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COMPOSITIONS COMPRISING 5-CHOLESTEN-3, 25-DIOL, 3-SULFATE (25HC3S)
OR PHARMACEUTICALLY ACCEPTABLE SALT THEREOF AND AT LEAST ONE
CYCLIC OLIGOSACCHARIDE

FIELD OF THE DISCLOSURE
The present disclosure generally relates to compositions comprising 5-cholesten-3,
25-diol, 3-sulfate (25HC3S) or pharmaceutically acceptable salt thereof and at least one
cyclic oligosaccharide, e.g., at least one cyclodextrin (CD) and/or derivative thereof. The
compositions may be used to treat and/or prophylactically treat a wide variety of diseases

and conditions, such as conditions that are caused by or related to inflammation.

INTRODUCTION

S-cholesten-3, 25-diol, 3-sulfate (25 HC3S) or pharmaceutically acceptable salt
thereot 1s known to prevent and treat a wide variety of diseases and conditions. For
instance, 25HC3S or pharmaceutically acceptable salt thereof 1s known to be a potent
mediator of inflammation and successfully used to prevent and treat diseases caused by
or exacerbated by inflammation. These diseases include a wide range of maladies, for
example heart disease and organ failure.

There are a wide range of strategies known for formulating drugs, e.g., to
maximize their therapeutic efficacy. However, 1t 1s not straightforward to predict ab
initio the most appropriate strategy to apply to a new drug compound.

Compositions for improved delivery of 25HC3S or pharmaceutically acceptable
salt thereof are needed. Especially beneficial would be compositions having one or more,
preferably several and most preferably all of high efficacy, low toxicity, storage stability,
high solubility, and 1sotonicity.
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SUMMARY

The present disclosure addresses these needs and provides compositions
comprising 1) S-cholesten-3, 25-diol, 3-sulfate (25HC3S) or pharmaceutically acceptable
salt thereof and 11) at least one cyclic oligosaccharide, e.g., at least one cyclodextrin
and/or derivative thereof. The present disclosure also provides compositions comprising
1) 5-cholesten-3, 25-diol, 3-sulfate (25HC3S) or pharmaceutically acceptable salt thereof,
11) propylene glycol and 111) at least one cyclic oligosaccharide, e.g., at least one
cyclodextrin and/or derivative thereof. Among other indications, the compositions have
been successtully used to prevent and treat acute liver failure. However, the use of the
compositions 1s not limited to the treatment of acute liver failure (ALF); a variety of other
diseases and conditions may also be prevented and/or treated by the compositions and
methods described herein, e.g. high cholesterol/high lipids, various inflammatory
diseases and conditions, and organ failure of other types (e.g. kidney).

Aspects of the disclosure include:
1. A composition comprising

5-cholesten-3, 25-diol, 3-sulfate (25HC3S) or a pharmaceutically acceptable salt
thereot; and

at least one cyclic oligosaccharide.
2. The composition of aspect 1, wherein the cyclic oligosaccharide comprises a

cyclodextrin or a cyclodextrin derivative.

3. The composition ot aspect 2, wherein the cyclodextrin or the cyclodextrin derivative
comprises at least one of cyclodextrin, alkyl substituted cyclodextrin wherein the alkyl
group comprises 1 to 8 carbons, hydroxyalkyl substituted cyclodextrin wherein the alkyl
group comprises 1 to 8 carbons, sulfoalkyl ether substituted cyclodextrin wherein the
alkyl group comprises 1 to 8 carbons, and alkyl ether substituted cyclodextrin wherein the

alkyl group comprises 1 to 8 carbons.

4. The composition of aspect 2. wherein the cyclodextrin or the cyclodextrin derivative
comprises at least one of hydroxypropyl B-cyclodextrin, sulfobutyl ether B-cyclodextrin,

a-cyclodextrin and y-cyclodextrin.
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5. The composition of aspect 2, wherein the cyclodextrin or the cyclodextrin derivative

consists of hydroxypropyl B-cyclodextrin or sulfobutyl ether B-cyclodextrin.

6. The composition of any of aspects 1-5, wherein the composition does not comprise

hydroxypropyl B-cyclodextrin.

7. The composition of any of aspects 1-6, wherein the cyclic oligosaccharide 1s present in

the composition at a concentration ranging from about 0.1% (w/w) to about 99% (w/w).

8. The composition of any of aspects 1-7, wherein the cyclic oligosaccharide is present in

the composition at a concentration ranging from about 0.1% (w/w) to about 90% (w/w).

9. The composition of any of aspects 1-8, wherein the cyclic oligosaccharide is present at

a concentration ranging from about 1% (w/w) to about 40% (w/w).

10. The composition of any of aspects 1-9, wherein the composition further comprises at

least one alcohol.

11. The composition of aspect 10, wherein the at least one alcohol comprises at least one

diol.

12. The composition of aspect 11, wherein the at least one diol comprises a-propylene

glycol.

13. The composition of aspect 12, wherein the a-propylene glycol is present in the

composition at a concentration ranging from about 10% (v/v) to about 40% (v/v).

14. The composition of aspect 13, wherein the a-propylene glycol is present in the

composition at a concentration ranging from about 15% (v/v) to about 25% (v/v).
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15. The composition of any of aspects 1-14, wherein the 25HC3S or a pharmaceutically
acceptable salt thereof consists of 25HC3S.

16. The composition of any of aspects 1-14, wherein the 25HC3S or a pharmaceutically

acceptable salt thereot consists of a pharmaceutically acceptable salt of 25HC3S.

17. The composition of any of aspects 1-16, wherein the composition 1s formulated for

local or systemic administration.

18. The composition of any of aspects 1-17, wherein the composition 1s formulated as an

oral, topical, intravenous or 1njectable formulation.

19. The composition of any of aspects 1-18, wherein the composition comprises a lotion

Or Crcain.

20. The composition of any of aspects 1-18, wherein the composition comprises a

controlled release formulation.

21. The composition of any of aspects 1-20, wherein the composition comprises a

suspension.

22. The composition of any of aspects 1-21, wherein the composition comprises a

physiologically acceptable carrier.

23. The composition of aspect 22, wherein the physiologically acceptable carrier

comprises at least one buffer.

24. The composition of aspect 23, wherein the at least one buffer is present in the

composition at a concentration ranging from about 1 to about 200 mM.
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25. The composition of aspect 23, wherein the at least one buffer is present in the

composition at a concentration ranging from about 2 to about 50 mM.

26. The composition of any of aspects 23 to 25, wherein the at least one buffer comprises

sodium phosphate.

27. The composition of any of aspects 1-26, wherein the composition comprises at least

one physiologically acceptable excipient.

28. The composition of aspect 27, wherein the at least one physiologically acceptable

excipient comprises at least one salt.

29. The composition of any of aspects 27-28, wherein the at least one physiologically

acceptable excipient comprises at least one polyethylene glycol.

30. The composition of any of aspects 27-29, wherein the at least one physiologically

acceptable excipient comprises at least one polysorbate.

31. The composition of any of aspects 27-30, wherein the at least one physiologically

acceptable excipient comprises at least one sugar other than the at least one cyclic

oligosaccharide.

32. The composition of aspect 31, wherein the at least one sugar comprises dextrose.

33. The composition of any of aspects 27-32, wherein the at least one physiologically

acceptable excipient comprises at least one preservative.

34. The composition of any of aspects 1-33, wherein the composition has an osmolality

ranging from about 270 mmol/kg to about 340 mmol/kg.
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35. The composition of any of aspects 1-34, wherein the composition comprises about 20

mg/mL to about 40 mg/mL 25HC3S and about 200 mg/mL to about 350 mg/mL
hydroxypropyl beta cyclodextrin.

Further aspects provide:

36. A composition comprising:
an oxygenated cholesterol sulfate (OCS);
at least one cyclic oligosaccharide; and

a thickening agent.

37. The composition of aspect 36, wherein the OCS comprises 5-cholesten-3, 25-diol,

3-sulfate (25HC3YS) or a pharmaceutically acceptable salt thereof.

38. The composition of aspect 36, wherein the OCS comprises 5-cholesten-3, 25-diol,

disulfate (25HCDS) or a pharmaceutically acceptable salt thereof.

39. The composition of any of aspects 36 to 38, wherein the OCS is present in an

amount ranging from about 0.5 wt% to about 10 wt%, based on weight of the

composition.

40.  The composition of any one of aspects 36 to 39, wherein the cyclic

oligosaccharide comprises a cyclodextrin or a cyclodextrin derivative.

41. The composition of aspect 40, wherein the cyclodextrin or the cyclodextrin
derivative comprises at least one of cyclodextrin, alkyl substituted cyclodextrin wherein
the alkyl group comprises 1 to 8 carbons, hydroxyalkyl substituted cyclodextrin wherein
the alkyl group comprises 1 to 8 carbons, sulfoalkyl ether substituted cyclodextrin
wherelin the alkyl group comprises 1 to 8 carbons, and alkyl ether substituted cyclodextrin

wherein the alkyl group comprises 1 to 8 carbons.
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42. The composition of aspect 40, wherein the cyclodextrin or the cyclodextrin derivative
comprises at least one of hydroxypropyl B-cyclodextrin, sulfobutyl ether B-cyclodextrin,

a-cyclodextrin and y-cyclodextrin.

43. The composition of aspect 40, wherein the cyclodextrin or the cyclodextrin derivative

consists of hydroxypropyl B-cyclodextrin or sulfobutyl ether 3-cyclodextrin.

44,  'The composition of any one of aspects 36 to 43, wherein the cyclic
oligosaccharide is present in the composition in an amount ranging from about 5 wt% to

about 50 wt%, based on weight of the composition.

45.  The composition of any one of aspects 36 to 44, wherein the cyclic
oligosaccharide 1s present in the composition in an amount ranging from about 7 wt% to

about 20 wt%, based on weight of the composition.

46. The composition of any one of aspects 36 to 45, wherein the thickening agent

comprises surfactant.

47. The composition of any one of aspects 36 to 46, wherein the thickening agent

comprises non-ionic surfactant.

48. The composition of any one of aspects 36 to 47, wherein the thickening agent

comprises amphiphilic surfactant.

49.  The composition of any one of aspects 36 to 48, wherein the thickening agent
comprises at least one member selected from polyacrylic acid, polyacrylic acid
crosslinked with allyl sucrose, polyacrylic acid crosslinked with allyl pentaerythritol,
polyacrylic acid and C10-C30 alkyl acrylate crosslinked with allyl pentaerythritol,
poly(ethylene glycol)-block-poly(propylene glycol)-block-poly(ethylene glycol),

poloxamer, cellulose derivative, methylcellulose, carboxymethylcellulose, and carbomer.
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50. The composition of any one of aspects 36 to 49, wherein the thickening agent
comprises a poloxamer whose poly(propylene glycol) block has a molecular weight of
1500 to 5000 g/mol and a poly(ethylene glycol) weight fraction of 70 to 90 wt%; such as
poloxamer 188 and 407.

51. The composition of any one of aspects 36 to 50, wherein the thickening agent
comprises a poloxamer whose poly(propylene glycol) block has a molecular weight of

1,700 to 1,900 g/mol and a poly(ethylene glycol) weight fraction of 70 to 90 wt%;
preferably poloxamer 188.

52. The composition of any one of aspects 36 to 51, wherein the thickening agent is

present in the composition in an amount ranging from about 0.2 wt% to about 40 wt%,

based on weight of the composition.

53. The composition of any one of aspects 36 to 52, wherein the thickening agent is
present in the composition in an amount ranging from about 0.2 wt% to about 2 wt%,

based on weight of the composition.

34. The composition of any one of aspects 36 to 52, wherein the thickening agent is
present 1n the composition 1n an amount ranging from about 10 wt% to about 40 wt%,

based on weight of the composition.

55.  The composition of any one of aspects 36 to 54, further comprising an emollient.

56.  The composition of any one of aspects 36 to 55, further comprising at least one

emollient selected from polysorbate and sorbitan laurate.

57. The composition of aspect 55 or 56, wherein the emollient 1s present in the
composition in an amount ranging from about 2 wt% to about 10 wt%, based on weight

of the composition.



CA 03031224 2015-01-17

WO 2018/026781 PCT/US2017/044840

58.  The composition of any one of aspects 36 to 57, further comprising a pH adjuster.

59.  The compostition of any one of aspects 36 to 58, further comprising a pH adjuster
comprising at least one member selected from trolamine, citric acid, phosphoric acid,

sodium hydroxide, and monobasic sodium.

60.  The composition of any one of aspects 36 to 59, further comprising a pH adjuster

comprising trolamine.

61.  The composition of any one of aspects 58 to 60, wherein the pH adjuster is
present 1n the composition in an amount ranging from about 0.5 wt% to 4 wt%, based on

weight of the composition.

62.  The composition of any one of aspects 36 to 61, further comprising a preservative.

63.  The composition of any one of aspects 36 to 62, further comprising a paraben as a
preservative.
64.  The composition of any one of aspects 36 to 63, further comprising at least one

member selected from methyl paraben, ethyl paraben, propyl paraben, and butyl paraben

as a preservative.

65.  The composition of any one of aspects 36 to 64, further comprising a preservative

comprising methyl paraben.

66.  The composition of any one of aspects 62 to 65, wherein the preservative is
present in the composition in an amount ranging from about 0.1 wt% to about 1 wt%,

based on weight of the composition.

67.  The composition of any one of aspects 36 to 66, further comprising water.

68. The composition of aspect 67, wherein the water 1s present in an amount ranging

from about 0.5 wt% to about 90 wt%, based on weight of the composition.
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69.  The composition of aspect 67, wherein the water 1s present in an amount ranging

from about 1 wt% to about 10 wt%, based on weight of the composition.

70.  The composition of aspect 67, wherein the water is present in an amount ranging

from about 50 wt% to about 90 wt%, based on weight of the composition.

71.  The composition of any one of aspects 36 to 70, wherein the composition is not an
emulsion.
72.  The composition of any one of aspects 36 to 71, wherein the composition

comprises a micro-emulsion.

73.  The composition of any one of aspects 36 to 72, wherein the composition

comprises a solution.

74. The composition of aspect 73, wherein the solution is a lotion.

75. The composition of any one of aspects 36 to 72, wherein the composition is a cream.

76. T'he composition of any one of aspects 36 to 75, wherein the composition

cOmprises a suspension.

77.  The composition of aspect 76, wherein the suspension comprises particles
comprising the OCS.
78. The composition of aspect 77, wherein the particles have an average particle size

ranging trom about 1 um to about 10 um.

79. The composition of any one of aspects 36 to 78, wherein the composition has a

pHof 4 to 8,suchasapHof4to 7.

10
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80. The composition of any one of aspects 36 to 79, wherein the composition has a pH of

7 t0 8.

81. The composition of any one of aspects 36 to 79, wherein the composition has a pH of

5to 6.

Further aspects include:

82. A method of treating, in a subject in need thereof at least one of: hyperlipidemia or a
disease or condition caused by hyperlipidemia; dysfunction or failure of at least one
organ; a lipid metabolism disorder; metabolic disorder; atherosclerosis; injury caused by
1schemia; unwanted cell death; sepsis; acute radiation syndrome; a liver disorder; a lipid
accumulation disorder; and an inflammatory skin disease or skin lesion; the method

comprising administering to the subject a therapeutically effective amount of the

composition of any of aspects 1-81.
83. The method of aspect 82, wherein the method comprises treating dysfunction or

tailure of at least one organ selected from kidney, liver, pancreas, heart, lung and brain.

84. The method of aspect 82, wherein the method comprises treating dysfunction or

failure of the liver caused by acetaminophen.

85. The method of aspect 82, wherein the method comprises treating injury caused by

1schemia.

86. The method of aspect 82, wherein the method comprises treating injury caused by

1schemia caused by ischemia/reperfusion injury.

87. The method of aspect 82, wherein the method comprises treating a liver disorder.

88. The method of aspect 82, wherein the method comprises treating a liver disorder that

1s non-alcoholic fatty liver disease (NAFLD) or nonalcoholic steatohepatitis (NASH).

11



CA 03031224 2015-01-17

WO 2018/026781 PCT/US2017/044840

89. The method of aspect 82, wherein the method comprises treating an inflammatory

skin disease or skin lesion.

90. The method of aspect 82, wherein the method comprises treating an inflammatory

skin disease that 1s atopic dermatitis or psoriasis.

91. The method of any of aspects 82-90, wherein the administering 1s performed by

injection.

92. The method of any of aspects 82-91, wherein the administering is performed

intravenously.

93. The method of any of aspects 82-90, wherein the administering is performed topically.

94. The method of any of aspects 82-90, wherein the administering is performed orally.

Yet further additional aspects include:
95. A method of treating, in a subject in need thereof, any disease or condition disclosed
herein, the method comprising administering to the subject a therapeutically effective

amount of the composition of any of aspects 1-81.

96. A composition as defined in any one of aspects 1-81 for use as a medicament.

97. A composition as defined in any one of aspects 1-81 for use in treatment of any

disease or condition disclosed herein.

98. The composition for use of aspect 97, wherein the disease or condition is selected
from hyperlipidemia or a disease or condition caused by hyperlipidemia; dysfunction or
failure of at least one organ; a lipid metabolism disorder; metabolic disorder;

atherosclerosis; injury caused by ischemia; unwanted cell death; sepsis; acute radiation

12
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syndrome; a liver disorder; a lipid accumulation disorder; and an inflammatory skin

disease or skin lesion.

99. Use of a composition as defined in any one of aspects 1-81 in the manufacture of a

medicament for use in treatment of any disease or condition disclosed herein.

100. Use of aspect 99, wherein the disease or condition 1s selected from hyperlipidemia
or a disease or condition caused by hyperlipidemia; dystunction or failure of at least one
organ; a lipid metabolism disorder; metabolic disorder; atherosclerosis; injury caused by
1schemia; unwanted cell death; sepsis; acute radiation syndrome; a liver disorder; a lipid
accumulation disorder; and an inflammatory skin disease or skin lesion.

101. A method comprising

injecting a subject with the composition of any of aspects 1-81.

Aspects of the invention provide a composition comprising 5-cholesten-3, 25-diol,
3-sulfate (25HC3S) or a pharmaceutically acceptable salt thereot; and at least one cyclic
oligosaccharide. In some aspects, the cyclic oligosaccharide comprises a cyclodextrin or
a cyclodextrin derivative. In some aspects, the cyclodextrin or the cyclodextrin
derivative comprises at least one of cyclodextrin, alkyl substituted cyclodextrin wherein
the alkyl group comprises 1 to 8 carbons, hydroxyalkyl substituted cyclodextrin wherein
the alkyl group comprises 1 to 8 carbons, sulfoalkyl ether substituted cyclodextrin
wherein the alkyl group comprises 1 to 8 carbons, and alkyl ether substituted cyclodextrin
wherein the alkyl group comprises 1 to 8 carbons. In some aspects, the cyclodextrin or
the cyclodextrin derivative comprises at least one of hydroxypropyl p-cyclodextrin,
sulfobutyl ether -cyclodextrin, a-cyclodextrin and y-cyclodextrin. In some aspects, the
cyclodextrin or the cyclodextrin derivative consists of hydroxypropyl B-cyclodextrin or
sulfobutyl ether B-cyclodextrin. In other aspects, the composition does not comprise
hydroxypropyl B-cyclodextrin. In further aspects, the cyclic oligosaccharide is present in
the composition at a concentration ranging from about 0.1% (w/w) to about 90% (w/w).
In yet turther aspects, the cyclic oligosaccharide is present at a concentration ranging

from about 1% (w/w) to about 40% (w/w). In further aspects, the composition further

13
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comprises at least one alcohol. In further aspects, the at least one alcohol comprises at
least one diol. In further aspects, the at least one diol comprises a-propylene glycol. In
further aspects, the a-propylene glycol 1s present in the composition at a concentration
ranging from about 10% (v/v) to about 40% (v/v). In further aspects, the a-propylene
glycol 1s present in the composition at a concentration ranging from about 15% (v/v) to
about 25% (v/v). In additional aspects, the 25HC3S or a pharmaceutically acceptable salt
thereot consists of 25HC3S. In additional aspects, the 25HC3S or a pharmaceutically
acceptable salt thereof consists of a pharmaceutically acceptable salt of 25HC3S. In
some aspects, the composition is formulated for local or systemic administration. In
additional aspects, the composition is formulated as an oral, topical, intravenous or
injectable formulation. In additional aspects, the composition comprises a lotion or cream.

In additional aspects, the composition comprises a controlled release formulation.
In additional aspects, the composition comprises a suspension. In further aspects, the
composition comprises a physiologically acceptable carrier. In further aspects, the
physiologically acceptable carrier comprises at least one buffer. In further aspects, the at
least one buffer 1s present in the composition at a concentration ranging from about 1 to
about 200 mM. In further aspects, the at least one buffer is present in the composition at a
concentration ranging from about 2 to about 50 mM. In further aspects, the at least one
butter comprises sodium phosphate. In yet further aspects, the composition comprises at
least one physiologically acceptable excipient. In further aspects, the at least one
physiologically acceptable excipient comprises at least one salt. In further aspects, the at
least one physiologically acceptable excipient comprises at least one polyethylene glycol.
In turther aspects, the at least one physiologically acceptable excipient comprises at least
one polysorbate. In other aspects, the at least one physiologically acceptable excipient
comprises at least one sugar other than the at least one cyclic oligosaccharide. In other
aspects, the at least one sugar comprises dextrose. In other aspects, the at least one
physiologically acceptable excipient comprises at least one preservative. In other aspects,
the composition has an osmolality ranging from about 270 mmol/kg to about 340
mmol/kg. In additional aspects, the composition comprises about 20 mg/mL to about 40
mg/mL 25HC3S and about 200 mg/mL to about 350 mg/mL hydroxypropyl beta

cyclodextrin.
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Further aspects provide a method of treating, in a subject in need thereof at least
one of: hyperlipidemia or a disease or condition caused by hyperlipidemia; dysfunction or
tailure of at least one organ; a lipid metabolism disorder; metabolic disorder;
atherosclerosis; injury caused by ischemia; unwanted cell death; sepsis; acute radiation
syndrome; a liver disorder; a lipid accumulation disorder; and an inflammatory skin
disease or skin lesion, comprising administering to the subject a therapeutically effective
amount of the composition as described herein. In some aspects, the method comprises
treating dysfunction or failure of at least one organ selected from kidney, liver, pancreas,
heart, lung and brain. In other aspects, the method comprises treating dysfunction or
failure of the liver caused by acetaminophen. In further aspects, the method comprises
treating injury caused by ischemia. In yet further aspects, the method comprises treating
injury caused by ischemia caused by 1schemia/reperfusion injury. In yet further aspects,
the method comprises treating a liver disorder. In yet further aspects, the method
comprises treating a liver disorder that is non-alcoholic fatty liver disease (NAFLD) or
nonalcoholic steatohepatitis (NASH). In yet further aspects, the method comprises
treating an inflammatory skin disease or skin lesion. In yet further aspects, the method
comprises treating an inflammatory skin disease that is atopic dermatitis or psoriasis. In
some aspects, the administering 1s performed by injection. In some aspects, the
administering 1s performed intravenously. In some aspects, the administering is
performed topically. In some aspects, the administering is performed orally.

Additional aspects provide a method of treating, in a subject in need thereof, any
disease or condition disclosed herein, the method comprising administering to the subject
a therapeutically effective amount of a composition disclosed herein.

Further aspects provide a composition as defined herein for use as a medicament.

Yet turther aspects provide a composition as defined herein for use in treatment of
any disease or condition disclosed herein. In some aspects, the disease or condition is
selected trom hyperlipidemia or a disease or condition caused by hyperlipidemia;
dystunction or failure of at least one organ; a lipid metabolism disorder; metabolic
disorder; atherosclerosis; injury caused by ischemia; unwanted cell death; sepsis; acute
radiation syndrome; a liver disorder; a lipid accumulation disorder; and an inflammatory

skin disease or skin lesion.
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Further aspects provide the use of a composition as defined herein 1n the
manutacture of a medicament for use in treatment of any disease or condition disclosed
herein. In some aspects, the disease or condition is selected from hyperlipidemia or a
disease or condition caused by hyperlipidemia; dysfunction or failure of at least one
organ; a lipid metabolism disorder; metabolic disorder; atherosclerosis; injury caused by
1schemia; unwanted cell death; sepsis; acute radiation syndrome; a liver disorder; a lipid
accumulation disorder; and an inflammatory skin disease or skin lesion.

Further aspects include a method comprising injecting a subject with a

composition as disclosed herein.

BRIEF DESCRIPTION OF THE DRAWINGS
The present invention is further described in the description of invention that

follows, in reference to the noted plurality of non-limiting drawings, wherein:

Figure 1 shows a solubility phase diagram which is a plot of the maximum equilibrium
solubility of 25HC3S (mg/mL) as a function of hydroxypropyl beta cyclodextrin
(HPbCD) and sulfobutyl ether beta cyclodextrin (SBECD) concentrations (mg/mL) in
water.

Figure 2 shows the solubility of 25HC3S (moles) as a function of HPbCD and SBECD
(moles).

Figure 3. Effects of 25 HC3S on mortality in mice overdosed with APAP (600mg/kg).
Figures 4A-4D. Effects of 25HC3S on liver function in mice overdosed with APAP
(350mg/kg). A, alanine aminotransferase (ALT); B, aspartate aminotransferase (AST); C,
alkaline phosphatase (ALK); and D, lactate dehydrogenase (LDH). CNT = control; PG =

mice received vehicle; PC+3S = mice received 25HC3S.

Figures SA-3D. 25HC3S treatment regulates mRNA expression of hepatic apoptosis-
related genes in APAP overdosed mice. A, clustergram analysis of data from JC-1/flow
cytometry study; B-D, scatter plots of data. B, P (vehicle) vs C (control); C, 25HC3S vs
C (control); D, 25HC3S vs P (vehicle). Genes with more than a 2-fold change are

indicated.
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Figures 6A and 6B. Effects of 25HC3S on mitochondrial membrane potential in Huh?7
cells treated with APAP, as measured by staining with the mitochondrial membrane

potential dye (JC-1) and flow cytometry. A, results in terms of APAP concentration; B,

results 1n terms of 25HC3S concentration. Data represent the mean + SD for three
independent experiments and is presented as percentage of control (CNT). CNT/DMSO:
control group with vehicle; APAP/DMSO: cells were treated with 10mM APAP only;
APAP/12.5: cells were pretreated with 12.5 uM 25HC3S for 2 hr and then incubated with
10mM APAP betore assay; APAP/25: cells were pretreated with 25 uM 25HC3S for 2 hr
and then incubated with 10mM APAP before assay; APAP/50: cells were pretreated with
50 uM 25HC3S for 2 hr and then incubated with 10mM APAP before assay; APAP/100:
cells were pretreated with 100 pM 25HC3S for 2 hr and then incubated with 10mM
APAP betore assay. **, P<0.01 vs. APAP/DMSO group.

Figure 7. Erythema (redness) of back skin of mice treated with 25HC3S solution,
solution vehicle, 25HC3S suspension, or suspension vehicle.

Figures 8A and 8B. A, IL-17 and B, TNFa protein levels in psoriatic skin/lesion as
measured by ELISA assays.

Figure 9. Eftects of 25HC3S on mortality in mice given a semi-lethal dose of LPS
(Smg/kg).

Figure 10. Study 1: Effects of 25 HC3S on clinical signs in a rodent model of GI-ARSs
(p<0.05; Student’s unpaired t-test). (Radiation dose: 15.78 Gy).

Figure 11. Study 2: Effects of 25HC3S on mortality in a rodent model of GI-ARS
(Radiation dose: 15.16 Gy).

Figure 12. Effects of 25HC3S on mortality in rats that underwent CLP surgery-induced
sepsis (p=0.0975; Log-rank/Mantel-Cox test).

Figure 13. Concentration (ng/ml) in blood samples following injection of 30, 90, 150 and
300mg of 25HC3S.

Figure 14. Concentration (ng/ml) of 25HC3S in blood samples on days 1 and 5.

Figure 135. Plot of % remaining 25HC3S 1n various buffers as function of time at 80°C
fitted to first order decay.

Figure 16. Change in osmolality of phosphate buffers at 80°C.

Figure 17. Change in osmolality of borate buffers at 80°C.
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Figure 18. pH of formulations at 80°C.
Figure 19. Change in pH of phosphate buffers at 80°C.
Figure 20. Change in pH of borate buffers at 80°C.

DETAILED DESCRIPTION OF THE DISCLOSURE

Compositions comprising 5-cholesten-3, 25-diol, 3-sulfate (25HC3S) or
pharmaceutically acceptable salt thereof and at least one cyclic oligosaccharide, such as
at least one cyclodextrin (CD) and/or derivative thereof, are provided. Compositions
comprising 25HC3S or pharmaceutically acceptable salt thereof, propylene glycol (PG)
and at least one cyclic oligosaccharide, such as at least one cyclodextrin (CD), are also
provided. The compositions are used to prevent and/or treat a wide variety of diseases
and conditions, such as hyperlipidemia, 1schemia, sepsis, heart disease, and organ failure.
DEFINITIONS
The following definitions are used throughout:

As used herein, “at least one” means one, two, three, four, or more.

The compositions described herein include 5-cholesten-3, 25-diol, 3-sulfate
(25HC3S) or pharmaceutically acceptable salt thereof. Disclosure of 25HC3S or
pharmaceutically acceptable salt thereof 1s found 1n, e.g., U.S. Patent No. 8,399,441,
which 1s incorporated herein by reference 1n its entirety.

The 25HC3S or pharmaceutically acceptable salt thereof is typically a synthetic
version of 25HC3S that occurs naturally in the body. The 25HC3S or pharmaceutically
acceptable salt thereof may be administered in forms not naturally found in the body, and
in concentrations that are significantly higher than those which occur naturally. The
natural levels typically range from e.g. about 2 ng/ml or less up to about 5 ng/ml in the
blood or plasma. The concentration of 25HC3S or pharmaceutically acceptable salt
thereot in the blood or plasma of a patient that is treated with 25HC3S or
pharmaceutically acceptable salt thereof 1s generally greater than about 5 ng/ml, and
generally ranges from about 50 ng/ml to about 5000 ng/ml, such as about 80 ng/ml to
about 3000 ng/ml, e.g. from about 100 to about 2000 ng/ml, or from about 200 to about
1000 ng/ml.

In one aspect, the 25HC3S 1s of formula
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9,

HO>SC
and/or a pharmaceutically acceptable salt thereof.

In one aspect, the 25HC3S 1s 5-cholesten-p, 25-diol, 3-sulfate of formula

N
N
H . “s‘\

HO>SC

and/or a pharmaceutically acceptable salt thereof.

An oligosaccharide 1s a saccharide polymer containing two or more sugar
molecules (monomers), for example 2 to 200 sugar molecules such as 3 to 100 sugar
molecules or 3 to 10 sugar molecules. “Cyclic oligosaccharide” refers to an
oligosaccharide that is cyclic. Typically a cyclic oligosaccharide comprises 5 or more
sugar molecules that together form a ring, for example 5 to 200 sugar molecules such as 5
to 100 sugar molecules or 5 to 10 sugar molecules. Cyclic oligosaccharides include salts
of cyclic oligosaccharides.

“Cyclodextrin™ (““CD”) refers to a tamily of synthetic compounds comprising
sugar molecules bound together in a ring (cyclic oligosaccharides). Cyclodextrins are
cyclic oligosaccharides with hydroxyl groups on the outer surface and a void cavity in
the center. Their outer surface 1s hydrophilic, and therefore they are usually soluble 1n
water, but the cavity has a lipophilic character.

The most common cyclodextrins are a-cyclodextrin, B-cyclodextrin and y-

cyclodextrin, consisting of 6, 7, and 8 a-1,4-linked glucose units, respectively. The
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number of these units determines the size of the cavity. Cyclodextrins typically
comprise 5 or more a-D-glucopyranoside units linked 1-—4, as in amylose. Typical
cyclodextrins contain from six to eight units in a ring, creating a cone shape and include:
a (alpha)-cyclodextrin, a 6-membered ring; B (beta)-cyclodextrin: a 7-membered ring,
and y (gamma)-cyclodextrin, an 8-membered ring. Much larger cyclodextrin rings are
also known, e.g. comprising over 100 a-D-glucopyranoside units. Cyclodextrins suitable
for medical purposes are readily commercially available. Cyclodextrins include salts of
cyclodextrins.

Various derivatives of CDs may also be employed, including but not limited to:
chloramphenicol/methyl-B3-CD; highly water-soluble, randomly substituted hydroxyalkyl
derivatives of B- and y-CD such as 2-hydroxypropyl-B-cyclodextrin and 2-
hydroxypropyl-y-cyclodextrin; sulfoalkyl ether CDs such as sulfobutylether 3-
cyclodextrin; lipid substituted CDs; dimethyl-B-CD, randomly methylated -CD, and the
like. In some aspects, the cyclodextrin 1s B-cyclodextrin or sulfobutyl ether [3-
cyclodextrin.

Common cyclodextrin derivatives are formed by alkylation (e.g.. methyl- and
ethyl-B-cyclodextrin) or hydroxyalkylation of the hydroxyl groups (e.¢.. hydroxypropyl-
and hydroxyethyl-derivatives of a-. 3-. and y-cyclodextrin) or by substituting the primary
hyvdroxyl groups with saccharides (e.g. glucosyl- and maltosyl-B-cyclodextrin). For
instance, cyclodextrin derivatives include cyclodextrins that are alkyl substituted,
hydroxyalkyl substituted, sulfoalkyl ether substituted, or alkyl ether substituted, such as
those 1n which the alkyl group comprises 1 to about 8 carbons, such as about 2 to about 5
carbons. In such a derivative, the cyclodextrin may be fully or partially alkyl substituted,
hydroxyalkyl substituted. sulfoalkyl ether substituted, or alkyl ether substituted (i.e. all or,
more typically, only some of the native hydroxyl groups of the cyclodextrin are replaced
with alkyl substituents, hydroxyalkyl substituents, sulfoalkyl ether substituents, or
alkyl ether substituents). Cyclodextrin derivatives also include cyclodextrin ethers.
Hydroxypropyl-B-cyclodextrin and its preparation by propylene oxide addition to [3-
cyclodextrin, and hydroxyethyl B-cyclodextrin and its preparation by ethylene oxide
addition to B-cyclodextrin, were described in a patent of Gramera et al. (U.S. Pat. No.

3,459,751, 1ssued Aug. 1969) over 20 years ago. For a comprehensive review of
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cyclodextrins see Cyclodextrins and their industrial uses. editor Dominique Duchene.
Editions Sante, Paris, 1987. For a more recent overview, see J. Szejtli: Cyclodextrins in
drug tormulations: Part 1, Pharm. Techn. Int. 3(2), 15-22 (1991); and J. Szejtli:
Cyclodextrins in drug formulations: Part I, Pharm. Techn. Int. 3(3). 16-24 (1991).<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>