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FIG. 40
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NEUROSTEROIDS AND ENANTIOMERS
THEREOF FOR THE PREVENTION AND
TREATMENT OF NEURODEGENERATIVE
CONDITIONS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application 1s a continuation of U.S. patent
application Ser. No. 16/782,406, filed on Feb. 5, 2019, which
claims priority to U.S. Provisional Application No. 62/801,
187, filed Feb. 5, 2019, the contents of which are incorpo-

rated herein by reference in their entirety.

GOVERNMENT SUPPORT CLAUS.

T

[0002] This invention was made with government support
under MH101874 and MHO77791 awarded by the National

Institutes of Health. The government has certain rights in the
invention.

BACKGROUND OF THE DISCLOSURE

[0003] Glaucoma i1s a leading cause of irreversible blind-
ness, and mvolves selective damage to retinal ganglion cells
(RGCs). Increased intraocular pressure (I0P) 1s a major risk
tactor for glaucoma. However, the pathogenesis underlying
RGC damage by IOP elevation remains unclear.

[0004] Autophagy 1s an intracellular degradation system
induced under cellular stress to digest cytoplasmic constitu-
ents or cell organelles to maintain nutrient and energy
homeostasis. Autophagy begins with an expanding double-
membrane structure called a phagophore or 1solation mem-
brane in the cytoplasm. The 1solation membrane sequester-
ing cytosolic materials and organelles forms a double-
membrane vesicle called an autophagosome (AP). APs fuse
with the lysosome to degrade their contents, then become
degenerative autophagic vacuoles (DAVs) (FIG. 1A).
Autophagy also maintains intracellular homeostasis by
climinating damaged cell organelles and misfolded proteins,
and plays an important role 1n neurodegenerative diseases
including glaucoma, age-related macular degeneration, reti-
nal vascular occlusion, diabetic retinopathy, Alzheimer’s
disease and traumatic brain injury.

[0005] In general, a neurosteroid i1s an endogenous or
non-endogenous steroid or steroid analogue with the abso-
lute configuration of natural steroids or their unnatural
mirror images (enantiomers ) that modulate central or periph-
eral nervous system function. Enantiomers of natural ste-
roids do not occur 1n nature, accordingly steroid enantiomers
are synthetic. Endogenous neurosteroids are modulators
generated 1n the nervous system 1n response to cellular stress
and are potent modulators of neurotransmitter systems. For
purposes of this disclosure, the term “neurosteroid” 1s used
to designate any neurosteroid, any neuroactive steroid, any
steroid that 1s made locally 1n the brain, any steroid not made
in the brain but made elsewhere 1n the body that alters brain
function, and any synthetic steroid that alters brain function.
Neurosteroids and enantiomeric neurosteroids include, but
are not limited to allopregnanolone, cholesterol, preg-
nenolone, progesterone, pregn-So-ane-3,17-dione, pregn-
Sp-ane-3,17-dione, androsterone, etiocholanolone, tetrahy-
drodeoxycorticosterone, and any of the neurosteroids
disclosed 1n U.S. Pat. No. 10,202,413 B2, which 1s herein

incorporated by reference.
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[0006] Among them, allopregnanolone (AlloP) 1s a strong
enhancer of GABA , receptors. AlloP attenuates pressure-
induced retinal mnjury in ex vivo rat retinas. Because neu-
roprotective elflects of AlloP were inhlibited by a specific
GABA , antagonist, the neuroprotection with AlloP 1s likely
mediated by GABAergic signaling. However, neuroprotec-
tion by AlloP may not exclusively imnvolve GABA , recep-
tors. AlloP was found to activate autophagy in a mouse
model of Niemann-Pick Type C disease and in primary
astrocyte cultures, suggesting that upregulation of
autophagic flux may contribute to endogenous neuroprotec-
tive mechanisms. Ent-AlloP 1s the synthetic enantiomer of
AlloP (FIG. 1B) and has weak actions on GABA , receptor
signaling. In spite of i1ts diflerences from AlloP, ent-AlloP
may have neuroprotective eflects mn a mouse model of
Niemann-Pick Type C disease, raising the possibility that
ent-AlloP acts via mechanisms distinct from AlloP.

[0007] As described herein, a rat ex vivo ocular hyperten-
sion (OHT) model with a closed chamber incubation system
(FIG. 1C) and an 1n vivo OHT model following injection of
polystyrene microbeads into the anterior chamber were used
to compare neuroprotective eflects of AlloP and ent-AlloP,
focusing on the role of GABA , receptors and autophagy.

BRIEF DESCRIPTION OF THE DISCLOSUR

[0008] In one aspect, the present disclosure 1s directed to
a composition for prevention or treatment of a neurodegen-
crative condition. The composition comprises a neuroster-
o1d, a synthetic enantiomer of a neurosteroid, or a combi-
nation thereof.

[0009] In another aspect, the present disclosure 1s directed
to a method of preventing or treating a neurodegenerative
condition comprising inducing autophagy. The method com-
prises administering an effective amount of a composition
comprising a neurosteroid, a synthetic enantiomer of a
neurosteroid, or a combination thereof.

[0010] In yet another, aspect, the present disclosure 1is
directed to a method of attenuating pressure-induced retinal
injury. The method comprises administering an eflective
amount of a composition comprising a neurosteroid, a
synthetic enantiomer of a neurosteroid, or a combination
thereof.

L1

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The embodiments described herein may be better
understood by referring to the following description in
conjunction with the accompanying drawings.

[0012] FIGS. 1(A-S) are exemplary embodiments of
autophagy flux and neuroprotective eflects of neurosteroids
on pressure-mediated retinal degeneration 1 an €x vivo
model 1n accordance with the present disclosure. FIG. 1A
discloses key steps of autophagy flux. FIG. 1B discloses
structures ol neurosteroids. FIG. 1C discloses a closed
pressure-loading system. FIG. 1D discloses a light micro-
graph ol pressure-loaded retina at 10 mmHg (arrow 1ndi-
cates blood capillary). FIG. 1E discloses a light micrograph
of pressure-loaded retina at 75 mmHg (arrowheads indicate
axonal swelling). FIG. 1F discloses a light micrograph of
pressure-loaded retina at 75 mmHg with 1 uM AlloP. FIG.
1G discloses a light micrograph of pressure-loaded retina at
75 mmHg with 1 uM ent-AlloP. FIG. 1H discloses a light
micrograph of pressure-loaded retina with administration of

1 uM AlloP and 1 uM picrotoxin. FIG. 11 discloses a light
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micrograph of pressure-loaded retina with administration of
1 uM ent-AlloP and 1 uM picrotoxin, scale bars 20 mm. FIG.
1] discloses RGC survival and neuroprotection in pressure-
loaded whole mounted retinas at 10 mmHg. FIG. 1K dis-
closes RGC survival and neuroprotection in pressure-loaded
whole mounted retinas at 75 mmHg. FIG. 1L discloses RGC
survival and neuroprotection 1 pressure-loaded whole
mounted retinas with 1 uM AlloP at 75 mmHg. FIG. 1M
discloses RGC survival and neuroprotection in pressure-
loaded whole mounted retinas with 1 uM ent-AlloP at 75
mmHg, scale bars 200 FIG. IN discloses the number of
NeuN-positive cells in whole mount retinas (Tukey *p<O0.
05). FIG. 10 discloses 10 mmHg TUNEL staining. FI1G. 1P
discloses 75 mmHg TUNEL staining. FIG. 1Q discloses
TUNEL staining with 1 uM AlloP. FIG. 1R discloses
TUNEL staining with 1 uM ent-AlloP, scale bars 30 FIG. 15
discloses the number of TUNEL-positive RGCs per 200 um
of retina section (Tukey *p<0.05).

[0013] FIGS. 2(A-S) are exemplary embodiments of elec-

tron micrographic and Western blot analyses of ex vivo
retinas in accordance with the present disclosure. FIG. 2A
discloses an electron micrographic of an ex vivo retina at 10
mmHg (“Mu” indicates Muller cell). FIG. 2B discloses an
clectron micrographic of an ex vivo retina at 75 mmHg
(arrowheads 1ndicate swollen axons). FIG. 2C discloses an
clectron micrographic of an ex vivo retina with AlloP (1 uM)
at 75 mmHg (“NFL” indicates nerve fiber layer). FI1G. 2D
discloses an electron micrographic of an ex vivo retina with
ent-AlloP (1 uM) at 75 mmHg. FIG. 2E discloses a DAV
(indicated by double arrows) in the NFL at 10 mmHg. FIG.
2F discloses AP 1n the NFL at 10 mmHg. FIG. 2G discloses
a DAV 1n the NFL at 10 mmHg. FIG. 2H discloses a DAV
(indicated by double arrows) in the NFL at 75 mmHg. FIG.
21 discloses a DAV 1n the NFL at 75 mmHg. FIG. 2]
discloses an 1solation membrane in the NFL at 75 mmHg.
FIG. 2K discloses 1 uM AlloP with AP indicated by single
arrow. FI1G. 2L discloses 1 uM AlloP with DAV indicated by
double arrows. FIG. 2M discloses 1 uM ent-AlloP at 75
mmHg with DAV indicated by double arrows. FIG. 2N
discloses the number of AP per 50 um?2 of retina. (Dunnett

F p<<0.05 or Tukey *p<0.05). FIG. 20 discloses the number
of DAV per 50 um2 of retina (Dunnett -+ p<t0.05 or Tukey
*p<0.05). FIG. 2P discloses representative Western blot
analyses of LC3. FIG. 2Q) discloses quantitative Western
blot analysis of LC3II expression (Dunnett < p<0.05 or
Tukey *p<0.05). FIG. 2R discloses representative Western
blot analyses of p62. *p<0.03. FI1G. 28 discloses quantitative
Western blot analysis of p62 expression (Dunnett + p<t0.05
or Tukey *p<0.05).

[0014] FIGS. 3(A-H) are exemplary embodiments of
cllects of pressure elevation, neurosteroids, and 3-MA 1n
accordance with the present disclosure. FIG. 3A discloses a
light micrograph of retinal morphology for administration of
10 mM 3-MA with no differences 1n the retina incubated
with 1 uM AlloP at 75 mmHg. FIG. 3B discloses a light
micrograph of retinal morphology for administration of 10
mM 3-MA with dampened protective effects of 1 uM
ent-AlloP at 75 mmHg (arrowheads indicate axonal swell-
ing; arrows indicate RGC degeneration). FIG. 3C discloses
a light micrograph of retinal morphology with severe
induced damage by 3-MA (10 mM) at 75 mmHg. FIG. 3D
discloses a light micrograph of retinal morphology with
induced degeneration by 3-MA (10 mM) at 10 mmHg, scale
bars, 20 FIG. 3E discloses representative Western blot
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analyses of LC3 proteins in pressure-loaded retinas (75
mmHg) treated with 1 uM ent-AlloP alone or with 1 uM
ent-AlloP and 10 mM 3-MA. FIG. 3F discloses quantitative
Western blot analysis of LC3-II expression in the retina
incubated with ent-AlloP at 75 mmHg (Wilcoxon Rank-Sum
Test *p<0.05). FIG. 3G discloses representative Western
blot analyses of p62 proteins in pressure-loaded retinas (75
mmHg) treated with 1 uM ent-AlloP alone or with 1 uM
ent-AlloP and 10 mM 3-MA. FIG. 3H discloses quantitative

Western blot analysis of p62 expression.

[0015] FIGS. 4(A-S) are exemplary embodiments of
ellects of IOP and neurosteroids on RGC or axonal survival
in accordance with the present disclosure. FIG. 4A discloses
an 1njection of microbeads (surrounded with a broken line)
into the anterior chamber. FIG. 4B discloses a light micro-
graph of the iridocorneal angle (“I'M” indicates trabecular
meshwork; “CB” indicates ciliary body). FIG. 4C discloses
an enlargement of the rectangular area 1n FI1G. 4B. FIG. 4D
discloses IOP profiles. FIG. 4E discloses control eye

TUNEL stamning. FIG. 4F discloses non-treated OHT eye
TUNEL stamming. FIG. 4G discloses TUNEL staining for
administration of 1 uM AlloP 1n OHT eyes, scale bars 30
FIG. 4H discloses TUNEL staining for administration of 1
uM ent-AlloP in OHT eyes, scale bars 30 FIG. 41 discloses
the number of TUNEL-positive RGCs per 200 um of retinal
sections (Tukey *p<0.05). FIG. 4] discloses a confocal
image of NeuNlabeled RGCs 1mn a Control eye. FIG. 4K
discloses a confocal image of NeuNlabeled RGCs 1n a
microbead-injected OHT eye without neurosteroid admin-
istration. FIG. 4L discloses a confocal image of NeulNla-
beled RGCs with administration of 1 uM AlloP or FIG. 4M
discloses a confocal image of NeulNlabeled RGCs with
administration of 1 uM ent-AlloP, scale bars 200 FIG. 4N
discloses the number of NeuN-positive cells 1n the whole
mount retina under each condition (Tukey *p<0.05). FIG.
40 discloses a light micrograph of the optic nerve axons
three weeks after microbead injection for a control eye. FIG.
4P discloses a light micrograph of the optic nerve axons
three weeks after microbead injection for microbead-in-
jected eyes with OHT. FI1G. 4Q) discloses a light micrograph
of the optic nerve axons three weeks after microbead injec-
tion with admimstration of 1 uM AlloP. FIG. 4R discloses a
light micrograph of the optic nerve axons three weeks after
microbead 1njection with administration of 1 uM ent-AlloP,
scale bars 10 um. FIG. 4S discloses axonal number in whole
mount retinas under each condition (Tukey *p<t0.05).

[0016] FIGS. 5(A-7) are exemplary embodiments of elec-
tron micrographs 1n 1 vivo OHT eyes in accordance with
the present disclosure. FIG. 5A discloses an electron micro-
graph of the NFL of a control eye at low magnification. FIG.
5B discloses an electron micrograph of DAV of the control
eye of FIG. SA. FIG. 5C discloses an electron micrograph of
the 1solation membrane of the control eye of FIG. SA. FIG.
5D discloses an electron micrograph of the NFL of a
non-treated OHT eye at low magnification. FIG. SE dis-
closes an electron micrograph of DAV of the non-treated
OHT eye of FIG. 8D. FIG. 5F discloses an electron micro-
graph of AP of the non-treated OHT eye of FIG. 5D. FIG.
5G discloses an electron micrograph of the NFL of an OHT
eye treated with AlloP at low magnification. FIG. 5H dis-
closes an electron micrograph of DAV of the of OHT eye
treated with AlloP of FIG. 5G. FIG. 51 discloses an electron
micrograph of AP (indicated by arrowhead) and DAV (indi-
cated by double arrows) of the OHT eye treated with AlloP
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of FIG. 5G. FIG. 5] discloses an electron micrograph of the
NFL of an OHT eye treated with ent-AlloP at low magni-
fication. FIG. 5K discloses an electron micrograph of DAV
of the OHT eye treated with ent-AlloP of FIG. 5]. FIG. 5L
discloses an electron micrograph of DAV of the OHT eye
treated with ent-AlloP of FIG. 51.

[0017] FIG. SM discloses the number of APs (n=4 per
experiment, Dunnet 7p<0.05, Tukey *p<0.05). FIG. 5N
discloses the number of DAVs (n=4 per experiment, Dunnet
Tp<0.05, Tukey *p<0.05). FIG. 50 discloses an electron
micrograph of optic nerves of a control eye. FIG. 5P
discloses an electron micrograph of an OHT eye at low
magnification. FIG. 5Q discloses an electron micrograph of

AP of the OHT eye of FIG. 5P. FIG. 5R discloses an electron
micrograph of DAV of the OHT eye of FIG. 5P. FIG. 55
discloses an electron micrograph of an OHT eye treated with
AlloP at low magnification. FIG. 5T discloses an electron
micrograph of AP of the OHT eye treated with AlloP of FIG.
5S. FIG. SU discloses an electron micrograph of AP of the
OHT eye treated with AlloP of FIG. 55. FIG. 3V discloses
an electron micrograph of an OHT eye treated with ent-
AlloP at low magnification. FIG. 5W discloses an electron
micrograph of DAV of the OHT eye treated with ent-AlloP
of FIG. 5V. FIG. 5X discloses an electron micrograph of
DAYV of the OHT eye treated with ent-AlloP of FIG. 5V. FIG.
5Y discloses the number of APs and FIG. 57 discloses the
number of DAVs *p<0.03.

[0018] FIGS. 6(A-D) are exemplary embodiments of
Western blotting 1n in vivo OH'T eyes 1n accordance with the
present disclosure. FIG. 6A discloses Western blot analysis
of LC3. FIG. 6B discloses quantitative analysis of LC3-11
expression (n=4 per experiment, Dunnet Tp<0.05, Tukey
*p<0.05). *p<0.05. FIG. 6C discloses Western blot analysis
of p62. FIG. 6D discloses quantitative analysis of LC3-11
expression (n=4 per experiment, Dunnet Tp<0.05, Tukey
*p<0.05).

DETAILED DESCRIPTION OF TH.
DISCLOSURE

(L]

[0019] It 15 described herein that the neurosteroid, allo-
pregnanolone (AlloP), and i1ts enantiomer (ent-AlloP) are
similarly neuroprotective in both 1n vivo and ex vivo rat
models of glaucoma. In the ex vivo model, ent-AlloP was
neuroprotective via autophagy activation but, unlike AlloP,
not via GAB AA receptor modulation. Immunoblotting,
analysis revealed that AlloP increased LC3-1I and decreased
p62. Electron microscopic analysis showed that AlloP
increased autophagosomes (APs) without altering numbers
of degenerative autophagic vacuoles (DAVs). ent-AlloP
markedly increased DAVs and LC3-II without altering APs
but suppressing p62 levels more effectively, indicating that
autophagy activation 1s a major mechanism underlying its
neuroprotective eflects.

[0020] Thus, AlloP and ent-AlloP serve as potential thera-
peutic agents for treatment of glaucoma but these enantiom-
ers protect the retina by distinct mechanisms. Therapeutic
agents mclude compositions comprising at least one of a
neurosteroid and a synthetic enantiomer of the neurosteroid,
such that an administered effective amount of the composi-
tion 1s a therapeutically eflective amount. The exact amount
of a compound required to achieve an eflective amount will
vary Irom subject to subject, depending, for example, on
age, general condition of a subject, identity of the particular
compound(s), mode of administration, and the like. The
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compounds or neurosteroids of the present disclosure are
usetul for at least inducing autophagy, attenuating pressure-
induced retinal injury, and other benefits described herein 1n
a subject, ¢.g., a human subject, and are preferably admin-
istered 1n the form of an eflective amount of a compound (or
combination of compounds) of the instant disclosure and
optionally or additional components.

[0021] In some embodiments, the present disclosure 1is
directed to a composition for prevention or treatment of a
neurodegenerative condition comprising a neurosteroid, a
synthetic enantiomer of a neurosteroid, or a combination
thereof In some embodiments, the composition comprises a
neurosteroid. In some embodiments, the composition com-
prises a synthetic enantiomer of a neurosteroid. In some
embodiments, the composition comprises a neurosteroid and
a synthetic enantiomer of a neurosteroid.

[0022] In some embodiments, the composition further
comprises a saline solution. Saline solutions are typically of
physiological concentration akin to extracellular fluid in the
brain. In some embodiments, the composition further com-
prises (2-Hydroxypropyl)-p-cyclodextrin (ZHBCD).
2HBCD concentration in the composition 1s from about 1
millimolar to about 10 millimolar, or about 20% (w/v).
[0023] Insome embodiments, the neurosteroid is allopreg-
nanolone and the synthetic enantiomer of the neurosteroid 1s
ent-allopregnanolone. In some embodiments, the neuroster-
oi1d and enantiomeric neurosteroid includes, but are not
limited to, allopregnanolone, cholesterol, pregnenolone,
progesterone, pregn-Sa-ane-3,17-dione, pregn-53-ane-3,17-
dione, androsterone, etiocholanolone, tetrahydrodeoxycorti-
costerone, and any of the neurosteroids disclosed mn U.S.
Pat. No. 10,202,413 B2, which 1s herein incorporated by
reference.

[0024] In some embodiments the neurosteroid, the syn-
thetic enantiomer of the neurosteroid, or the combination
thereof has a concentration of from about 10 nM to about
100 uM.

[0025] In some embodiments, the composition comprises
the neurosteroid, and a concentration of the neurosteroid 1s
from about 10 nM to about 100 uM, from about 100 nM to
about 10 uM, or about 1 uM.

[0026] In some embodiments, the composition comprises
the synthetic enantiomer of the neurosteroid, and a concen-

tration of the synthetic enantiomer 1s from about 10 nM to
about 100 uM, from about 100 nM to about 10 uM, or about

1 uM.

[0027] In some embodiments, the composition comprises
both the neurosteroid and the synthetic enantiomer of the
neurosteroid, and a concentration of the combination thereot
1s from about 10 nM to about 100 uM, from about 100 nM
to about 10 uM, or about 1 uM.

[0028] In some embodiments, the present disclosure is
directed to a method of preventing or treating a neurode-
generative condition comprising inducing autophagy by
administering an eflective amount of the composition. In
some embodiments, the present disclosure 1s directed to a
method of attenuating pressure-induced retinal injury, the
method comprising administering an eflective amount of the
composition.

[0029] In some embodiments, the neurodegenerative con-
dition 1s selected from glaucoma, age-related macular
degeneration, retinal vascular occlusion, diabetic retinopa-
thy, Alzheimer’s disease and traumatic brain 1injury. In some
embodiments, the neurodegenerative condition 1s glaucoma.
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[0030] In some embodiments, administering an eflective
amount of the composition comprises administering the
composition by intravitreal injection. In some embodiments,
administering an eflective amount of the composition com-
prises administering the composition by intracameral 1njec-
tion.

EXAMPLES

L]

[0031] Example 1. Effects of ent-AlloP on pressure-me-
diated retinal degeneration 1 an ex vivo model—Retinas
incubated at 10 mmHg (FIG. 1D) exhibited normal appear-

ance but those at 75 mmHg showed axonal swelling 1n the
nerve fiber layer (NFL) (FIG. 1E); this damage 1s attenuated

by 1 uM AlloP (FIG. 1F). Surprisingly, it was also found that
1 uM ent-AlloP substantially inhibited axonal swelling (FIG.

1G). To determine whether the neuroprotective eflects of

AlloP and ent-AlloP involve GABA | receptors, 1 uM picro-
toxin, a GABA , receptor antagonist, was administered.
Picrotoxin overcame the neuroprotective eflect of AlloP
under hyperbaric conditions (FIG. 1H). However, picrotoxin
did not alter the effects of ent-AlloP (FIG. 11), indicating that
the mechanism underlying i1ts neuroprotection 1s distinct
from GABA , receptor activation Table 1 (see also Table 2).

Effects of AlloP and ent-AlloP on the NFLT, NDS,

TABLE 1
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and density of damaged cells in the GCL..

NFLT vs. RT (%) Damaged
[p value vs. 75 NDS cells in
Condition mmHg] p] GCL [p]
10 mmHg 1.5 + 0.7 0.2 = 0.4 1.9 + 1.8
75 mmHg 11.4 = 1.9 0.9 = 0.3 8.8 + 2.2
[—] [—] [—]

75 mmHg + 1.5 £ 0.6 0.2 = 0.4 2.0+ 1.7
1 uM AlloP [*p < 0.05] [p > 0.05] [*p < 0.05]
75 mmHg + 1.6 = 0.6 0.2 = 0.4 1.9 + 1.2
1 uM ent-AlloP [*p < 0.05] [p > 0.05] [*p < 0.05]
75 mmHg + 4.0 = 2.6 3.1 £ 0.8 23.9 £ 6.6
1 uM AlloP + [*p < 0.05] [*p < 0.05] [*p < 0.05]
1 uM Picro
75 mmHg + 1 uM 1.5 + 0.6 0.3 =0.5 2.1 x1.1
ent-AlloP + [*p < 0.05] [p > 0.05] [*p < 0.05]
1 uM Picro
75 mmHg + 1 uM 11.6 = 0.8 1.4 = 0.5 17.1 = 6.0
ent-AlloP + [p > 0.05] [*p < 0.05] [p > 0.03]
10 mM 3-MA
[0032] Data are mean+SD. NFLT vs. retinal thickness

(RT) (%) refers to the NFLT percentage of total RT. The
density of damaged cells in the GCL was counted per 250
um of retina. P values in each parameter were calculated by
Dunnett’s test.

TABLE 2

Morphological changes of retinas after pressure-loading and neurosteroids treatment.

75 mmHg + 75 mmHg+ 7>mmHg+ 1M 75 mmHg +
75 mmHg + 1 uM 1 uM AlloP + ent-AlloP + 1 uM ent-
10 mmHg 75 mmHg 1 pM AlloP  ent-AlloP 1 pM Picrotoxin 1 uM Picrotoxin  AlloP + 3-MA
NEFLT

1 2.2 12.3 1.0 2.3 2.3 2.0 12.3

2 2.4 11.7 2.0 1.9 5.9 1.9 11.
3 0.6 13.1 0.9 1.0 1.2 1.8 11.0
4 0.5 9.3 2.0 1.5 3.4 2.5 11.2

5 1.3 12.2 1.3 1.8 5.1 0.8 11
6 1.8 13.4 0.9 0.7 1.9 0.7 10.5
7 1.5 8.1 2.2 1.9 8.9 1.5 11.9
8 2 12.9 2.3 2.5 5.3 1.7 12.9
9 0.8 10.0 0.8 1.0 2.1 1.0 11.3
Average 1.5 11.4 1.5 1.6 4.0 1.5 11.6
SD 0.7 1.9 0.6 0.6 2.6 0.6 0.8

Dunnett’s test VS <0.05% <0.05% <0.05% <0.05% >0.05
NDS

1 0 1 1 0 4 0 1

2 1 1 0 1 3 0 2

3 0 0 0 0 2 0 ]

4 0 0 1 4 1

5 0 0 0 4 0 1

6 1 1 0 0 3 1 2

7 0 0 1 0 3 0 2

8 0 1 0 0 2 1 1

9 0 1 0 0 3 0 2
Average 0.2 0.8 0.2 0.2 3.1 0.3 1.4
SD 0.4 0.4 0.4 0.4 0.8 0.5 0.5

Dunnett’s test VS >0.05 >0.05 <0.05% >0.05 <0.05%
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TABLE 2-continued

Morphological changes of retinas atter pressure-loading and neurosteroids treatment.

Feb. &, 2024

75 mmHg+ 7/5mmHg+ 7>mmHg+ 1M 75 mmHg +
75 mmHg + 1 uM 1 uM AlloP + ent-AlloP + 1 uM ent-
10 mmHg 75 mmHg 1 uM AlloP  ent-AlloP 1 uM Picrotoxin 1 pM Picrotoxin  AlloP + 3-MA
Damaged cell
1 0 17 2 1 21 1 25
2 4 21 4 1 14 3 14
3 0 15 3 4 30 2 14
4 2 10 0 2 21 1 12
5 3 25 0 1 34 1 13
6 2 15 1 3 21 2 13
7 1 15 5 1 25 2 23
8 5 23 2 3 31 4 13
9 0 12 1 1 18 3 27
Average 1.9 17.0 2.0 1.9 23.9 2.1 17.1
SD 1.8 5.0 1.7 1.2 6.6 1.1 6.0
Dunnett’s test VS <0.05% <0.05% <0.05% <0.05% >0.05
[0033] Example 2. ent-AlloP preserves neuronal nuclear number of TUNEL-positive cells at 75 mmHg. The graph in

antigen under high pressure—In whole mounted retinas,
RGC damage induced by pressure elevation was visualized
as a reduction 1n cells positive for NeulN. FIG. 1] illustrates
examples of confocal images ol NeulN-labeled RGCs that

FIG. 1S discloses the number of apoptotic cells 1n the retina

in each condition (Table 4).

TABLE 4

were obtained from a control eye incubated at 10 mm!

g,

Pressure elevation (75 mm!

Hg) reducec

positive for NeuN (.

' the number of cells

H1G. 1K), The con:

'ocal images in FIG.

TUNEL Staining (FIG. 18)

1L and FIG. 1M 1.

Tects of

lustrate the neuroprotective e:

AlloP (1 uM) and ent-AlloP (1 uM) on RGC survival in
hyperbaric conditions, respectively. The preservation of
RGC by ent-AlloP 1s as eflicient as AlloP. The graph in FIG.

1IN discloses the number of NeuN positive RGCs 1n the
retina i each condition (Table 3).

75 mmHg + 75 mmHg +
10 mmHg 75 mmHg AlloP ent-AlloP
1 3 62 0 1
2 3 60 0 0
3 0 57 0 0
4 6 26 2 2
5 2 49 7 10
Average 2.8 50.8 1.8 2.6
SD 2.2 14.7 3.0 4.2
Dunnett VS <0.05% <0.05%
Tukey VS <0.05% <0.05%
Vs >0.05
[0035] Example 4. Autophagy vacuoles induced by high

pressure and effects of neurosteroids—Because AlloP acti-
vates autophagy in primary astrocyte cultures, the activation
of autophagy induced by AlloP and ent-AlloP was examined.
Electron microscopy revealed that retinas incubated at 10
mmHg remained mtact (FI1G. 2A), while substantial swelling

ol axons was observed after exposure to high pressure (75
mmHg; FIG. 2B). Similar to AlloP (FIG. 2C), ent-AlloP

(FIG. 2D) protected RGC axons from high pressure. Retinas
were then examined for the presence of autophagosomes
(APs) and degenerative autophagic vacuoles (DAVs). These

TABLE 3
RGC Survival (FIG.1N)
75 mmHg + 75 mmHg +
10 mmHg 75 mmHg AlloP ent-AlloP
1 2500 480 2240 2280
2 2060 840 1860 2000
3 1980 460 2260 1840
4 2180 540 1840 1860
5 2160 480 2220 2120
Average 2176 560.0 2084.0 2020.0
SD 198.2 1594 214.2 184.4
Dunnett VS <().05% <0.05%
Tukey VS <0.05% <0.05%
VS >0.05
[0034] Example 3. ent-AlloP prevents pressure-induced

apoptosis—At 10 mmHg, a few TUNEL-positive cells are
observed 1n the ganglion cell layer (GCL) and outer nuclear
layer (ONL) (FIG. 10). Exposure to elevated pressure (75
mmHg) induced apoptosis that was apparent 1n the GCL and
the inner nuclear layer (INL) (FIG. 1P). The number of
TUNEL-positive cells was reduced by AlloP (FIG. 1Q).
Similar protection was observed with ent-AlloP (FIG. 1R).
TUNEL staining with 1 uM AlloP (FIG. 1Q) or 1 uM
ent-AlloP (FIG. 1R) showed significant decrease in the

structures are present even at control pressure (10 mm.

g;

FIG. 2E-G). Elevated pressure significantly increased num-
bers of APs and other autophagy components in the NFL
(FIG. 2H-J). The increase in APs was robustly altered by
AlloP, without effect on DAVs (FIG. 2K, 2L). Interestingly,
the high pressure-mediated increase in APs was significantly
decreased by ent-AlloP, while DAVs 1n the NFL were
significantly increased (FI1G. 2M). A quantitative assessment
of APs and DAV induced by pressure elevation and admin-
istration of AlloP or ent-AlloP 1s summarized in FIG. 2N and
FIG. 20, respectively (Table 5, 6).
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TABLE 5

Autophagosomes (AP)25 um?2 in the NFL (FIG. 2N)

10 mmHg 75 mmHg AlloP ent-AlloP
1 0 0 1 0
2 0 0 2 0
3 1 0 2 0
4 0 1 0 1
5 0 0 2 0
6 0 0 0 0
7 0 0 2 0
8 0 0 2 0
9 0 0 3 0
10 0 0 2 0
Total 1 1 16 1
Average 0.1 0.1 1.6 0.1
SD 0.3 0.4 0.9 0.4
Dunnett VS p > 0.05 <0.05* >0.05
VS p > 0.05 <0.05% >0.05
Tukey VS <0.05% >0.05
VS <0.05%
TABLE 6
Degenerative autophagic vacuoles (DAV)/
25 um?2 in the NFL (FIG. 20)
10 mmHg 75 mmHg AlloP ent-AlloP
1 0 0 3 3
2 0 0 1 1
3 0 0 0 4
4 0 1 1 1
5 1 0 0 1
6 1 0 0 2
7 0 1 1 2
8 0 0 1 2
9 0 0 0 2
10 0 2 1 4
Total 2 4 8 22
Average 0.2 0.4 0.8 2.2
SD 0.4 0.4 1.2 1.4
Dunnett VS >0.05 >0.05 <0.05%
VS >0.05 >0.05 <0.05%
Tukey VS >0.05 <0.05%
VS <0.05%

[0036] Example 5. Autophagy markers and eflects of
ent-AlloP on autophagy tflow—Microtubule-associated pro-
tein-1 light chain 3 (LC3) 1s a core contributor to autophagy
(FIG. 1A), playing a crucial role in elongation of phago-
phore membranes and serving as a marker of autophagy.
LC3 antibodies displayed double bands (LLC3-I and LC3-1I)
at approximately 14-16 kDa. Quantitative Western blot
analysis demonstrated that administration of both neuros-
teroids significantly increased LC3-11 expression compared

to drug-free pressure elevation (FIG. 2P and FIG. 2Q), Table
7). Because both LC3-1 and LC3-II were increased by both
neurosteroids, 1t was necessary to examine another
autophagy marker to assess changes in autophagic flow. P62
1s a protein that 1s icorporated into completed autophago-
somes and accumulates when autophagy 1s 1mpaired.
Although Western blot analysis demonstrated that AlloP
altered expression of p62 compared to controls incubated at

75 mmHg, ent-AlloP more eflectively depressed p62 com-
pared to AlloP (FIG. 2R, 28, Table 8).
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TABLE 7
LC3-II expression (FIG.20))

Control OHT AlloP ent-AlloP

1 1.00 1.50 4.31 6.14

2 1.00 2.03 3.47 5.17

3 1.00 1.23 3.34 4.48

4 1.00 2.15 3.34 5.22

Average 1.00 1.73 3.62 5.25

SD 0.02 0.45 0.49 0.70
Dunnett VS >0.05 <0.05% <0.05%
Tukey VS >0.05 <0.05% <0.05%
VS <0.05% <0.05%

VS <0.05%

TABLE 8
p62 expression (FIG.2S)
10 mmHg 75 mmHg AlloP ent-AlloP

1 1.00 3.30 1.96 0.92

2 1.00 3.16 2.18 0.40

3 1.00 4.89 2.05 1.00

4 1.00 2.08 0.84 0.28

5 1.00 3.12 2.81 1.08
Average 1.00 3.31 1.97 0.74
SD 0.02 1.18 0.64 0.38
Dunnett VS <0.05%* >0.05 >0.05
Tukey VS <0.05°% >0.05 >0.05
VS <0.05% <0.05%
VS <0.05%

[0037] Example 6. 3-MA blocks autophagy and inhibits

the neuroprotective eflects of ent-AlloP—To determine
whether autophagy plays a key role in retinal protection by
ent-AlloP  3-methyladenine (3-MA), an inhibitor of
autophagic flux, was examined. At 10 mM, 3-MA, did not
alter neuroprotection by AlloP (FIG. 3A), but dampened the
cllects of ent-AlloP at 75 mmHg (FIG. 3B). It was also
found that 3-MA alone was neurodegenerative at both 75
mmHg (FIG. 3C) and 10 mmHg (FIG. 3D), indicating that
autophagy 1s important for maintaining retinal integrity even
under control conditions. A combination of ent-AlloP and
3-MA significantly increased the density of damaged cells 1n
the GCL compared to controls incubated at 75 mmHg
(p<0.03) and overcame the protective eflects of ent-AlloP at
high pressure (Table 1, Table 2). It was also examined
whether 3-MA altered the effects of ent-AlloP on autophagic
markers, and 1t was found that upregulation of LC3-II levels
induced by ent-AlloP was dampened by 3-MA (FIG. 3E, 3F,
Table 9). Also, the decrease of p62 levels induced by
ent-AlloP at 75 mmHg was reversed by 3-MA (FIG. 3G, 3H,
Table 10). Administration of 10 mM 3-MA significantly
increased LC3-II expression in the retina incubated with
ent-AlloP at 75 mmHg (Wilcoxon Rank-Sum Test, *p<0.
05), as shown 1n FIG. 3(A-H). These findings indicate that
ent-AlloP likely acts by enhancing autophagic tlow.

TABLE 9

[.C3 expression after 3-MA treatment (FIG. 3F)

ent-AlloP ent-AlloP + 3-MA
1 11.20 1.00
2 8.89 1.00



US 2024/0041898 A9 Feb. 8, 2024

TABLE 9-continued TABLE 11A-continued
LC3 expression after 3-MA treatment (FIG. 3F) IOP profile, AlloP (FIG. 4D)
AlloP
ent-AlloP ent-AlloP + 3-MA
Pre-ope 3 days 7 days 14 days 21 days
3 7.7%8 1.00
4 8.11 1.00 12 10 22 25 25 30
Average 9.00 1.00 13 9 33 23 20 28
SD 1.54 0.00 14 9 30 20 36 25
Wicoxon Vs p = 0.0139 Average 10.1 26.9 2.7 2%.1 27.7
SD 0.9 3.6 0.4 5.6 3.7
Dunnett VS p < 0.05% p<0.05*% p<0.05%  p<0.05%
TABLE 10
p62 expression after 3-MA treatment (FI(G. 3H) TARLE 11B
ent-AlloP ent-AlloP + 3-MA IOP profile, ent-AlloP (FIG. 4D)
‘ ent-AlloP
1 1.00 3.21
g 88 f;é Pre-ope 3 days 7 days 14 days 21 days
4 1.00 1.66 1 9 22 25 31 22
AVﬂl‘ﬂgB 1.00 2.19 g Q 32 71 20 27
SD 0.00 0.71 3 10 27 38 35 36
Wicoxon MW Vs p =0.0139 4 12 0 39 41 34
5 13 32 27 23 30
6 10 23 21 22 21
[0038] Example 7. Rat in vivo OHT model induced by ; § gz ;g ;(1] gg
intracameral injection of microbeads—For induction of ocu- o 10 58 1 15 11
lar hypertension (OHT) 1n vivo, sterile 6 um polystyrene 10 10 20 31 29 20
microbeads were injected into the anterior chamber of the 11 10 25 34 20 33
left eye of each animal using a single-step, sclero-corneal g .? ;g g g; gg
tunnel approach with a 35G na{lo.neeflle (F1G. 4A). At 3 14 . 5 17 19 29
weeks after intracameral bead injection, the beads were Average  10.1 26.3 29.8 28.2 28.9
localized 1n the iridocorneal angle, especially 1n the inferior SD 1.5 6.0 7.3 6.9 5.3
- ‘g . R b 3 b3
area (FIG. 4B and 4C). After stabilization of elevated 10OP, Dunnett v p =007 p =00 p=<007 p=<005
amimals were randomly divided into 3 groups (non-treated
OHT, AlloP mjection, and ent-AlloP injection). AlloP and |
ent-AlloP were administered as a one-time mtravitreal 1njec- TABLE 11C
tion one week following bead injection. Non-treated OHT
] ved 1 2 hicl J . 1 furth IOP profile, OHT (FIG. 4D)
animals recerve sterl e vehicle 111tra'V1.trea y. As a further OHT (vehicle control)
control, vehicle was intravitreally injected 7 days after
intracameral administration of 10 ul of PBS. Three weeks Pre-ope 3 days 7 days 14 days 21 days
alter bead inmjections, IOP was 26.7+3.7 mmHg 1n non- { 10 ” 11 - ”g
treated OHT eyes compared to 9.9£0.9 mmHg 1n control 3 2 26 30 30 20
eyes. At each measurement time point (days 3, 7, 14, and 3 10 29 29 30 31
21), IOP in the three bead-injected groups (non-treated OHT, 4 11 30 2l 2l 23
AlloP injection, and ent-AlloP 1njection) was significantl ° 1 - v P =8
: J : J 1S 515 Y 6 10 21 30 30 30
higher compared to control eyes (p<0.05, Wilcoxon Mann- 7 10 14 29 78 75
Whitney test) (FIG. 4D, Tables 11 A-D). The neurosteroids 8 9 30 25 20 35
did not alter TOP at any measurement point. 7 7 21 21 27 28
10 10 25 34 21 20
_ 11 10 23 31 20 33
TABLE 11A 12 10 38 30 31 30
13 11 30 32 33 33
IOP profile, AlloP (FIG. 4D) 14 10 21 29 32 29
AlloP Average 9.9 23.3 27.0 26.4 26.7
SD 0.9 5.5 4.9 5.2 3.7
Pre-ope 3 days 7 days 14 days 21 days Dunnett VS p <0.05*  p<0.05*% p<0.05% p<0.05%
1 10 25 29 33 30
2 11 31 33 36 25
3 10 07 41 31 4 TARIE 11D
4 11 25 36 31 33
5 12 31 335 32 31 IOP profile, intact control (FIG. 4D)
6 9 25 30 23 24
7 10 07 05 01 26 Tntact Pre.
8 10 28 21 19 27 control ope 3 days 7 days 14 days 21 days
9 11 20 32 30 21 e
10 10 25 21 27 33 1 9 10 11 9 8
11 10 2% 31 28 31 2 8 10 10 10 10
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TABLE 11D-continued

IOP profile, intact control (FIG. 4D)

Intact Pre-
control ope 3 days 7 days 14 days 21 days
3 10 12 9 10 11
4 11 11 11 10 10
5 10 10 9 10 10
6 10 9 10 11 10
7 10 11 9 8 10
8 9 10 10 11 12
9 10 9 13 11 10
10 10 9 10 9 10
11 10 10 9 9 10
12 9 12 11 12 13
13 11 11 10 10 11
14 12 13 9 8 8
Average 9.7 10.4 9.9 9.9 9.9
SD 1.0 1.0 0.9 1.2 0.9
Dunnett VS p < 0.05% p < 0.05% p < 0.05* p <0.05%
[0039] Example 8. Pressure-induced apoptosis and neuro-

protection with AlloP and ent-AlloP in vivo—Three weeks
after intracameral administration of PBS, a few TUNEL-
positive cells are observed in the INL and ONL in control
eyes (FIG. 4EF). In contrast, apoptosis was markedly
increased 1n the GCL, INL, and ONL 1n non-treated OHT
eyes (FIG. 4F). The number of TUNEL-positive cells was
reduced to control levels when 1 uM AlloP (FIG. 4G) or 1
uM ent-AlloP (FIG. 4H) was administered intravitreally 1n
the OHT eyes. The graph 1n FIG. 41 discloses the number of

apoptotic cells in the retina 1n each condition (Table 12).

TABL.

12

(Ll

TUNEL staining (FIG. 41)

Control OHT AlloP ent-AlloP
1 1 30 1 1
2 1 30 0 0
3 0 32 1 0
4 2 21 0 0
5 10 16 0 1
Average 2.8 25.8 0.4 0.4
SD 4.1 6.9 0.5 0.5
Dunnett VS p < 0.05% p <0.05%
Tukey VS p < 0.05% p < 0.05%
VS p < 0.05%
[0040] Example 9. RGC survival by neurosteroids during

IOP elevation—In whole mounted retinas, glaucomatous
damage was visible as reduced numbers of cells that were
positive for NeuN three weeks after microbead injection in
non-treated OH'T eyes compared with control eyes (FIG. 41,

4K). Administration of AlloP (FIG. 4L) or ent-AlloP (FIG.
4M) prevented the loss of NeuN-positive RGCs 1n OHT
eyes. RGC density at each pressure 1s summarized in FIG.
4N (Table 13). In sections of optic nerves stained with 2%
toluidine blue, axonal loss was detected 3 weeks after
microbead injection 1n non-treated OHT eyes compared with
control eyes (FIG. 40, 4p). However, administration of
AlloP (FI1G. 4Q)) or ent-AlloP (FIG. 4R) induced significant
protective effects in OHT eyves. The density of axons in each
experiment 1s summarized i FIG. 45 (Table 14).
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TABLE 13

RGC Survival (FIG.4AN)

Control OHT AlloP ent-AlloP
1 2420 1020 2200 2060
2 2840 1240 2240 2260
3 1920 780 1940 2500
4 2060 840 1860 2200
5 2020 900 1800 2460
Average 2252.0 956.0 2008.0 2296.0
SD 379.1 181.9 200.3 183.5
Dunnett VS p < 0.05% p < 0.05%
Tukey VS p < 0.05% p < 0.05%
VS p < 0.05%
TABLE 14
Density of axons in ONs (Axons x 10000/
square mm) (FIG. 485)
Control OHT AlloP ent-AlloP
1 29 16 27 33
2 33 18 32 32
3 32 15 29 29
4 335 21 33 27
5 28 19 33 31
Average 31.4 17.8 30.%8 30.4
SD 2.9 2.4 2.7 2.4
Dunnett VS p < 0.05% p < 0.05%
Tukey VS p < 0.05% p < 0.05%
VS p < 0.05%
[0041] Example 10. Autophagy vacuoles by I0P elevation

and eflects of neurosteroids—Electron microscopy revealed
the presence of APs and DAVs in the NFL of control eyes
(F1IG. SA, 3B, 5C) and OHT eyves (FIG. 5D, SE, 5F). AlloP
significantly increased the number of APs in the NFL 1n
OHT eyes (FIG. 5G, SH, 51), while ent-AlloP significantly
decreased the number of APs compared to AlloP-treated
OHT eyes (FIG. 3], 5K, 5L). DAVs 1n the NFL were
significantly increased by 1 uM ent-AlloP compared to
non-treated OHT eyes. A quantitative assessment of APs and
DAVs induced by OHT and administration of AlloP or
ent-AlloP 1s summarized 1in FIG. SM and FIG. 5N, respec-
tively (Table 15, 16).

TABL

L1

15

Autophagosomes (AP)/25 um?2 in the NFL. (FI(G. 5M)

Control OHT AlloP ent-AlloP
1 0 1 0
2 0 0 0
3 0 0 0
4 0 0 0
5 0 0 2 1
6 0 1 2 0
7 0 0 0
8 0 0 0
9 0 0 0
10 0 1 0
Total 0 3 12 1
Average 0.0 0.3 1.2 0.1
SD 0.0 0.4 0.4 0.4
Dunnett VS p > 0.05 *p < 0.05 p > 0.05
Tukey VS p > 0.05 *p < 0.05 p > 0.05
Vs p < 0.05 p > 0.05
VS *p < 0.05
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TABL.

L1l

16

Degenerative autophagic vacuoles (DAV)/
25 um2 in the NFL (FIG. 3N)
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TABLE 18-continued

Degenerative autophagic vacuoles (DAV)/
100 um?2 in the ON (FIG. 57)

Control OHT AlloP ent-AlloP
1 0 1 1 4
2 0 2 0 4
3 0 0 0 3
4 0 0 0 0
5 1 0 0 1
6 0 1 2 2
7 0 0 0 2
8 0 1 2 2
9 0 1 0 2
10 0 0 0 2
Total 1 6 5 22
Average 0.1 0.6 0.5 2.2
SD 0.3 0.9 0.4 1.8
Dunnett VS p > 0.05 p > 0.05 *p < 0.05
Tukey VS p > 0.05 p > 0.05 *p < 0.05
VS p > 0.05 *p < 0.05
VS *p < 0.05

[0042] APs and DAVs were also observed in the optic
nerves (ON) of control eyes (FIG. 50). Compared to non-

treated OHT eyes (FIG. 5P, 5Q, SR), the number of APs
significantly increased 1n the ON of OHT eyes (FIG. 58S, 57T,
5U), while ent-AlloP significantly decreased APs (FIG. 5V,
5W, 5X). DAVs 1n the ON were significantly increased by
administration of 1 uM ent-AlloP compared to non-treated

OHT eyes. A quantitative assessment of Aps and DAVs 1n
the ON 1nduced by OHT and admimstration of AlloP or

ent-AlloP 1s summarized 1n FIG. 5Y and FIG. 57, respec-
tively (Table 17, 18).

TABLE 17

Autophagosomes (AP)/100 um?2 in the ON (FIG. 5Y)

Control OHT AlloP ent-AlloP
1 0 0 1 0
2 0 1 1 1
3 0 0 1 0
4 0 0 1 0
5 0 0 2 0
6 0 1 1 0
7 0 0 1 0
8 0 0 1 0
9 0 0 1 0
10 0 1 ] 0
Average 0.0 0.3 1.1 0.1
SD 0.0 0.4 0.4 0.4
Dunnett VS p > 0.05 *p < 0.05 p > 0.05
Tukey VS p > 0.05 *p < 0.05 p > 0.05
VS *p < 0.05 p > 0.05
VS *p < 0.05
TABLE 18
Degenerative autophagic vacuoles (DAV)/
100 pm?2 in the ON (FIG. 57)
Control OHT AlloP ent-AlloP
1 0 0 0 1
2 0 0 0 1
3 0 1 0 1
4 0 0 0 2

Control OHT AlloP ent-AlloP
5 1 0 0 0
6 0 0 0 1
7 0 0 0 1
8 0 0 0 1
9 0 0 0 ]
10 0 0 0 1
Average 0.1 0.1 0.0 1.0
SD 0.3 0.4 0.0 0.7
Dunnett VS p > 0.05 p > 0.05 *p < 0.05
Tukey VS p > 0.05 p > 0.05 *p < 0.05
VS p > 0.05 *p < 0.05
VS *p < 0.05

[0043] Example 11. Autophagy markers after IOP eleva-
tion and eflects of neurosteroids—Quantitative Western blot
analysis demonstrated that the level of LC3-1II significantly
increased in OHT eyes compared to control eyes three weeks
after microbead injection (FIG. 6A, 6B, Table 19). In
addition, 1 uM ent-AlloP significantly increased the level of
LC3-1I compared to OHT eyes treated with AlloP or OHT
without neurosteroid administration 3 weeks after micro-
bead injection (FIG. 6A, FIG. 6B, Table 19). Western
blotting also demonstrated that p62 was sigmficantly

increased 1n eyes with OHT compared with control eyes 3

weeks after microbead injection (FIG. 6C, 6D, Table 20).
Admuinistration of 1 uM AlloP or 1 ent-AlloP significantly
depressed the level of p62 compared to OHT eyes without
neurosteroid administration (FIG. 6D, Table 20).

TABLE 19

LC3-II expression (FIG. 6B)

10 mmHg 75 mmHg AlloP ent-AlloP
1 1.00 1.36 2.73 4.96
2 1.00 2.00 3.32 4.97
3 1.00 1.53 2.82 4.27
4 1.00 1.77 3.11 5.04
Average 1.00 1.67 3.00 4.81
SD 0.02 0.30 0.29 0.38
Dunnett VS <0.05°% <0.05% <0.05%
Tukey VS <0.05% <0.05% <0.05%
VS <0.05% <0.05%
VS <0.05%
TABLE 20
p62 expression (FIG. 6D)
Control OHT AlloP ent-AlloP
1 1.00 2.86 1.73 0.92
2 1.00 2.40 1.82 0.91
3 1.00 4.07 2.90 1.00
4 1.00 2.96 2.53 1.61
Average  1.00 3.07 2.25 1.11
SD 0.02 0.73 0.58 0.35
Dunnett VS <0.05* <0.05% p > 0.05
Tukey VS <0.05% <0.05% p > 0.05
VS >0.03 <0.05%
VS <0.05%
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Discussion

[0044] These results demonstrate the therapeutic effect of
AlloP enantiomers and the imnvolvement of autophagy as a
protective mechanism 1n glaucoma. Although apoptosis 1s
believed to be a mechanism that kills RCGs 1n glaucoma,
autophagy may serve either a neurotoxic or neuroprotective
role. Indeed, autophagy often coexists with apoptosis in
glaucoma models. Fight weeks after IOP elevation, an
increase 1n LC3-II/1 ratio was noted 1n rat RGCs. Because
LC3-II 1s associated with autophagosome formation, the
increased ratio indicates induction of autophagy. Autophagic
vacuoles were also detected 1n axons of rat optic nerves 3
weeks after IOP elevation.

[0045] Similarly, autophagy in RGCs has been observed in
a rhesus monkey OHT glaucoma model. In an ex vivo
glaucoma model, apoptotic RGCs were observed along with
modest 1ncreases 1n DAVs and an increase i LC3-II con-
sistent with autophagy induction. (FIG. SM-N and FIG. 6B).
These changes were manifest by 24 hours after pressure
clevation, consistent with findings that autophagy induction
in RGCs occurs soon after acute axonal ijury. It remains
uncertain whether autophagy in RGCs 1s neuroprotective or
neurodegenerative. While apoptosis 1s described as type 1
programed cell death (PCD), autophagy 1s considered to be
a type II PCD, possibly contributing to RGC death.
Autophagy activation 1n RGCs results 1n apoptosis, suggest-
ing that autophagy 1s neurodegenerative. Similarly, 1 a
model of dementia, inhibition of early autophagy with 3-MA
1s neuroprotective, suggesting that autophagy contributes to
neuronal damage. However, the primary role of autophagy 1s
to promote cell survival by recycling cellular debris, result-
ing in neuroprotection, as observed 1 a mouse model of
optic nerve transection.

[0046] Similarly, in a rat chronic hypertensive model,
rapamycin, an activator of autophagy, aids RGC survival.
Rapamycin also protects RGCs from damage induced by
ROS. 3-MA was found to be neurodegenerative even 1n
controls, indicating that inhibiting autophagy can have del-
cterious eflects 1n the retina, and 3-MA induced degenera-

tion of RGC was observed at both high (FIG. 3C) and low
pressure (FI1G. 3D).

[0047] As disclosed herein, the enantiomers of AlloP were
similarly neuroprotective in both ex vivo and i vivo OHT
models. AlloP and ent-AlloP are mirror image molecules
that have markedly different effects on GABA , receptors.
Consistent with this, it was found that picrotoxin, an inhibi-
tor of GABA , receptors, discriminates between the neuro-
protection of these enantiomers. While picrotoxin prevents
the neuroprotective eflects of AlloP at high pressure (FIG.
1H), it did not affect neuroprotection by ent-AlloP (FIG. 11),
indicating that neuroprotection by ent-AlloP 1s distinct from
GABA , receptors. This observation led to consideration of
alternative mechanisms for ent-AlloP.

[0048] In electron microscopic (TEM)-based analyses,
ent-AlloP decreased APs but robustly increased DAVs 1n the
NFL, indicating activation ol autophagy flow. Although
AlloP had partial eflects on the increase in APs, AlloP failed
to increase DAVs. These observations indicate that ent-
AlloP exerts axonal protection via autophagy activation
more eflectively than AlloP, and also indicate that activation
of autophagy by high pressure alone, without AlloP or
ent-AlloP, 1s 1nsuflicient to protect RGCs from high pres-
sure-driven damage.
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[0049] These observations were confirmed with LC3 and
p62 analyses. Because cytosolic LC3-1 1s conjugated to
phosphatidyl ethanolamine to form LC3-II, LC3-II can be
increased even 1f autophagy flow 1s not fully activated,
consistent with the increase in LC3-II that was observed
with AlloP. However, the eflects of ent-AlloP are more
prominent than those of AlloP (FIG. 2R-S). To determine the
involvement of autophagy in neuroprotection by ent-AlloP,
the effects of 3-MA on LC3 proteins were examined. 3-MA
blocks autophagy by inhibiting class I1I phosphatidylinositol
3-kinase (PtdIns3K), an enzyme required for the membrane
dynamics 1mvolved in autophagic vesicle traflicking, thus
preventing formation of autophagosomes. It was found that
3-MA attenuated LC3-II upregulation (FI1G. 3D) induced by
ent-AlloP. p62 levels inversely correlate with autophagy
activity, and when autophagy is ihibited p62 accumulates.
Under pathological conditions, there 1s a constitutively high
level of p62, leading to accumulation of damaged mitochon-
dria and subsequent ROS production. Thus, the reduction of
p62 expression by ent-AlloP (FIG. 2R) and the enhancement
by 3-MA (FIG. 3E) indicate again the effective activation of
autophagy flow by ent-AlloP. In the ex vivo glaucoma model
described herein, 1t 1s concluded that autophagy induced by
high pressure alone 1s not suflicient to prevent apoptosis.
However, ent-AlloP successtully promotes autophagy and
prevents apoptosis in high pressure.

[0050] Using a rat in vivo OHT glaucoma model, the
neuroprotective eflects of ent-AlloP via autophagy were
turther demonstrated. As 1n the ex vivo model, promotion of
RGC survival and protection against apoptosis in OHT are
similar between AlloP and ent-AlloP. However, ent-AlloP
decreased AP numbers but robustly increased DAV numbers
in the NFL. and ON, while AlloP increased AP numbers, but
did not alter DAVs. These findings indicate again that
ent-AlloP activates autophagy flow more eflectively than
AlloP, and a significant increase i LC3-II with high pres-

sure 1s shown. Additionally, ent-AlloP increased levels of
LC3-1I and decreased p62 in the OHT retinas.

[0051] From these observations, i1t 1s concluded that
autophagy occurring in OHT 1s neuroprotective rather than
neurodegenerative, but, in the absence of augmentation by
ent-AlloP, pressure-driven autophagy 1s insuilicient to pro-
tect the retina. It 1s also concluded that both AlloP and
ent-AlloP serve as potential therapeutic agents for treatment
of glaucoma but that these enantiomers act by distinct
mechanisms, providing unique advantages to one or the
other enantiomer in different clinical situations. The com-
pounds or neurosteroids of the present disclosure are usetul
for at least inducing autophagy, attenuating pressure-in-
duced retinal 1njury, and other benefits described herein 1n a
subject, e.g., a human subject, and are preferably adminis-
tered in the form of an effective amount of a compound (or
combination of compounds) of the instant disclosure and
optionally or additional components. These results also have
implications for the development of neurosteroids as treat-
ments for other neurodegenerative disorders.

[0052] Materials and Methods—Protocols for animal use
were approved by the Akita University Animal Studies

Commuittee 1n accordance with the guidelines of the Policies
on the Use of Animals and Humans in Neuroscience

Research.

[0053] Rat ex vivo Eyecup Preparation—Rat ex vivo
eyecups were prepared from 28-32 day old male Sprague-
Dawley rats (Charles River Laboratories International Inc.,
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Wilmington, MA). The anterior half of the enucleated eyes
was carefully removed to make eyecup preparations. Eye-
cups were placed at the bottom of a 100 ml glass beaker
filled with aCSF (artificial cerebrospinal fluid) containing (1n
mM): 124 Na(Cl, 5 KCl, 2 MgSQO,, 2 Ca(Cl,, 1.25 NaH,PO,,
22 NaHCQO,, and 10 glucose, and incubated at 30° C. for 24
hours using a closed pressure-loading system (FIG. 1C). pH
was maintained at 7.35 to 7.40. In the closed-pressure
system, a glass beaker with the eyecup was placed at the
bottom of an acrvlic pressure chamber (2,000 ml volume). A
95% 0O,-5% CO, gas mixture was delivered through dis-
posable plastic tubing with an infusion valve and a control
dial on the lid of the pressure chamber and an air filter (Cat
#SLGPO33RS, Merck Millipore, Billerica, MA). The plastic

tubing delivering the gas terminated 1 cm above the bottom

of the beaker.

[0054] Acutely prepared eyecups were incubated 1n
gassed aCSF for at least 1 h at 30° C. before pressure
loading. In some experiments, AlloP (1 uM), ent-AlloP (1
uM), and 3-MA (10 mM) were dissolved 1n aCSF at the time
of experiment and administered by bath perfusion. Eyecup
preparations were treated with these drugs for 1 h at 30° C.
before pressure loading. For pressure loading, the 95%
0,-5% CO, gas mixture was infused until the pressure
reading given by a manometer reached the appropriate level.
The pressure was then locked by adjusting the control dial
of the eflusion valve, and monitored continuously for 24 h
at 30° C. After maintaining the chamber at the set pressure
(10 mmHg and 75 mmHg) for the indicated time, the
pressure inside the chamber was carefully decreased by
opening the eflusion valve.

[0055] Rat m vivo OHT model—8-week old male

Sprague-Dawley rats were deeply anesthetized with an

intraperitoneal injection of a mixture of medetomidine
hydrochloride (Cat #133-17474, CAS. No 86347-15-1,

Wako Pure Chemical Industries Ltd., Osaka, Japan, 0.15
mg/kg), midazolam (Cat #135-13791, CAS. No 58786-99-5,
Wako Pure Chemical Industries Ltd., 2 mg/kg), and butor-
phanol tartrate (Cat #021-19001, CAS. No 86347-15-1,
Wako Pure Chemical Industries Ltd., 2.5 mg/kg), and
intraocular pressure was increased unilaterally to approxi-
mately 35 mmHg, by intracameral injection of polystyrene
microbeads using a single-step, sclero-corneal tunnel
approach with a 35G-gauge nanoneedle (#FLINAN-35051LM,
Saito Medical Instruments Inc., Tokyo, Japan) connected to
100 ul WPI Nanofil 100 microsyringe (World Precision
Instruments, Inc., Sarasota, FL). Sterile 6 um polystyrene
microbeads in a 1x10° microbeads/ml solution (Molecular
Probes, Eugene, OR, USA) were concentrated to obtain a
1x10” microbeads/ml solution. This solution was suspended
in PBS. The microbeads suspended 1n PBS were aspirated
into a 100 ul Hamilton microsyringe and injected to the
anterior chamber of right eye of each anmimal. 10 ul of the
microbead suspension were 1njected without contacting the
cornea or iris with the needle. After stabilization of the
clevated 1OP, animals were randomly divided 1nto 3 groups
(non-treated OHT, AlloP injection, and ent-AlloP 1njection).
AlloP and ent-AlloP were dissolved i 20% w/v (2-Hy-
droxypropyl)-p-cyclodextrin (2HBCD) in saline solution at
concentration of 0.05% (w/v) solution, and 1njected 1nto the
vitreous chamber 1n a total volume of 1 ul using a Hamilton
syringe adapted with a 35 G-gauge nanoneedle 1 week after
the beads were 1njected under halothane inhalation anesthe-
s1a. OHT animals (vehicle control) recerved sterile 1 ul 20%
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(w/v) 2HBCD with PBS. As a further control, 1 ul 20%
(w/v) 2ZHBCD was itravitreally injected 7 days after intra-
cameral injection with 10 ul of PBS. The number of animals
used 1 each experiment 1s indicated in the corresponding
method. The tip of the needle was 1nserted into the superior
hemisphere of the eye at a 45° angle through the sclera mto
the vitreous body to avoid retinal detachment or injury to eye
structures. Ocular hypertension was monitored preopera-
tively, and at 3 days, 1 week, 2 weeks or 3 weeks after the
beads were mnjected. IOP was measured using a laboratory
tonometer (TonoLab, Icare, Finland).

[0056] Flectron Microscopy—Retinal specimens were
trimmed to a smaller size, and ultrathin sections (75 nm)
were cut with a diamond knife and suspended over formvar-
coated slot grids (1x2 mm opening). The sections were
stained with uranyl acetate and lead citrate and viewed 1n a
transmission electron microscope (H-7650, Hitachi High-
Technologies Corp., Tokyo, Japan). Numbers of AP and
DAYV 1nside NFLs and axons were determined as the sum 1n
10 different areas of 25 um” each from each sample. The
analysis was performed in three eyes per experimental
condition.

[0057] Data analysis of morphometry—The middle por-
tion of the retina was examined, greater than 1,200 um away
from the center of the optic disc along the inner limiting
membrane (ILM). The nerve fiber layer thickness (NFLT)
was measured by light microscopy along 5 lines perpen-
dicular to the pigment epithelium at a distance of 15 um
from each other around 1,200 um away from the center of
the optic disc. The average NFLT was determined in 9
different light micrographs taken from 5 eyecup samples 1n
cach condition, divided by total retinal thickness, and
meanzstandard deviation (%) was analyzed and compared
with control.

[0058] The density of degenerated cells characterized by
nuclear chromatin clumping or necrosis in the GCL was
determined by counting 9 fields of 500 um length m light
micrographs taken from the block of the middle retinal part
950 to 1450 um away from the center of the optic disc.

[0059] The severity of neuronal damage was assessed by
light microscopy using a neuronal damage score (NDS). The
NDS was determined 1n 9 different light micrographs taken
from 5 eyecup samples in each condition. The NDS rates
neuronal damage in the mmner nuclear layer (INL) and the
inner plexiform layer (IPL) on a 0-4 scale with 0 signifying
no neuronal damage and 4 indicating very severe damage.
Criteria used 1n establishing the degree of neuronal damage
included the extent of cytoplasmic swelling in the IPL and
the number of neurons in the INL showing signs of severe
cytoplasmic swelling and coarse clumping of nuclear chro-
matin. The highest NDS rating (4) 1s given when the IPL
discloses apparent spongiform appearance due to dendritic
swelling and when most cell bodies 1n the INL show severe
cytoplasmic swelling and coarse clumping of nuclear chro-
matin. If the damage 1s of a lesser degree, a rating of 3 1s
grven. NDS 2 1s assigned when cell bodies 1n the INL are
sporadically swollen. In NDS 1, damage does not fulfill
higher criteria but the retinas difler from controls (NDS 0).

Fine dendritic swelling in a limited area of the IPL without
damage in the INL 1s described by NDS 1.

[0060] NFLT, density of degenerated cells 1n the GCL, and

NDS were determined as the measurement of 10 diflerent
areas Irom three eyes per experimental condition. These
morphometrical parameters were assessed by three raters,
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who remained unaware of the experimental condition. Upon
completion of data assessment, significance of individual
differences among raters was evaluated using five randomly
selected samples in each morphometric parameter by one-
way analysis of variance (one-way ANOVA) followed by a
post-hoc test. There were no significant differences among,
the raters in any of the morphometric measurements. All
data of the NFLT (% vs. retinal thickness), NDS, and the
density of degenerated cells i the GCL are expressed as
mean+SEM, and evaluated by Dunnett’s multiple compari-
son test compared to controls incubated in aCSF at 10
mmbHg or 75 mmHg

[0061] Preparation of whole mounted retinas and 1mmu-
nostaining—The retina was carefully detached from the eye
by making cuts along the ora serrata and optic nerve. Whole
retinas were then flat-mounted, pinned 1n an acrylic plate
with the RGC layer facing upward using stainless steel pins,
and fixed 1n 4% paraformaldehyde-0.1 M phosphate builer
overnight at 4° C. After the samples were fixed, the tissue
was rinsed with PBS three times. To block nonspecific
binding, the tissue was incubated in 2% BSA 1 PBS
containing 0.5% Triton X-100. The whole mounted retinas
were incubated 1n the rabbit anti-NeuN polyclonal antibody
solution (Cat #ab104225, Abcam, Cambridge, MA)) (1:100)
by gently shaking at 4° C., overnight. After rinsing 3 times
using PBS, the retina was incubated i FITC-conjugated
secondary antibody (goat anti-rabbit IgGG (H+L)) (Cat #81-
6111, Zymed Laboratories Inc., San Francisco, CA) (1:300).
The retina tissue was then rinsed 3 times with PBS and
mounted on glass slides using 50% PBS and 50% glycerol.
Retinal flat-mounts were imaged throughout the GCL 1n
cach of the four defined retinal quadrants 4 mm from the
optic nerve head using a confocal microscope. Each quad-
rant was analyzed using a 1 mm” frame, and counted using
Image-Pro Plus software. The density of NeuN positive
RGCs per square millimeter was averaged and compared 1n
experimental retinas treated with 1 uM AlloP or 1 uM
ent-AlloP at 75 mmHg and control retinas incubated with
aCSF at 75 mmHg by Dunnett’s multiple comparison test.
RGC counts were analyzed using Image-Pro Plus software.
NeuN positive RGCs were determined as the measurement
of 5 different areas from three eyes per experimental con-
dition.

[0062] Apoptosis—To visualize apoptotic cells, a Dead-
End™ Colorimetric TUNEL (TdT-mediated dUTP Nick-
End Labeling) System (Promega, Madison, WI) was used
according to the manufacturer’s instructions. The nuclei
were counterstained with DAPI. After the length of each
retinal section was measured (Image-Pro Plus software), the
cells were counted 1 the whole section length and the
number of cells was normalized per 200 um of retinal
section. The number of apoptotic cells was evaluated by
Dunnett’s multiple comparison test to determine changes 1n
the density of apoptotic cells among experimental retinas
treated with 1 uM AlloP or 1 uM ent-AlloP at 75 mmHg and
control retinas incubated with aCSF at 75 mmHg. Apoptotic
cells s were determined as the measurement of 5 different
areas Irom three eyes per experimental condition.

[0063] Western Blot Analysis—At the end of each experi-
ment, the posterior segments of the eye were placed on a flat
cutting surface and immersed in ice-cold aCSF. With a
surgical blade, the retina was carefully and gently detached
from the sclera with a fine forceps. The 1solated retinas were
frozen at —80° C. Retinas were then homogenized 1n lysis
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bufler solution (CellLytic MT; Sigma-Aldrich, Inc.) with
protease mnhibitor cocktail (Sigma-Aldrich, Inc.), prepared
according to the manufacturer’s instructions. The tissue
extracts were ultrasonicated and clarified by centrifugation
at 12,000 g for 20 minutes at 4° C. The protein concentra-
tions 1n supernatants were assayed (Quant-1T assay kait;
Invitrogen Corp., Carlsbad, CA). Twenty micrograms of
retinal extract were subjected to SDS polyacrylamide gel
clectrophoretic analysis. The proteins were then transferred
to a PVDF. Immunoblots by polyclonal rabbit anti-LC3B
antibody (MBL Life Science) or ant1i-SQSTMI/p62 mouse
monoclonal antibody (Abcam) were visualized using West-
ernBreeze Chemiluminescent Immunodetection system (In-
vitrogen) with the exposure time to autoradiograph film
(MXIB Plus; Kodak, Rochester, NY) adjusted to avoid over-
or undersaturation. Precision Plus Protein™ Western Stan-
dards (Bio-Rad, Hercules, CA) followed by Precision Pro-
tein™ strep Tactin-AP conjugate (Bio-Rad) was used for a
molecular marker of LC3. MagicMark™ XP Western Pro-
tein Standard (Invitrogen, Carlsbad, CA) was used for a
molecular marker of p62. Immunoblot data are normalized
to B-actin levels 1n the same sample.

[0064] The density of Western blot bands was quantified
using Image-Pro Plus software. Quantification was adjusted
to protein expression at 10 mmHg after normalization to the
B-actin band at each pressure, and the relative gray-scale
value was calculated by densitometric analysis of the
obtained bands. At least four independent experiments were
performed for each condition, and the results are presented
as relative units numerleally Differences 1n expression lev-
¢ls were evaluated using Wilcoxon Rank-Sum Test, Tukey’s
or Dunnett’s multiple comparison test. Sample numbers
were four to five per each experimental condition.

[0065] Chemicals—AlloP was purchased from Wako Pure
Chemical Industries, Ltd. (Cat #596-30841, CAS. NO 316-
54-1; Osaka, Japan), and ent-AlloP was synthesized by KK
and DFC. 3-MA was purchased from Wako Pure Chemical
Industries, Ltd. (CAS. No 5142-23-4, Cat #518-92041). All
other chemicals were purchased from Sigma-Aldrich Corp.
or Nacalai Tesque (Kyoto, Japan). AlloP and ent-AlloP were
dissolved in dimethyl sulfoxide (DMSQO) as a 10 mM stock
solution.

[0066] Statistics—Data were double-checked and ana-
lyzed using a biomedical statistical computer program
(http://www.gen-info.osaka-u.ac.jp/ MEPHAS/dunnett.
html) on a personal computer. Descriptive statistical results
were presented using the mean values (mean)xstandard
deviation (SD). For comparison with controls that were
incubated 1n drug free aCSF at 10 mmHg, Dunnett’s mul-
tiple comparison test was used, depending on sample num-
bers. For comparison with both the control and other con-
ditions, Tukey’s multiple comparison test was used. For all
analyses, p values were considered statistically significant,
when the values were less than 0.05 (two-tailed).

[0067] Definitions and methods described herein are pro-
vided to better define the present disclosure and to guide
those of ordinary skill 1n the art 1n the practice of the present
disclosure. Unless otherwise noted, terms are to be under-

stood according to conventional usage by those of ordinary
skill 1n the relevant art.

[0068] In some embodiments, numbers expressing quan-
tities of ingredients, properties such as molecular weight,
reaction conditions, and so forth, used to describe and claim
certain embodiments of the present disclosure are to be
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understood as being modified 1n some 1nstances by the term
“about.” In some embodiments, the term “about” 1s used to
indicate that a value includes the standard deviation of the
mean for the device or method being employed to determine
the value. In some embodiments, the numerical parameters
set forth 1n the written description and attached claims are
approximations that vary depending upon the desired prop-
erties sought to be obtained by a particular embodiment. In
some embodiments, the numerical parameters are be con-
strued 1n light of the number of reported significant digits
and by applying ordinary rounding techniques. Notwith-
standing that the numerical ranges and parameters setting
forth the broad scope of some embodiments of the present
disclosure are approximations, the numerical values set forth
in the specific examples are reported as precisely as practi-
cable. The numerical values presented in some embodiments
of the present disclosure may contain certain errors neces-
sarily resulting from the standard deviation found in their
respective testing measurements. The recitation of ranges of
values herein 1s merely mtended to serve as a shorthand
method of referring individually to each separate value
talling within the range. Unless otherwise indicated herein,
cach individual value i1s incorporated into the specification
as 1f 1t were individually recited herein.

[0069] In some embodiments, the terms “a” and “an” and
“the” and similar references used in the context of describ-
ing a particular embodiment (especially 1in the context of
certain of the following claims) are construed to cover both
the singular and the plural, unless specifically noted other-
wise. In some embodiments, the term “or” as used herein,
including the claims, 1s used to mean “and/or” unless
explicitly indicated to refer to alternatives only or to refer to
the alternatives that are mutually exclusive.

[0070] The terms “comprise,” “have” and “include” are
open-ended linking verbs. Any forms or tenses of one or
more of these verbs, such as “comprises,” “comprising,”
“has,” “having,” “includes™ and “including,” are also open-
ended. For example, any method that “comprises,” “has™ or
“includes™ one or more steps 1s not limited to possessing
only those one or more steps and may also cover other
unlisted steps. Similarly, any composition or device that
“comprises,” “has” or “includes” one or more features 1s not
limited to possessing only those one or more features and

may cover other unlisted features.

[0071] All methods described herein are performed 1n any
suitable order unless otherwise indicated herein or otherwise
clearly contradicted by context. The use of any and all
examples, or exemplary language (e.g. “such as”) provided
with respect to certain embodiments herein 1s 1ntended
merely to better 1lluminate the present disclosure and does
not pose a limitation on the scope of the present disclosure
otherwise claimed. No language 1n the specification should
be construed as indicating any non-claimed element essen-
tial to the practice of the present disclosure.

[0072] Groupings of alternative elements or embodiments
of the present disclosure disclosed herein are not to be
construed as limitations. Each group member 1s referred to
and claimed individually or in any combination with other
members of the group or other elements found herein. One
or more members of a group are included 1n, or deleted from,
a group lor reasons ol convenience or patentability. When
any such inclusion or deletion occurs, the specification 1s
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herein deemed to contain the group as modified thus fulfill-
ing the written description of all Markush groups used 1n the
appended claims.

[0073] o facilitate the understanding of the embodiments
described herein, a number of terms are defined below. The
terms defined herein have meanings as commonly under-
stood by a person of ordinary skill 1n the areas relevant to the
present disclosure. Terms such as ““a,” “an,” and *“‘the” are
not intended to refer to only a singular enftity, but rather
include the general class of which a specific example may be
used for illustration. The terminology herein 1s used to
describe specific embodiments of the disclosure, but their
usage does not delimit the disclosure, except as outlined in
the claims.

[0074] All of the compositions and/or methods disclosed
and claimed herein may be made and/or executed without
undue experimentation in light of the present disclosure.
While the compositions and methods of this disclosure have
been described in terms of the embodiments included herein,
it will be apparent to those of ordinary skill 1n the art that
variations may be applied to the compositions and/or meth-
ods and 1n the steps or 1n the sequence of steps of the method
described herein without departing from the concept, spirit,
and scope of the disclosure. All such similar substitutes and
modifications apparent to those skilled 1n the art are deemed
to be within the spirit, scope, and concept of the disclosure
as defined by the appended claims.

[0075] This written description uses examples to disclose
the disclosure, including the best mode, and also to enable
any person skilled in the art to practice the disclosure,
including making and using any devices or systems and
performing any incorporated methods. The patentable scope
of the disclosure 1s defined by the claims, and may include
other examples that occur to those skilled 1n the art. Such
other examples are mtended to be within the scope of the
claims 1f they have structural elements that do not difler
from the literal language of the claims, or if they include
equivalent structural elements with insubstantial diflerences
from the literal language of the claims.

1. A composition for prevention or treatment of a neuro-
degenerative condition, the composition comprising a neu-
rosteroid, a synthetic enantiomer of a neurosteroid, or a
combination thereof.

2. The composition of claim 1, further comprising a saline
solution.

3. The composition of claim 1, further comprising (2-Hy-
droxypropyl)-p-cyclodextrin.

4. The composition of claim 1, wherein the neurosteroid
1s allopregnanolone and the synthetic enantiomer of the
neurosteroid 1s ent-allopregnanolone.

5. The composition of claim 1, wherein the neurosteroid,
the synthetic enantiomer of the neurosteroid, or the combi-
nation thereof has a concentration of from about 10 nM to

about 100 uM.

6. The composition of claim 1, wherein the composition
comprises both the neurosteroid and the synthetic enan-
tiomer of the neurosteroid.

7-20. (canceled)

21. The composition of claim 1, wherein the neurosteroid
1s selected from the group consisting of cholesterol, preg-
nenolone, progesterone, pregn-So-ane-3,17-dione, pregn-
Sp-ane-3,17-dione, androsterone, etiocholanolone, and tet-
rahydrodeoxycorticosterone.
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22. The composition of claim 1, wherein the synthetic
enantiomer of the neurosteroid 1s selected from the group
consisting of ent-cholesterol, ent-pregnenolone, ent-proges-
terone, ent-pregn-Sca.-ane-3,17-dione, ent-pregn-3p-ane-3,
17-dione, ent-androsterone, ent-etiocholanolone, and ent-
tetrahydrodeoxycorticosterone.

23. The composition of claim 1, wherein the neurosteroid
1s progesterone and the synthetic enantiomer of the neuro-
steroid 1s ent-progesterone.

24. The composition of claim 6, wherein the combination
thereof has a concentration of from about 10 nM to about
100 uM.

25. The composition of claim 1, wherein the composition
comprises the synthetic enantiomer of the neurosteroid or

the combination of the neurosteroid and the synthetic enan-
tiomer of the neurosteroid.
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