes of <0.0001; DF= 36, F (8, 60} = 83.94 and n=3.

100351 FIGS. 74 and 7B. Nomicroghial cells were grown in vitro and treated with LPS (25
ng/mlby for 12 howrs and subsequently treated with BEM and Mino at 20 yM concentration for
another 12 bours. Immuno- histochemistry of the controls and treatruents was using Thal specific
goat polycional Thal primary antthody (1:100) followed by anti-poat secondary antibody
conjugated with FITC {1:100}. The nuclet were stained with DAPL Statistical One-way ANOVA
was performed using Dunnett’s maoltiple comparisons test with adjusted %% P values of <

4.0001; DF= 20, F (3, 20) = 97.98 and n=6.

{00361 FIGS. 8A and 88, [bal was significantly reduced n N9-microghial cells that were grown
in vitro and treated with LPS (25 ng/mi} for 12 hours. and subsequently treated with BEM and
Mino at 25 uM concentration for another 12 hours. The western blot was treated with Anti-Ibal
rabbil recombinant monoclonal antibody at 1:100 ratio, overnight. Goat anti-rabbit HRP
conjugated secondary antibody was added at 1:100 and, the blot was visualized with ECL reagent
at 1:10. Sististical One-way ANOVA was performed using Dunnett’s multiple comparisons test

with adjusted *** P values of < 0.0002; DF=§, F (3, 8) = 3833 and n=3.

f0037] FIG. 9A and 9B, HUVEC cells seeded at 3x10° cells/well in endothelial cell media into a

2 well silicone insert to create a well-defined celi free gap. Positive controls contained 25 ngfiul.
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of VEGF and growth factors whereas negative controls contained no VEGF and growth factors.
BEM and Mino showed messurable inhihition of ovigration at 100 uM. Statictical One-way
ANOVA was performed using Dunnett’s multiple comparisons test with adjusted P valies of *

0.0440; DF= 12, F (3, 12) = 6.028 and n=4,

{138} FIG. 10, BEM showed anti-~oxidant activity against L-glhotamine induced ROB-oxidative
siress, The percentage inhibition of BEM and Mino against L-Glu induced ROS was evaluated in
tarms of percentage positive conirol at various concentrations (30, 60, 90, 120 uM). Both BEM
and Mino showed a dose-response inhibition of ROS, with highest inhibition at 120 pM. Statistical
Ume-way ANOV A was performed using Dunnett’s multiple comparisons test with adjusted P

valupes of %% 00049, DF=27F (8, 27) = 3096 and n=4.
BETAILED DESCRIPTION

{30381 While the making and using of various aspects of the present disclosure are discussed in
detail below, i should be apprecisted that the present disclosure provides many applicable
inventive concepts that can be embodied in a wide variety of specific contexts, The specific
aspects discussed horein are merely ihusirative of specific ways to make and use the discloswre

and do not delimit the scope of the disclosure.

[0040] To facilitate the understanding of this disclosure, g number of terms are defined below.
Terms defined herein have meanings a3 commonly understood by a person of ordinary skill inthe
areas relevant to the present disclosure. Torms such as “g”, “an”™ and “the” are not intended to
refer to ondy a singular entity, but include the general class of which a specific example may be
used for illustration. The terminology hersin is used fo deseribe specific aspects of the disclosure,

hut their nsage does not delimit the disclosure, except as outlined in the claims.

{33411 The present inventors found thal minceyeline and mincoyeline analog{s) given as eye
drops prevend new vasculature o an ocular neovaseulanization mouse model, The eve drops might
be any minecycline analog modified to remove its antimicrobial action, but retain the anti-
angiogenic properties. The drugs block angiogenesis, in diseases such as age-related macular
degeneration and dizbetic retinopathy. Treatment currently uses injections into the eyve and
patients often have poor compliance, which o many cases lsads to blindness. The current standard
of care is a bislogic, which is cost prohibitive. The novel molecules and medications can be easily
given as eve drops where comphance should show striking improvement, The freatment is by cye-

drop and is painless, with a drug that should be magnitudes less expensive.

100421 Minocychine is g fetracychne antibiotic with known imanunomodulatory  and

antiangiogenic properties. However, the antimicrobial action of minocycline can cause

a2
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problematic side effects, confribule to antimiorobial resistance, and devastate microbiots,

particularly with long-term use and systemic administration.

00431 The present inventors tested two alternatives to reduce the potential side effecis of

minocyeling: (1} targeted administration of minocycline via topical eve drops o treat NV, and

{2) modification of minooycling {o remove the antimicrobial action, thereby generating a novel

modified minocycline analogue, diacetyl minocycline (DAM; also delivered via eye drops), to

freat NV, Both treatment strategios were tested in a model of TNV in female and male mice.

[3044] Molecules.
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BEM via ethyl acetate
[0045] Novel Molecules
Structure A

OR? O ORr? QR4

P

R1 is hydrogen, methyl, ethyl, propyl, acetyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl, 3-
methyl butyl, isopentyl, acetyl, N,2,2-trimethylpropan-1-amine, azido, amino, nitro, acyl amino,
N N-dimethyl glyeylamino, ethoxythiocarbonylthio, diazonium, R2 is hydrogen, methyl, ethyl,
propyl, acetyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl, 3-methy! butyl, isopentyl, acetyl,
R3 is hydrogen or acetyl, R4 is a hydrogen or acetyl and RS is a hydrogen or acetyl, R6is Hor
acetyl, R7 is hydrogen or dimethyl amino.

Structure B
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R1 is hydrogen, methyl, ethyl, propvl, acetyl, isopropyl, n-butyl, isobutyl, teri-butvl, n-pentyl, 3-
methyl butyl, isopentyl, acetyl, N2, 2-trimethylpropan-1-amine, azido, amino, nitro, acyl amino,
N.N-dimethyl glycylamine, sthoxythiocarbonyithio, diazoninm, R2 is hydrogen, methyl, ethyl,
propyl, acetyl, isopropyvl, nebutyl, tsobutyl, tert-butyl, nepentyl, 3-methy! butyl, isopentyl, acetyl,
R3 is hydrogen or acetyl, R4 is a hydrogen or acetyl and RS is a hydrogen or acetyl, Réis Hor
acetyl, B7 is hydrogen or dimethyl amine.
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Structure C

OR? 0 OH OH
R ’E\\ ij\ "w“'[\
-

NN

R1 is hydrogen, methyl, ethyl, propyl, acetyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl, 3-
methyl butyl, isopentyl, acetyl, N,2,2-trimethylpropan-1-amine, azido, amine, nitro, acy! amine,
N, N-dimethyl glycylamino, ethoxythiocarbonylthio, diazonium, R2 is hydrogen, methyl, ethyl,
propyl, acetyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl, 3-methyl butyl, isopentyl, acetyl,
R3 is H or acetyl, R4 is hydrogen or dimethyl amino.

Structure D

N ORS

PN

R is hydrogen, methyl, ethyl, propyl, acetyl, isopropyl, nebutyl, isobuiyl, tert-butyl, nepentyl, 3-
methyl butyl, fsopentyl, acetyl, N2 2-trimethylpropan-1-amine, azido, aming, sitro, acyl smino,
N N-dimethy! glveylamino, ethoxyihicearbonylthio, diaronium, R2 is hvdrogen, mathyl, athyl,
propyl, acetyl, isopropyl, nebutyl, Isobutyl, tert-butyl, mepentyl, 3-methyi butyl, isopentvl, acetyl,
R3 is H or acetyl, and R4 s hydrogen or dimethyl amine.

inchuding those that follow.
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100467 Dosage forms.

(00471 The molecules of the present invention can be combined with any pharmaceutically
acceptable excipionts, carriers, solvents, diluents, salts, buffers, and/or polymers. Various salt
forms can be uwsed to aller the physicochemieal properties to increase solubility, stability,
bioavailability and enable the use of easier formulation strategies at lower doses. Some examples,
not himited to byt including, salts of hydrochlornide, hydrobromide, sulfate, tosviate, mesylate,
napsylate, besylate oxalate, malate, phosphate, pamoate, tartarate, fumarate, citrate, hippurate,
benzoate, succinate, acetate, or carbonate. Non-Hmiting examples of phammaceutically acceptable
carriers for delivery to the eye inchude, but are not imated to, suspension-type eve drops, gve wash,

an eye gel, an eye cream, ointment, gel, liposomal dispersion, self-emulsifying drog delivery
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systems, solloidal microparticle suspension, and the like, and other preparations known 1o those
of skill in the art to be suitable for ccular administration.  As such, the pharmaceutical
compositions of the present invention containing human corneal epithelial stem cells, the human
corneal epithelial stem cell supernatant, or both may be adminisiered wsing commonly known
deviees configured for the delivery of the pharmaceutical compesitions in the form of (o the region
surrounding the eye. An ocular insert may also include a biodegradable controlled release
polymeric matrix, that can be implanted in the conjunctiva, sclera, pars plana, anterior segment,
or postenior segment of the eve. The pharmaceutically acceptable carrier of the pharmacentical
compastiion of the Invention may comprise a wide variety of noneactive ingredisnts which are
useful for formulation purposes and which do not materially affect the novel and useful properties

of human corneal epithelial stern cells, the human corncal epithelial stom cell supermatant, or both.

{048} The present invention may also include suitable thickeners known to those of ordinary skill
i the art of ophthalmic formmuiation, e.g., cellulosic polvmers such as methylcelludose (MC),
hydroxyethylesiinlose (HEC), bydroxypropyleellidose (HPC), hydroxypropyvimethyleeilulose
(HPMC}, and sodium carboxymethviceliulose (MNaCMC), and other swellable hydrophilic
polymers such as polyvinyl alechol (PYA), hyalwonic actd or a salt thereof {e.g., sodium
hyshuronate), and cresslinked acrviic acid polvmers commonly referred o as "carbomers® that
may or may nof be biodegradable. The preferred amount of any thickener is such that a viscosity
in the range of about 15 cps to 25 cps is provided, as a sclution having & viscosity in the
atorementioned range is generally considered optimal for both comfort and retention of the
tormulation i the eye. The present invention may also include suitable isotonic agents and
buffering agents commonty used in ophthalmic formulations, providing that the osmotic pressure
of the solution does not deviate from that of lacryimal fluid by more than 2-3% and that the pH of
the formulation is maintained in the range of about 6.5 to about 8.0, preferably in the range of
about 6.8 to about 7.8, and optimally at a pH of about 7.4, Non-limiting examples of buffering

agents include carbonates such as phosphate, sodivm and potassiurn hicarbonate.

{00491 The present invention may also be used in a hydrogel, dispersion, or collpidal suspension.
Hydrogels are typicaily made by incorporating a gel-torming polvmer such as those set forth above
as suitable thickening agents, except that a formulation referred to in the art as a "hydrogel®
typically has a higher viscosity than a formulation referred to as a ™hickened® solution or
suspepsion. In contrast fo such preformed hydrogels, a pharaacentical composition may also be
preparved that forms a hydrogel in situ following application to the eve. Such gels are ligud at
room temperature but pel at higher temperatures {and thus are tenmed "thermoreversible”

hydrogels), such as when placed in contget with body fluids, Biocompatible polymers that impart
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this property inchide acrvlic acid polymers and copolymers, N-sopropylacrvlamide derivaiives,
and block copolymers of ethylene oxide and propvlene oxide. The present invention may also
prepared in the form of s dispersion or colloidal suspension. The present invention way also be
uysed in colloidal suspensions formed from microparticles, e.g., microspheres, nanospheres,
microcapsules, or nanocapsules, where the microspheres and nanospheres are generafly
monolithic particles of a polymer matrix o which the pharmaceutical composition is trapped,
adsarbed, or otherwise contained, while with microcapsules and nanocapsules, the formmulation is
actually encapsulated.

{00507 Pharmacentically acceptable ophthalmic carrier(s) for use with the present invention may
he of g wide range of types known o those of skill in the art. For example, the present invention
can be provided as an ophthalwic solition or suspension, v which case the carder is at least
paritally agucous and can support living cells. The pharmaceutical compositions may alse be
ointrents, in which case the pharmacentically acceptable carvier comprises an ointment base, e.g.,
having a melting or softening point close to body temperature, and any ointment bases commonly
used o ophthalmic preparations may be advantagoousty employved, Common ointment bases

include petrolatom and mixtares of petrolatwn and mineral ol

(00511 As used herein, the term “controlled relegse” refers to an agent-containing formulation or
fraction thersol in which release of the active agent is not immediate, Le., with 2 "controlled
release” formulstion, administration does not result in immediate release of the agent into an
absorption peel. The term is used interchangeably with "non-immediate release”™ as defined in
Remington: The Science and Practice of Pharmacy, Mineteenth Ed. (Easton, Pa.: Mack Publishing
Company, 19953 In general, the term "controlled release” as used herein refers fo "sustained
release” rather than to "delayed release” formulations. The term "sustained release” {synonymous
with "extended release”} is used in its conventional sense 1o refer (o 2 formmlation that provides

for gradual release of an active agent over an extended period of time.

(00521 T an embodiment, the human corneal epithelial stem ecells, the human corneal epithelial
stem cell supernatant, or both, and other agents may be released over a period of at least 2, 4, 6,
8, 10, 12 hours, gt least 18 hours, al least 24 hours, at least 48 howrs, at least 3 days, at least 7 days,
or fonger. Likewise, the supernatant nvay be isolated afier incubating the cells for at feast 18 hours,
at feast 24 hours, at least 48 hours, at least 3 days, at least 7 days, or longer.

{00531 The human corneal epithelial stem cells, the human corseal epitheHal stem cell
supernatant, or both or pharmaceutical composition can be administered, as described herein,

according to any of a number of standard methods inchuding, but not limited to injection, drops,

2
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serum, spray, time-release jwplant, transdermwal patch, eye drops, gels, ointwoents, orally,
intraocular njection, subconjumctival imjection, peri-retrobulbar njection, transdermally, or
topically to the ocular region by an eve drop dispenser, or the like, including topical intranasal
administration or administration by inhalant, and the like, spray, emulsion, suspension, via any

drug carriers as sponges, contact lenses, polymers, microspheres, and implants,

{00341 A topical administration can be sphthalmically. Topical ophthalimic products may be
packaged jo multidose form, and may slso include preservatives to provent microbial
comtamination during use.  Suitable preservatives inclode: bignanides, hvdrogen peroxide,
hydrogen peroxide producers, benzalkoniwm chloride, chlorobutano!, benrododecinium hromide,
methyvt paraben, wopy! pargben, phenviethyl alcohol, edetate disodinm, sorbic acid,
polyguaternivm-1, or other agents known o those skilled v the arl. Buch preservatives are
typically employed at g lovel of from 0.001 to 1% {(w/w), Unit dose formulations of the present
invention will be sterile, but typically wapreserved. Such formulations, therefore, generally will

not conigin preservalives.

[0035] The pharmaceutical composition may further include corticostercids. Examples of
corticosteroids include cortisone, predoisnlone, trismcinolone, flurometholone, dexamethasone,
medrysone, Ioteprednol, fluazacort, hydrocortisone, prednisone friameinelone, betamethasone,
preduisone,  methylpredunisolone,  friamcinolone  acetonide, wiamcinolone  hexacetonide,
paramethasene geetate, diflorasone, floocinolone and Huccinonide, devivatives thereof, and

mixtures thereof

[0036] The pharmacentical composition may further comprise hmpunosuppressive agents.
Examples of bmmunosuppressive agents include cyclosporine, avathioprine, tacrolimns,
TNFalpha-inhibitors, infliximab, (Remicade), adalimumad {(Huomdra), certolizumab  pegol

(Chneda), and gobimmumab (Simpond), and etasercept {Enbrel) and derivatives thereofl

[0057] The pharmaceutical composition may further comprise antiviral agents. Pxamples of
antiviral agents inclode and are not limited o, interforon gamma, sidovudine, amantadine

hydrochloride, ribavirin, scyclovir, valciclovir, didsoxyeytidine, and derivatives thereof

[(058] The pharmacentical composition may further comprise antihistamines. Fxamples of
antihistamines inclade, and are not hmited to, loradatine, hydroxyzine, diphenhydramine,
chiorpheniramine, brompheniramine, oyproheptadine, ferfenasdine, clemastine, triprolidine,
carbinoxamine, diphenyipyraline, phenindamine, aratadine, ripelennamine,
dexchlorpheniramine, dexbrompherdramine, methdilazine, and trimprazine doxyviamine,

phemiramine, pyrilamne, chioreyclizine, thonzylamine, and derivatives thereof

-
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{0039] In this study, two hypotheses were tested to reduce potential side effects of minocycline:
{1} targeted admimistration of minooyeline via topical eve drops would be officacions to treat
CNV, and (2} modification of minocychine to remove the antimicrobial action, thereby generating
a novel madified minocycline analogue, discety! minocyeline {(BAM; also delivered via eye
drops}, would freat CNV as well as minocyeline. Both treatment strategies were tested in a model

of CNV in female and male mice.

(00607 ONY was induced via laser injury in female and male CS7BL/AT mice. Minocycling,
DAM, or saline was administered via topical syve drops twice a day for 2 weeks starting the day
after laser injury. CNV volume was measured using immunohistochemistry labeling and confocal

MCTOsCopy.

(0061} Minocycline reduced lesion volume by 79% (P < 0.0004} in fermale and male mice. DAM
reduced lesion volume by 73% (P < 0.001) in fomale and male wice. There was no significant
difference in lesion volume betwesn minocycline and DAM {reatment groups or betwesen female

and male mice.

(60621 Both minocyeline and DAM eve drops significantly reduced laser-induced CNV lesion
volume in fomale and male mice. While oral tetracyclines have been shown to mitigate pathologic
negvascularization in both preclinical studies and clinical trials, the present data ave the first to
suggest that teiracycline derivatives may be effective fo reduce pathologic UNV when
admindsiered via lopical eve Jrops. However, the action is unrelated o antimicrobial action.
Targeted delivery of these medications via eve drops may reduce the potential for systeric side
effects.

{00631 Animal Husbandry., All animals were treated in accordance with the Asseciation for
Research in Vision and Ophthalmology Statement on the Use of Animals in Ophthalmic and
Viston Research. All experimental protoceols were conducted under the approval of the Texas Tech
University Health Sciences Center Institutional Asimal Care and Use (ommittee in the
Aszsociation of Assessment and Accreditation of Laboratory Animal Care (AAALAC) aceredited

Laboratory Animal Resource Facility,

[0064] Laser-Induced Choroidal Neovascularization. CNV was indoced tn male and female
CSTBL/GI mice {7-9 weeke old} via laser disruption of Bruch's membrane as previously
described. 39-41 Brielly, pupils were dilated with topical 1% tropioamide and 2.5% phenyiephrine
{Alcon, Fort Worth, TX, US A}, and mice were anesthetized with tsoflurane (1.5-2% at 0.5 L/min}
during ccular surgeries. The reting was vieushized with as fndivect ophithalmoscope using a 30-

diopter lens, Bruch's membrane was disrupted via laser ablation by an individual masked o
4 I Y
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treatment groups using a NA:'YAG 532w laser {Aloon) adinsted to 83 io B0 oW with an exposure
time of 0.100 seconds and a spot size of 50 um. Breakage of Bruch's membrane was verified with
ohservation of bubble formation. Three o four laser shots were placed in both left and right eves
al approximately two disc diameters away from the edge of the optic nerve. Une mouse was used

as a nonlasered control for visualization of normal choroid—RPE struckure.

(006571 Drugs and Treatment. Mice were divided into three groups: minocyeline, BAM, and
control {n= 4 males, 4 fomales per group). Mmocychne HC (Sigma-Aldrich, 85t Louis, MO,
UBA, catalog vo. 13614-98-7) and DAM HC (>98% purnty, struchue confirmed by Liguid
Chromatography-Mass Spectrometry {LCMS) and Nuclesr Magnetic Resonance (NMR), created
by ME, and purchased from AttachChem, Lubbeock, TX, USA) were dssolved and suspended,
respectively, in sterile saline (0.9% Nall in waler) o a concentration of 10 mg/mL. Sterile saline
{0.9% Ma(l in water} was used for controls. All treatiments were administered bilaterally via
topical eye drops twice a day for 2 weeks, starting the day after laser surgeries {see Fig. 1). Drops
were left in cach eye for 20 seconds while mice were firmly scruffed to allow time for absorption

and to prevent nasal and/or oral ingestion of drops.

[(066] Enncleation and Dhssection of Eyes. Mice were hirnancly euthanized via carbon dioxide
inhalation and cervical dislocation. Mice were decapitated and s longitudinal fracture was placed
along the dorsum of the skull. Tissue was dissected away 1o expose the orbital bones, which were
cracked, taking care to avoid damaging the eves. The optic nerve and extraccular muscles were
severed. {moe free, eyes were immediately fixed for 60 minutes in 4% paraformaldehyde in i~
phosphate-tuffered saline {(PBS; 9 g/l NaCl, 0232 g/ KH:POy 0703 g/l NaxHPO4)
{invitrogen; Thermo Fisher Scientific, Waltham, MA, USA). Eves were transferred to 17 PBE for
forther dissection. Eves were hempisected psing miorosurgery scissors and fine tweezers to separate
the anterior and posterior halves of the eves. The crysialline lens and vitreous hmor were
removed. Retinas were separated from the inderlying chovoud/sclera eve cups. Radial cuts were

made in the choroidal sections (o allow them to flatten when mounied,

(00671 Choreidal Flat Mounts. A solution of three fluorescent dyes was prepared; 4',6-diamidino-
Z-phenyhndole {DAPD (1:1:000 dilotion of a 10 mg/mL solution}, isolectin 184 {1:100 dilution
of'a 1 ug/ul solation, conjugated with Alexa Fluor 5683, and phatluidin {1:100 dilution of 3 0.2
U/uL solutton, congugated with Alexa Fluor 488} (Invitrogen, Waltham, MA, USA). Fluorescent
stgnals for DAPLI {405 nm, blue), phalloidin (488 nm, green), and isolectin 1B4 (568 nm, red) were
used to visuahize ruclel, RPE, and blood vessels, respectively. Choroid/sclera eyve cups were

washed with cold Invnunocytochemistry (ICC) buffer (3.5% bovine serom albomin, 0.2% Tween
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20, 0.05% sodium azide) in 1% PR (9 wL NaCl, 0.232 w/L KHPO4, 0.703 g/l NasHPO4 [pH
7.373, then incubated with the fluorescent dyes at 4°C with gentle rotation for 4 hours in a
humidified chamber. After incsbation, choroid/sclera eye cups were washed by placing them
briefly in a 1 ml solution of cold ICC buffer, then flat-mounted, covered, and sealed CNV
Evaluation and Quantification. CNV complexes were visnshzed using a Nikon Ti-E inverted
microscops with Al confocal module (Nikoo, Melville, NY, USA). Horirontal optical sections
were collected from the surface of the RPE/choroid/sclera complexes to 4 depth at which choroidal
vascular networks could no longer be observed. Al images were taken at 20« magnitication at
1024 = 1024-pixel resolution and at a depth of 8 bits per channel. All lesions were imaged and
evaluated for each mwouse. CNV bum lesions were excluded from analysis if an error ocourred
during laser surgeries {one lesion}, if lesions were damaged during eve rermoval or dissection {six
lesions), i two lesions merged as g rosult of being placed too close together (four lesionsy, or if'g

major non-CHNY vessel crossed the lesion {one lesion).

[0068] ONV volumnes were guantified in cubic micrometers as previousty described, 39,40 with
the exceptions that NIS-Elements Imaging Software (Nikon) was used for analysis and non-CNV
blood vessels on the periphery of microscopy frames were excluded from analysis. Images of
wdividual cross sections were saved as confocal N2 files and used 1o generate three-dimensional
reconsiractions of each CNV complex. All soitings were kept constant across all frmages. The red
channel (TRITC, isolectiv 1B4) was used to identify CNV complexes. All three channels (biue,
DAPL nuclet; green, FITC, RPE: and red, TRITC, blood vesscls) were used to draw g Bezier
region of interest for each lesion to exclude any blood vessels outside the diameter of the lesions.
A conservative intensity threshold for the red channel was used to exclude any background signal.
The summation of foorescent area within the Bezier regions of interest within each horizontal
section was used as an index for CNV volume. All imaging and analyses were carried out by an

individua] blinded {0 treatment groups.

(00691 Results of the volume measurements were analyzed with Prism version 7.00 (GraphPad
Software, 3an Diego, CA, USA). CNV volumes were averaged across all burns for each mouse.
CNY volumes were expressed as mean + SEM. Two-way analyses of variance (ANOVAs) with
Tukey's multiple comparisons test were used fo determine any differences m CNV volume
between treatment groups and between female and male mice. & one-way ANOVA with
Bonferroni’s muliiple comparisons fest was used fo analvze differences between control,

minceyching, and BAM treatment groups with data from male and formale mice combined.
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(30701 Antinvicrobial Activity of Minocyeline and DAM. Antimicrobial testing was conducted as
previously described. 42,42 To compare the astimicrobial action of DAM to minocychine, sone of
inhibition (£} assays were conducted for Escherichio coli and colony-forming unit {CFU)
assays were performed using E. coli and Candida albicans a3 a representative of bactericidal and
fumgicidal activity, respectively. In the 207 assays, the inventors used the disc diffusion testing
method for these experiments as previously described 44,45 The dise diffusion testing method and
CFU assay are well-standardized, reliable susceptibility testing techuiques. Briefly, bacteria were
grown overnight in LB medium. The ollowing day, the bacterial culture was washed in Mueller
Hinton (MH) broth (#70192; Sigma-Aldrich), and the bacterial suspension was adjusted o an
ODsos of 0.1 {(which is equivalent to the 0.5 McFarland standard; ~1 x 107 bacterial cell/mL) in
M broth according 1o the standard guidelines of the National Committee for Clinical Laboratory
Standards.44,45 Following this, a sterile cotton swab was dipped info the adjosted bacterial
culture, and a lawn of bacteria was spread on an LB Agar plate. The test discs were prepared by
adding 20 pL DAM, minocvoline, or sterile water solutions onto 6 mm diameter blank BD BBL
Sensi-Dise Antimicrobial Suscepiibility Test Discs (#B31039; Fisher Scientific, Waltham, MA,
USAY, Triplicate discs were distributed evenly onto the LB Agar surface. The plates were then
ingubated at 37°C for 24 hours before the results were read and recorded. The diameters of the
zones of complete and clear inhibition, including the diameter of the disc, were measured 1o the

nearest withmeter with a caliper.

(00711 To determine the minimum fungicidal conceniration of BAM using the {FU assay, C
albicans (ATCC 3147, Pamela Parr) was grown in Yeast Peptone Diextrose {YPD) broth at 35°C
for 48 hours. Aliguots of the 48 hour cultures were inoculated into fresh YPE broth to an Ol
~1.00. DAM was diluted in YPD broth st concentrations of 14, 25, 530, or 100 pg/mi and 1 mL
aliquots of each were pipetied in triplicate into the wells of a 24 microtiter well plate. The wells
were inoculated using 10 ul. aliguots of the adjusted cultures for an initial inoculum of 10°
CFU/MmL and the microtiter well plates were incubated at 35°C. Afler 24 howurs of incubation, the
cultures were serially diluted 10-fold, plated on YPD agar, and monbated at 35°C for 24 hours to

guantify the CFU/nL present.

{00727 Inhibition of MMPs by DAM and Minoccycline. MMP-@ inhibition was tested using a dose
response of O, 25, 530, and 75 uM minocyveline and DAM osing the Abcam assay (AB284517;
Abcarn, Waltham, MA, USA),

(00737 Minocycline and DBAM Inhibit Experimental Choroidal MNeovascularization. Treatment

with minocyeline significantly reduced CNV lesion volume in both female and wale mice (F1,
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12=152, = 00021} (Fig. 2A, Fig. 3, Fig. 4). Treatment worked equally well between sexes as
there was no significant difference in CNV volume between fomale snd male mice (F1, 12=2.026,
P = 01801} Treatment with DAM also significantly reduced CNV lesion volume in both female
and male mice (F1, 12 = 14.54, P= 0.0025) (Fig. 2A, Fig, 3, Fig. 4). Again, DAM treatment
werked equally well in female and male mice as there was no significant difference in CNV

volume (F1, 12 = 0.4373, P = 0.5209) and no drug X sex interaction.

[0074] Because sex did not have a significant jmpact on TNV vohune between control and
winocychine or control and DAM freatment groups, the data from female and male mice were
combined and fiwther evaluated. Treatment with minocycline reduced ONV lesion volume By 79%
compared to control {P = §.0004; 95% conBidence tnterval [CT], 4212-14,7923 (Fig. 2, Fig. 3, Fig.
4}, Treatment with DAM reduced CNV lesion volume by 73% compared to control (P = 0.0009;
93% Cl, 3493140743 (Fig. 2, Fig. 3, Fig. 4}. Both munocychine and DAM worked equally well
as there was no significant difference between freatment groups {n= 8, P> (.9999) (Fig. 2, Fig.
3, Fig. 4

(307351 Antimicrobial Activity of Minccvehine and DAM. DAM had no antibacterial activity
against £, cofi at doses 400 times higher than the antibacterial dose of minocycling (Fig, 5). DAM
had no antifungal activity against O albicans ai doses twice the antifungal dose of minocyeline
{Fig. 5).

[G076] MMP Inhibition by Minocyeling and DAM.  Both mincoveline and DAM showed

inhibition of MMP, with DAM showing stronger inhibition at lower doses.

FO077] Therefore, the present mmventors show that minocyeline and/or DAM eye drops increase
sffectivensss and patient satistaction while lowering the overall treatment burden of current anti-
YEGFE injections used in treating vision-threatening CNY. The novel molecules, compositions
and methods lower the cost of freatment for ONVerelated disorders compared to intravitreal
injoctions because they reguire fewer serial, or oven, no injections. Mot having to inject the active
agent divecily inte or aboui the eve decreases the overall freabment burden as patients’
ophthabmology visiis are decreased. In addition, another benefit of the present invention is the lack
of need for a specialist to administer shots, which also increases ireatment accessibility. Topical
administration {gs opposed to intravitregl injection) significantly reduces the risk for adverse
events, such as endophthalomiis, wiection, and eve irvitation. Finally, a study by Chalam et al.62
www,nchinlmonih, govipmc/articles/PMCIO709801/ - bib62 found that interleukin & levels
correlate with resistance to anti-VEGF treatment in AMD, further increasing the need for

alternative interventions. Taken together, topical minocveling and/or minccyoline analogs,

&1



WO 2025/090761 PCT/US2024/052809

including DAM, eye drops can be used to treat CNV- or other eye-related disorders, e.g diabetic

retinopathy, age-related macular degeneration, pterygia, pinguecula.

[0078] It is contemplated that any aspects of the disclosure discussed in this specification can be
implemented with respect to any method, kit, reagent, or composition of the disclosure, and vice
versa. Furthermore, compositions of the disclosure can be used to achieve methods of the
disclosure.

[0079] It will be understood that particular aspects described herein are shown by way of
tllustration and not as limitations of the disclosure. The principal features of this disclosure can
be employed in various aspects without departing from the scope of the disclosure. Those skilled
in the art will recognize, or be able to ascertain using no more than routing cxperimentation,
numerous equivalents to the specific procedures described herein.  Such equivalents are

considered to be within the scope of this disclosure and are covered by the claims.

[6080] All publications and patent applications mentioned in the specification are indicative of
the level of skill of those skilled in the art to which this disclosure pertains. All publications and
patent applications are herein incorporated by reference to the same extent as if each individual
publication or patent application was specifically and individually indicated to be incorporated by
reference.

{0081] The use of the word “a” or “an” when used in conjunction with the term “comprising” in
the claims and/or the specification may mean “one,” but it is also consistent with the meaning of
“one or more,” “at least one,” and “one or more than one.” The use of the term “or” in the claims
18 used to mean “and/or” unless explicitly indicated to refer to alternatives only or the alternatives
are mutually exclusive, although the disclosure supports a definition that refers to only alternatives
and “and/or.” Throughout this application, the term “about” is used to indicate that a value
includes the inherent variation of error for the device, the method being emploved to determine

the value, or the variation that exisis among the study subjects.

[0082] As used in this specification and claim{s), the words “comprising” (and any form of
comprising, such as “comprise” and “comprises”), “having” {and any form of having, such as
“have” and “has”), “including” (and any form of including, such as “includes” and “include”) or
“comntaining” (and any form of containing, such as “contains” and “contain”} are inclusive or open-
ended and do not exchade additional, unrecited elements or method steps. In aspects of any of the
compositions and methods provided herein, “comprising” may be replaced with “consisting
essentially of” or “consisting of”. As used herein, the phrase “consisting essentially of” reguires

the specified integer(s) or steps as well as those that do not materially affect the character or

62



WO 2025/090761 PCT/US2024/052809

fumction of the claimed invention. As used herein, the term “counsisting” is used to indicate the
presence of the recited integer (e.g., a feature, an element, a characteristic, a property, &
method/process step or a limitation} or group of intogors {e.g., festure(s), slement(s),

characterictic{s)y, propertisf{s), method/vrocess sieps or Hmitation{s)) only,
3 k 5 o

{00831 The term “or combinations thereo?” as used herein refers o all permutations and
corabinations of the listed tterns preceding the term. For exasrople, “A, B, €, or combinations
thereof” 19 intended to include st least one oft A, B, T, AR, AT, BC, or ABC, and if order i3
imporiant in a particular context, also BA, CA, CB, CBA, BCA, ACB, BAC, or CAB. Continuing
with this example, expressly included are combinations that contain repesats of one or more item
or term, such as BB, AAA, AR, BBC, AAABCCOC, UBBAAA, CABABR,. and so forth. The
skilled artisan will understand that tvpically there is no hmit on the number of items or terms in
any combination, unless otherwise apparent fromn the context.

2% W

[G(84] As used herein, words of approximation such as, without limitation, “about”, "substaniial®
or "substantially” refers o a condition that when so modified s understood {o not necessarily be
absolute or perfect but would be considered close enough to those of ordinary skill in the art to
warrant designating the condiiion as being present. The extent to which the description may vary
will depend on how great a change can be instituted and stifl have one of ordinary skilled in the
art recognize the modified feature as still having the required characteristics and capabilities of
the unmodified feature. In general, but subject {0 the preceding discussion, a numerical value
herein that e modified by a word of approximation such as “about” may vary from the stated value

byatleast+1,2,3,4,5, 6 7, 10, 1Z or 15%.

3

[0085] Additionally, the section hoadings herein are provided for consistency with the suggestions
gnder 37 CFR 1.77 or otherwise to provide organizational cues. These headings shall not Hmit or
characterize the disclosure(s) set out in any claims that may issue from this disclosure,
Specifically, and by way of example, although the headings refer (o 2 *Field of Invention,” such
claims should not be limited by the fanguage under this heading o describe the so-called technical
field, Further, 3 description of technology in the “Background of the Invention™ section is not to
be construed as an admission that technology 15 prior art to any disclosure(s} in this disclosure.
Werther ¢ the “Swomary” to be considered a characterization of the disclosure(s) st forth in
issued claims. Furthermore, any reference in this disclosure to “invention” in the singular should
ot be used {o argue that there 1s only a swogle pomt of novelty in this disclosure. Muliiple
mventions may be set forth according to the himitations of the multiple claims issuing from this

disclosure, and such claims accordingly define the invention{s}, and their equivalents, that are

pa
[N



WO 2025/090761 PCT/US2024/052809

protected thereby, In all imstances, the scope of such clabms shall be considered on their own

merits in light of this disclosure but should not be constrained by the headings set forth herein.

(008671 Al of the compositions and/or methods disclosed and claimed herein can be made and
executed withowt undne experimentation in lHght of the present disclosure, While the
compositions and methods of this disclosure bave been described in terms of preferred aspects, it
will be apparent to these of skill in the art that variations may be applied to the compositions
and/or methods and in the steps or in the sequence of steps of the methed described herein without
departing from the concept, spirit and scope of the disclosure. All such similar substitutes and
modifications apparent to those skilled in the art are deemed to be within the spirit, scope and

concept of the disclosure as defined by the appended claims.

(00871 To md the Patent Othice, and any readers of any patent 1ssued on this application in
interpreting the claims appended hersto, applicants wish to note that they do not intend any of the
appended clairms to invoke paragraph 6 of 35 USB.C. § 112, USC, § 112 paragraph (), or
equivalent, as it exists on the date of fling hereof unless the words “roeans for” or “step for” are
explicitly used in the particular claim.

[GUBR] For each of the claivus, esch dependent claim can depend both from the independent claim
and from each of the prior dependent claims for each and every claim so long as the prior claim
provides a proper antecedent basis for a claim ferm or element.
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What is claimed is:
i. A method of treating an oculsr disease or disorder, comprising:

administering o a subject a composition, wherein the composition comprises a molecule
or a pharmaceutically acceptable salt thereof, and baving reduced or no antinnerobial activity,
wherein the molecule is selected from at least one of Structure A, B, €, or D

Struciure A

oR® O O3 Rt

P

1 s hydrogen, methyl, ethyl, propyl, acetyl, tsopropyl, n-butvl, isobutyl, tert-butyl, nup@r;tv} 3«
methy! butyl, Isopentyi, acetyl, N.2,2-trimethyipropan-1-amine, azido, aming, nitro, acy! amino,
N, N-dimethyl ghyoylamine, ethoxvthiocarbenyithio, digronium, R2 is hydrogen, methyl, sthyl,
propyl, acetyl, isopropyl, n-butyl, tsobutyl, wert-butyl, n-pentyl, 3-methyl butyl, isopentyl, scetyl,
B3 is hydrogen or acetyl, R4 is a bydrogen or acetyl and R3 is a hydrogen or acetyl, R6 s Hor
acetyl, R7 is hydrogen or dimethy] amioo

Structure B

0
Rl 1\ Q

S \T/,/ \“ \\Q\\\l SN,

OH O O

\\\\\ o V\"\&,.-""'fﬂ“\\\\w.w"cﬁ i 5:{/; ‘ :\\\\ORS

N ORA

N

R1 is hydrogen, methyl, ethyl, propyl, acetyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyi, 3-
methyl butyl, isopentyl, acetyl, N,2,2-trimethylpropan-1-amine, azido, amino, nitro, acyl amino,
N, N-dimethy! glyeylamino, sthoxythiocarbonylthio, diazonium, R2 is hydrogen, methyl, ethyi,
propyl, acetyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl, 3-methyl butyl, isopentyl, acetyl,
R3 is hydrogen or acetvl, R4 is a hydrogen or acetyl and RS is a hydrogen or acetyl, R6 is H or
acetyl, R7 is hydrogen or dimethyl amino. .
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Structure C

R1 is hydrogen, methyl, ethyl, propyl, acetyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyt, 3-
methyl butyl, isopentyl, acetyl, N,2,2-trimethylpropan- I -amine,azido, amino, nitro, acyl amino,
N,N-dimethyl glycylamino, ethoxythiocarbonylthio, diazonium, R2 is hydrogen, methyl, ethyl,
propyl, acetyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl, 3-methyl butyl, isopentyl, acetyl,

K3 is H or acetyl, R4 is hydrogen or dimethyl amino . oF

Structure
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R} is hydrogen, methyl, ethyl, propyl, acetyl, isopropyl, n-butyl, isobutyl, tert-butyl n-pentyl, 3-
methyl butyl, isopentyl, acetvl, N,2,2-trimethylpropan-1-amine,azido, aming, nilre, acyl aming,
N N-dimethyl glyeylamino, ethoxythiocarbonylthic, diazonium, B2 is hydrogen, methyl, ethyl,
propyl, acetyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl, 3-methy! butyl, isopenivl, acetyl,
R3 is H or geetyl, and B4 s hydrogen or dimethyl amine

and epimeric and tautameric forms thereofl

2. The method of claim §, wherein the ocular disease or disorder is selected from the group
consisting of abnormal angiogenesis, choroidal neovascularization (CNV), age-related macolar
degeneration {AME), neovascular (exndative) age-related macular degeneration (nAMD),
digbetic retinopathy, retinal vascular pormaesbility, retinal edema, plerygia, pinguecula, digbetic
macular edema (DME), CNV associated with nAMD, sequela associated with retinal ischemia,
central retinal vein coclusion, and posterior segment neovascularization,

3. The method of cladm 1, wherein the molecule has the formula:
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and epimeric and tantameric forms thereof

The method of claim 1, whergin the molecule is:

4.

o
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5. The method of claim 1, wherein the molecule is:

Me e N

~3

. The method of claim 1, wherein the molecule i3 provided at a dose o' 0,01, 0,05, 1, 2, 3,
4,5,6,7,8,9, 10, 15,20, 25, 30, 40, 50, 60, 70, 75, 84, 80, 100, 200, 250, 300, 400, 500, 600,
TO0, 750, 800, 900, or 1,000 mg.

8. The method of claim 1, wherein the administration s topical {aguecus, gelatinous or
hyaluronic acid solution}, an insert, or a local ocular adminisiration, subconjunctival injection,

slow release insert or orally.

S0



WO 2025/090761 PCT/US2024/052809

1. The method of claim 1, wherein the adminisiration is local ooular administration selected
from suboonjunciival (sub-tenons), infravitreal, retrobulbar, posterior paxtascleral or
intracameral administration,

11, The method of claim 1, wherein the compogition further comprises a pharmaceutically
acceptable excipient, carrier, vehicle, or polymer.

12, The method of claim 9, wherein the excipient, cartier or vehicle pharmaceutically
acceptable is suitable for oral, topical, intravenous, enteral or parenteral administration.

13, The method of claim 9, wherein the polymer is selected from the group consisting of
chitesan, gelatin, sodium alginate, albumin, poly-L-lactide (PLLAY, polv{lactic acid) (PLAY,
poiy{glyeohic acidy (PGA), poly(lactic co-glyveolic acid) (FLGA), polveaprolactone, polv{lactide
co-caprelactone), poly(methyl methacrylates), poloxamer, polv{ethviene glveol) (PEG), PEG-
PLLA, PEG-PLGA, polvimethyl vinyl ether/maleic anhydride), celludose acetate phthalate, and
combinations therent,

14, A moleaule selecied from st least one of Structure A, B, C, or I

Structure A

R1 is hydrogen, methyl, ethyl, propyl, acetyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl, 3-
methyl butyl, isopentyl, acetyl, N,2,2-trimethylpropan-1-amine, azido, amino, nitro, acyl amino,
N, N-dimethy! glycylamino, ethoxythiocarbonylthio, diazonium, R2 is hydrogen, methyl, ethyl,
propyl, acetyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl, 3-methyl butyl, isopentyl, acetyl,
R3 is hydrogen or acetyl, R4 is a hydrogen or acetyl and RS is a hydrogen or acetyl, R6isHor
acetyl, R7 is hydrogen or dimethyl amino.

o1
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Structure B

PN

R1 is hyvdrogen, methyl, ethyl, propvl, acetyl, isopropyl, n-butyl, tsobutyl, tert-butyl, n-pentyl, 3-
methyl butyl, isopentyl, acetyl, N,2,2-trimethyipropan- -aming, azido, amioo, nitro, acy] amine,
M M-dimethyl glyvevlamine, ethoxyihiocarbonylibio, digzonium, B2 is hydrogen, methyl, othyl,
propyl, acetyl, isopropyl, n-butyl, isebutyl, tert-butyl, n-peniyl, 3-methyl butyl, isopentyl, aceiyl,
3 is hydregen or acetyl, R4 is a hydrogen or acety! and K3 is a hvdrogen or acetyl, RoisHor
acetyl, R7 is hydrogen or dimethy] amino.

Structure C

OR? o OH OH

O
S
',h.-"

: f.«“"‘ \\T ,;";/ > o ” ‘i\\\\ﬁ.«“" S NH s
N

/"’N\\

Bl s hydrogen, methyl, ethyl, propyl, acetyl, isopropyl, n-butyl, isobutyl, tert-butyl, s-pentyl, 3-
methy] butyl, isopentyl, acetyl, MN,2,2-irimethvipropan-1-amine, azido, amine, nitro, acyl amino,

N, M-dimethy! ghveylamine, ethoxythiocarbonyvithio, diazoniom, R2 is hydrogen, methyl, ethyl,
propyl, acetyl, isopropyl, n-buiyl, isobutyl, tert-butyl, v-pentyl, 3-methy! butyl, sopentyl, acetyl,

R3 s H or acetyl, B4 is hydrogen or dimethyl amino ot
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Structure D

M OR*
// \
R1 is hydrogen, methyl, ethyl, propyl, acetyl, isopropvl, n-butyl, isobutyl, tert-butyl, n-pentyl, 3~
methyl butyl, isopeuntyl, acetyl, N.2,2-trimethylpropan-1-amine, azido, amino, nitro, acyl amino,
N,N-dimethyi glycylamino, ethoxythiocarbonylthio, diazonium, R2 is hydrogen, methyl, ethvl,
propyl, acetyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl, 3-methyl butyl, isopentyl, acetyl,
R3 is H or acetyl, and R4 is hydrogen or dimethyl amino.

and epimeric and tautameric forms thereof.

15. The molecule of claim 14, wherein the molecule is selected from at least one molecule of
claim 3.
16. The molecule of claim 14, wherein the molecule is:

M SN0 o o o o©

N
Me”  Me

The molecule of claim 14, wherein the molecule is:

am—y
~
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18. The molecule of claim 14, wherein the molecule is:
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19, The molecule of claim 14, wherein the molecule is:

20. The molecule of claim 14, wherein the molecule is provided at a dose o 0.01, 0.05, 1, 2,
3,4,5,6,7,8,9, 10, 15, 20, 25, 30, 40, 50, 60, 70, 75, 80, 90, 100, 200, 250, 300, 400, 500, 600,
700, 750, 800, 900, or 1,000 mg.

21. The molecule of claim 14, wherein the molecule is formulated for administration that is
topical, an insert, or a local ocular administration.

22. The molecule of claim 14, wherein the molecule is formulated for administration
selected from subconjunctival (sub-tenons), intravitreal, retrobulbar, posterior juxtascleral or

intracameral administration.
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23, Themolecule of claim 14, further comprising a pharmaceutically acceptable excipisnt,
carrier, vehicle, or polymer,

24, 'The molecule of claim 23, wherein the excipient, carrier or vehicle pharmaceutically
acceptable is suitable for oral, topical, infravenous, enteral or parenteral administration.

25, The molecule of claim 23, wherein the polymer is selected from the proup consisting of
chitosan, gelatin, sodium alginate, slbuin, poly-L-lactide (PLLA)Y, poly{lactic acid) (PLA),
poly{glveolic acid) (FGA), poly{lactic co-glyeolic acid) (PLGA), polveaprolactone, polytlactide
co~caprolactone), poly(methy! methacrylates), poloxarner, poly(ethyvlene glyeol) (PEG), PEG-
PLLA, PEG-PLGA, polyvimethyl vinyl ether/maleic anhydride), celiulose acetate phthalate, and
combinations thereof,

26, A pharmaceutical composition comprising a molecule having reduced orno
antimnicrobial getivity and a pharmaceutically acceplable excipient, carvier, vehicle, or polymer,
wherein the molecule is selected from at least one of Structure A, B, C, or I

Siructure A

OR? O OR3
| ;
{ { {
1 i i i
R e x""‘f"‘x\\- PN 2
\VV ’\E \[«'
LN A, A, A
Ry AN - N
i o - ’(.c"" N .
\\\\§ N \\,.. v DR G
N U
RN
-~ S

R1 is hydrogen, methyl, ethyl, propyl, acetyl, isopropyl, r-butyl, isobutyvl, tect-butvl, nepentyi, 3-
methyl butyl, isopentyl, scetyl, N2 2-trivsethvipropas- L-amine, axido, amino, nitro, acy] amino,
M N-dimethyl glveylaminoe, sthoxythiocarbonylthio, diazonium, R2 is hydrogen, methyl, ethyl,
nropyl, acetyl, isopropyl, n-butyl, isebhutyl, teri-butyl, n-peniyl, 3-methyl botyl, isopentyl, acetyl,
3 is hydrogen or acetyl, R4 15 a hydrogen or acetyl and RS is a hydrogen oracetyl, R s Hor
acetyl, R7 is hydrogen or dimethyl aminn

O
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Structure B
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R1 is hydrogen, methyl, ethyl, propyl, acetyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl, 3-
methyl butyl, isopentyl, acetyl, N,2,2-trimethylpropan-{-amine, azido, amino, nitro, acyl amino,
N,N-dimethyl glycylamine, ethoxythiocarbonylthio, diazoniurs, R2 is hydrogen, methyl, ethyl,
propyl, acetyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl, 3-methyl butyl, isopentyl, acetyl,
R3 is hydrogen or acetyl, R4 is a hydrogen or acetyl and RS is a hydrogen or acetyl. R6 is H or
acetyl, R7 is hydrogen or dimethyl amino

Structure C

OR? O OH OH G

N R4

R1 is hydrogen, methyl, ethyl, propyl, acetyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyi, 3-
methyl butyl, isopentyl, acetyl, N,2,2-trimethylpropan-1-amine, azido, amino, nitro, acyl amino,
N, N-dimethyl glycylamino, sthoxythiocarbonylthio, diazonium, R2 is hydrogen, methyl, ethyl,

propyl, acetyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl, 3-methyl butyl, isopentyl, acetyl,

R3 is H or acetyl, R4 is hydrogen or dimethy! amino . or
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Strocture D

OR? o QH OH 0
R L\ - ,«‘i\,\ 3 TN ﬁ
\.I,f ’\.]‘:‘ \{ / I \ e e \ 2
%f’fﬁf \\\ NJ R.’S
- N “~ E)R‘*

R1 is hydrogen, methyl, ethyl, propyl, acetyl, isopropvl, n-butvl, isobutyl, tert-butyl, n-pentyl, 3-
methyt butyl, isopentyl, acetyl, N.2,2-trimethylpropan- 1 -amine, azido, amine, nitre, acyl aming,
N WN-dimethyl glyeylaminoe, ethoxythiocarbonylthio, diazonium, R2 is hydrogen, methyl, ethyl,
propyl, acetyl, isopropyl, n-butyl, isobulyl, tert-buiyl, nepentyl, 3-methyl buivl, isopentyl, acetyl,
B3 in M or acetyl, and R4 is hydrogen or dimethy] amine

and epimeric and tautameric forms thereof

27, The pharmaceutical composition of claim 26, wherein the molecule is provided at a dose
s 01,005, 1,2,3,4,5.6, 7,8, 9,18, 15, 20, 25, 34, 40, 30, 60, 70, 75, 80, 90, 100, 200, 250,
300, 400, 500, 600, 700, 750, 800, 900, or 1,800 ma

2R, The pharmaceutical composition of ¢laivy 26, wherein the molecule is selected from at
least one molesule of claim 3.

29, The pharmaceutical composition of claim 26, wherein the molecule is formuiated for
administration that is topical, an insert, or a local ocunlar administration.

30, The pharmacentical composition of claim 26, wherein the molecule is formulated for
administration selected from subconjunctival (sub-tenons}, intravitreal, retrobulbar, posterior
juxtascleral or intracameral admindstration.

31, The pharmaceutical composition of claim 26, wherein the excipient, carrier or vehicle is
suitable for oral, topical, intravenous, enteral or parenteral administration.

32, The pharmaceutical composition of claim 26, wherein the polymer is 8 water-soluble
cellnjose selected fromy hydeoxyethyicellulose, hydroxy-n-propyicetiulose, hydroxy-n-
butyleelinlose, hydroxypropyvimethyl celhulose, hvdroxypropyimethyl cellulose phihalate, and
ethythydroxyethvicelladose; starch; dextran; polyvinvipyrrolidone, a polyester selected from
compounds under the tradename Budagrit; or a polyalkylene glveol.

33, The pharmaceutical composition of claim 26, wherein the polymer is selecied from the
group consisting of chitosan, gelatin, sodium alginate, albumin, poly-L-lactide {(PLLA},

polvilactic acid) {(PLA), poly{glyeslic acid) (PGA), polyiactic co-glyeolic acid) (PLGA),
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polycaprolactong, poly(lactide co-caprolactone), polv{methyl methacryiates), poloxamer,
poly{ethylene glycol} (PEG), PEG-FLLA, PEG-PLGA, polv{methyl vinyl ether/maleic
anhydride}, cellulose acetate phihalate, and combinations thereof.

34,  The pharmaceuntical composition of claim 26, wherein the molecule is:

Me” e NG 0 OH

\d

Me” TMe Me

35, The pharmaceutical coroposition of claim 26, wherein the molecule is:

Mo S N

36.

oM Q o I 9
¥ H it 1
N i H it
< AL N N SN
% o PR A .
X R o N -
‘*\\\( \\ . \{;f/ \\ ~ §,
E s
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37.  The pharmaceutical composition of claim 26, wherein the molecule is:
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prcocsiies
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38 The phanmaceutical composition of claim 26, wherein the molecule is penty! ether
minocycline.

39. A molecule having the formula:

R is misthyl, ethyl, propyd, butyl, acetyl, alkyl B2 s O or scatyl, BYis 0, OH, soetyl, R Is H or scetyl, and B5
is H o soslyl,
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