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2 . The composition of aspect 1 , wherein the cyclic oligosac 
charide comprises a cyclodextrin or a cyclodextrin deriva 

COMPOSITIONS COMPRISING 
5 - CHOLESTEN - 3 , 25 - DIOL , 3 - SULFATE 
( 25HC3S ) OR PHARMACEUTICALLY 

ACCEPTABLE SALT THEREOF AND AT 
LEAST ONE CYCLIC OLIGOSACCHARIDE 

tive . 

FIELD OF THE DISCLOSURE 
[ 0001 ] The present disclosure generally relates to compo 
sitions 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 cyclodex 
trin ( 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 
[ 0002 ] 5 - cholesten - 3 , 25 - diol , 3 - sulfate ( 25HC3S ) or 
pharmaceutically acceptable salt thereof is known to prevent 
and treat a wide variety of diseases and conditions . For 
instance , 25HC3S or pharmaceutically acceptable salt 
thereof is 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 . 
[ 0003 ] There are a wide range of strategies known for 
formulating drugs , e . g . , to maximize their therapeutic effi 
cacy . However , it is not straightforward to predict ab initio 
the most appropriate strategy to apply to a new drug com 
pound . 
[ 0004 ] Compositions for improved delivery of 25HC3S or 
pharmaceutically acceptable salt thereof are needed . Espe 
cially beneficial would be compositions having one or more , 
preferably several and most preferably all of high efficacy , 
low toxicity , storage stability , high solubility , and isotonic 
ity . 

3 . The composition of aspect 2 , wherein the cyclodextrin or 
the cyclodextrin derivative comprises at least one of cyclo 
dextrin , 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 ß - cyclodex 
trin , a - cyclodextrin and y - cyclodextrin . 
5 . The composition of aspect 2 , wherein the cyclodextrin or 
the cyclodextrin derivative consists of hydroxypropyl ß - cy 
clodextrin or sulfobutyl ether B - cyclodextrin . 
6 . The composition of any of aspects 1 - 5 , wherein the 
composition does not comprise hydroxypropyl B - cyclodex 
trin . 
7 . The composition of any of aspects 1 - 6 , wherein the cyclic 
oligosaccharide is present in the composition at a concen 
tration 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 concen 
tration 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 C - propylene 
glycol is present in the composition at a concentration 
ranging from about 15 % ( v / v ) to about 25 % ( v / v ) . 
15 . The composition of any of aspects 1 - 14 , wherein the 
25HC3S or a pharmaceutically acceptable salt thereof con 
sists of 25HC3S . 
16 . The composition of any of aspects 1 - 14 , wherein the 
25HC3S or a pharmaceutically acceptable salt thereof con 
sists of a pharmaceutically acceptable salt of 25HC3S . 
17 . The composition of any of aspects 1 - 16 , wherein the 
composition is formulated for local or systemic administra 
tion . 
18 . The composition of any of aspects 1 - 17 , wherein the 
composition is formulated as an oral , topical , intravenous or 
injectable formulation . 
19 . The composition of any of aspects 1 - 18 , wherein the 
composition comprises a lotion or cream . 
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 . 

SUMMARY 
[ 0005 ] The present disclosure addresses these needs and 
provides compositions comprising i ) 5 - cholesten - 3 , 25 - diol , 
3 - sulfate ( 25HC3S ) or pharmaceutically acceptable salt 
thereof and ii ) at least one cyclic oligosaccharide , e . g . , at 
least one cyclodextrin and / or derivative thereof . The present 
disclosure also provides compositions comprising i ) 5 - cho 
lesten - 3 , 25 - diol , 3 - sulfate ( 25HC3S ) or pharmaceutically 
acceptable salt thereof , ii ) propylene glycol and iii ) at least 
one cyclic oligosaccharide , e . g . , at least one cyclodextrin 
and / or derivative thereof . Among other indications , the 
compositions have been successfully used to prevent and 
treat acute liver failure . However , the use of the composi 
tions is 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 meth 
ods described herein , e . g . high cholesterol / high lipids , vari 
ous inflammatory diseases and conditions , and organ failure 
of other types ( e . g . kidney ) . 
[ 0006 ] Aspects of the disclosure include : 
1 . A composition comprising 
[ 0007 ] 5 - cholesten - 3 , 25 - diol , 3 - sulfate ( 25HC3S ) or a 
pharmaceutically acceptable salt thereof ; and 
[ 0008 ] at least one cyclic oligosaccharide . 



US 2019 / 0269695 A1 Sep . 5 , 2019 

23 . The composition of aspect 22 , wherein the physiologi - 
cally 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 . 
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 accept 
able 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 oligosac 
charide . 
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 . 
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 . 
[ 0009 ] Further aspects provide : 
36 . A composition comprising : 

[ 0010 ] an oxygenated cholesterol sulfate ( OCS ) ; 
[ 0011 ] at least one cyclic oligosaccharide ; and 
[ 0012 ] a thickening agent . 

37 . The composition of aspect 36 , wherein the OCS com 
prises 5 - cholesten - 3 , 25 - diol , 3 - sulfate ( 25HC3S ) or a phar 
maceutically acceptable salt thereof . 
38 . The composition of aspect 36 , wherein the OCS com 
prises 5 - cholesten - 3 , 25 - diol , disulfate ( 25HCDS ) or a phar 
maceutically 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 substi 
tuted 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 . 

42 . The composition of aspect 40 , wherein the cyclodextrin 
or the cyclodextrin derivative comprises at least one of 
hydroxypropyl B - cyclodextrin , sulfobutyl ether B - cyclodex 
trin , 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 ß - 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 is 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 pen 
taerythritol , 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 , carboxym 
ethylcellulose , and carbomer . 
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 . 
54 . 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 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 emol 
lient is present in the composition in an amount ranging from 
about 2 wt % to about 10 wt % , based on weight of the 
composition . 
58 . The composition of any one of aspects 36 to 57 , further 
comprising a pH adjuster . 
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59 . The composition 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 in 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 para 
ben , 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 is 
present in an amount ranging from about 0 . 5 wt % to about 
90 wt % , based on weight of the composition . 
69 . The composition of aspect 67 , wherein the water is 
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 . The 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 from about 1 um to about 10 
um . 
79 . The composition of any one of aspects 36 to 78 , wherein 
the composition has a pH of 4 to 8 , such as a pH of 4 to 7 . 
80 . The composition of any one of aspects 36 to 79 , wherein 
the composition has a pH of 7 to 8 . 
81 . The composition of any one of aspects 36 to 79 , wherein 
the composition has a pH of 5 to 6 . 
[ 0013 ] . 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 ; atheroscle - 
rosis ; 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 ; the method comprising administering to the 
subject a therapeutically effective amount of the composi 
tion of any of aspects 1 - 81 . 
83 . The method of aspect 82 , wherein the method comprises 
treating dysfunction or failure 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 acet 
aminophen . 

85 . The method of aspect 82 , wherein the method comprises 
treating injury caused by ischemia . 
86 . The method of aspect 82 , wherein the method comprises 
treating injury caused by ischemia 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 is non - alcoholic fatty liver 
disease ( NAFLD ) or nonalcoholic steatohepatitis ( NASH ) . 
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 is atopic derma 
titis or psoriasis . 
91 . The method of any of aspects 82 - 90 , wherein the 
administering is 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 . 
[ 0014 ] Yet further additional aspects include : 
95 . A method of treating , in a subject in need thereof , any 
disease or condition disclosed herein , the method compris 
ing 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 isch 
emia ; unwanted cell death ; sepsis ; acute radiation 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 treat 
ment of any disease or condition disclosed herein . 
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100 . Use of aspect 99 , 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 syndrome ; a liver disorder ; a 
lipid accumulation disorder ; and an inflammatory skin dis 
ease or skin lesion . 
101 . A method comprising 

[ 0015 ] injecting a subject with the composition of any 
of aspects 1 - 81 . 

[ 0016 ] Aspects of the invention provide a composition 
comprising 5 - cholesten - 3 , 25 - diol , 3 - sulfate ( 25HC3S ) or a 
pharmaceutically acceptable salt thereof ; and at least one 
cyclic oligosaccharide . In some aspects , the cyclic oligosac 
charide comprises a cyclodextrin or a cyclodextrin deriva 
tive . 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 com - 
prises 1 to 8 carbons , and alkyl ether substituted cyclodex 
trin wherein the alkyl group comprises 1 to 8 carbons . In 
some aspects , the cyclodextrin or the cyclodextrin derivative 
comprises at least one of hydroxypropyl B - cyclodextrin , 
sulfobutyl ether ß - cyclodextrin , a - cyclodextrin and y - cyclo 
dextrin . In some aspects , the cyclodextrin or the cyclodex 
trin derivative consists of hydroxypropyl B - cyclodextrin or 
sulfobutyl ether ß - cyclodextrin . In other aspects , the com 
position 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 further 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 comprises at least one alcohol . In fur 
ther 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 is 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 is 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 pharma 
ceutically acceptable salt thereof 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 addi 
tional aspects , the composition is formulated as an oral , 
topical , intravenous or injectable formulation . In additional 
aspects , the composition comprises a lotion or cream . 
[ 0017 ] 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 is 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 buffer 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 further 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 com 
prises about 20 mg / mL to about 40 mg / mL 25HC3S and 
about 200 mg / mL to about 350 mg / mL hydroxypropyl beta 
cyclodextrin . 
[ 0018 ] 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 failure of at least one organ ; a lipid metabolism disorder ; 
metabolic disorder ; atherosclerosis ; injury caused by isch 
emia ; unwanted cell death ; sepsis ; acute radiation syndrome ; 
a liver disorder , a lipid accumulation disorder ; and an 
inflammatory skin disease or skin lesion , comprising admin 
istering 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 
ischemia / 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 nonalco 
holic 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 derma 
titis or psoriasis . In some aspects , the administering is 
performed by injection . In some aspects , the administering 
is performed intravenously . In some aspects , the adminis 
tering is performed topically . In some aspects , the adminis 
tering is performed orally . 
[ 0019 ] 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 dis 
closed herein . 
[ 0020 ] Further aspects provide a composition as defined 
herein for use as a medicament . 
[ 0021 ] Yet further aspects provide a composition as 
defined herein for use in treatment of any disease or condi 
tion disclosed herein . In some aspects , the disease or con 
dition 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 syndrome ; a 
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liver disorder , a lipid accumulation disorder , and an inflam 
matory skin disease or skin lesion . 
[ 0022 ] Further aspects provide the use of a composition as 
defined herein in the manufacture 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 hyper 
lipidemia ; 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 syndrome ; a liver disorder ; a lipid accumu 
lation disorder ; and an inflammatory skin disease or skin 
lesion 
[ 0023 ] Further aspects include a method comprising 
injecting a subject with a composition as disclosed herein . 

[ 0032 ] FIGS . 8A and 8B . A , IL - 17 and B , TNFa protein 
levels in psoriatic skin / lesion as measured by ELISA assays . 
[ 0033 ] FIG . 9 . Effects of 25HC3S on mortality in mice 
given a semi - lethal dose of LPS ( 5 mg / kg ) . 
0034 ] FIG . 10 . Study 1 : Effects of 25HC3S on clinical 
signs in a rodent model of GI - ARSs ( p < 0 . 05 ; Student ' s 
unpaired t - test ) . ( Radiation dose : 15 . 78 Gy ) . 
[ 0035 ] FIG . 11 . Study 2 : Effects of 25HC3S on mortality 
in a rodent model of GI - ARS ( Radiation dose : 15 . 16 Gy ) . 
[ 0036 ] FIG . 12 . Effects of 25HC3S on mortality in rats 
that underwent CLP surgery - induced sepsis ( p = 0 . 0975 ; Log 
rank / Mantel - Cox test ) . 
100371 FIG . 13 . Concentration ( ng / ml ) in blood samples 
following injection of 30 , 90 , 150 and 300 mg of 25HC3S . 
[ 0038 ] FIG . 14 . Concentration ( ng / ml ) of 25HC3S in 
blood samples on days 1 and 5 . 
[ 0039 ] FIG . 15 . Plot of % remaining 25HC3S in various 
buffers as function of time at 80° C . fitted to first order decay . 
[ 0040 ] FIG . 16 . Change in osmolality of phosphate buffers 
at 80° C . 
[ 0041 ] FIG . 17 . Change in osmolality of borate buffers at 
80° C . 
[ 0042 ] FIG . 18 . pH of formulations at 80° C . 
[ 0043 ] FIG . 19 . Change in pH of phosphate buffers at 80° 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0044 ] FIG . 20 . Change in pH of borate buffers at 80° C . 
DETAILED DESCRIPTION OF THE 

DISCLOSURE 
[ 0045 ] 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 pharmaceu 
tically acceptable salt thereof , propylene glycol ( PG ) and at 
least one cyclic oligosaccharide , such as at least one cyclo 
dextrin ( CD ) , are also provided . The compositions are used 
to prevent and / or treat a wide variety of diseases and 
conditions , such as hyperlipidemia , ischemia , sepsis , heart 
disease , and organ failure . 

[ 0024 ] The present invention is further described in the 
description of invention that follows , in reference to the 
noted plurality of non - limiting drawings , wherein : 
10025 ] . FIG . 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 
( HPLCD ) and sulfobutyl ether beta cyclodextrin ( SBECD ) 
concentrations ( mg / mL ) in water . 
100261 . FIG . 2 shows the solubility of 25HC3S ( moles ) as 
a function of HPLCD and SBECD ( moles ) . 
[ 0027 ] FIG . 3 . Effects of 25HC3S on mortality in mice 
overdosed with APAP ( 600 mg / kg ) . 
[ 0028 ] FIGS . 4A - 4D . Effects of 25HC3S on liver function 
in mice overdosed with APAP ( 350 mg / 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 . 
[ 0029 ] FIGS . 5A - 5D . 25HC3S treatment regulates mRNA 
expression of hepatic apoptosis - related genes in APAP over 
dosed 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 indi 
cated . 
[ 0030 ] FIGS . 6A and 6B . Effects of 25HC3S on mitochon 
drial membrane potential in Huh7 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 in terms of 25HC3S 
concentration . Data represent the mean SD for three inde 
pendent experiments and is presented as percentage of 
control ( CNT ) . CNT / DMSO : control group with vehicle ; 
APAP / DMSO : cells were treated with 10 mM APAP only ; 
APAP / 12 . 5 : cells were pretreated with 12 . 5 UM 25HC3S for 
2 hr and then incubated with 10 mM APAP before assay ; 
APAP / 25 : cells were pretreated with 25 uM 25HC3S for 2 
hr and then incubated with 10 mM APAP before assay ; 
APAP / 50 : cells were pretreated with 50 uM 25HC3S for 2 
hr and then incubated with 10 mM APAP before assay ; 
APAP / 100 : cells were pretreated with 100 uM 25HC3S for 
2 hr and then incubated with 10 mM APAP before assay . * * , 
P < 0 . 01 vs . APAP / DMSO group . 
[ 0031 ] FIG . 7 . Erythema ( redness ) of back skin of mice 
treated with 25HC3S solution , solution vehicle , 25HC3S 
suspension , or suspension vehicle . 

Definitions 
[ 0046 ] The following definitions are used throughout : 
[ 0047 ] As used herein , “ at least one ” means one , two , 
three , four , or more . 
[ 0048 ] The compositions described herein include 5 - cho 
lesten - 3 , 25 - diol , 3 - sulfate ( 25HC3S ) or pharmaceutically 
acceptable salt thereof . Disclosure of 25HC3S or pharma 
ceutically acceptable salt thereof is found in , e . g . , U . S . Pat . 
No . 8 , 399 , 441 , which is incorporated herein by reference in 
its entirety . 
[ 0049 ] The 25HC3S or pharmaceutically acceptable salt 
thereof is typically a synthetic version of 25HC3S that 
occurs naturally in the body . The 25HC3S or pharmaceuti 
cally 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 thereof in the blood or plasma of a patient that is treated 
with 25HC3S or pharmaceutically acceptable salt thereof is 
generally greater than about 5 ng / ml , and generally ranges 



US 2019 / 0269695 A1 Sep . 5 , 2019 

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 . 
[ 0050 ] In one aspect , the 25HC3S is of formula 

HO . 

HO2SO 

and / or a pharmaceutically acceptable salt thereof . 
[ 0051 ] In one aspect , the 25HC3S is 5 - cholesten - B , 
25 - diol , 3 - sulfate of formula 

HO . 

tillit 

HO2SO 

and / or a pharmaceutically acceptable salt thereof . 
[ 0052 ] An oligosaccharide is a saccharide polymer con 
taining 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 oligosaccha 
ride ” 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 . 
[ 0053 ] “ Cyclodextrin " ( " CD " ) refers to a family of syn 
thetic 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 is hydrophilic , and therefore they are usually soluble 
in water , but the cavity has a lipophilic character . 
[ 0054 ] The most common cyclodextrins are a - cyclodex 
trin , ß - cyclodextrin and y - cyclodextrin , consisting of 6 , 7 , 
and 8 a - 1 , 4 - linked glucose units , respectively . The number 
of these units determines the size of the cavity . Cyclodex 
trins typically comprise 5 or more a - D - glucopyranoside 
units linked 1 - 4 , as in amylose . Typical cyclodextrins con 
tain 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 - glu 
copyranoside units . Cyclodextrins suitable for medical pur 
poses are readily commercially available . Cyclodextrins 
include salts of cyclodextrins . 

[ 0055 ] Various derivatives of CDs may also be employed , 
including but not limited to : chloramphenicol / methyl - B - CD ; 
highly water - soluble , randomly substituted hydroxyalkyl 
derivatives of ß - and y - CD such as 2 - hydroxypropyl - ß 
cyclodextrin and 2 - hydroxypropyl - y - cyclodextrin ; sul 
foalkyl ether CDs such as sulfobutylether B - cyclodextrin ; 
lipid substituted CDs ; dimethyl - B - CD , randomly methylated 
B - CD , and the like . In some aspects , the cyclodextrin is 
B - cyclodextrin or sulfobutyl ether B - cyclodextrin . 
[ 0056 ] Common cyclodextrin derivatives are formed by 
alkylation ( e . g . , methyl - and ethyl - L - cyclodextrin ) or 
hydroxyalkylation of the hydroxyl groups hydroxypropyl 
and hydroxyethyl - derivatives of a - , B - , and y - cyclodextrin ) 
or by substituting the primary hydroxyl groups with saccha 
rides ( e . g . glucosyl - and maltosyl - 3 - cyclodextrin ) . For 
instance , cyclodextrin derivatives include cyclodextrins that 
are alkyl substituted , hydroxyalkyl substituted , sulfoalkyl 
ether substituted , or alkyl ether substituted , such as those in 
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 - ß - cyclodextrin and its preparation by pro 
pylene oxide addition to B - cyclodextrin , and hydroxyethyl 
B - cyclodextrin and its preparation by ethylene oxide addi 
tion to B - cyclodextrin , were described in a patent of Gram 
era et al . ( U . S . Pat . No . 3 , 459 , 731 , issued August 1969 ) over 
20 years ago . For a comprehensive review of cyclodextrins 
see Cyclodextrins and their industrial uses , editor Domi 
nique Duchene , Editions Sante , Paris , 1987 . For a more 
recent overview , see J . Szejtli : Cyclodextrins in drug for 
mulations : Part 1 , Pharm . Techn . Int . 3 ( 2 ) , 15 - 22 ( 1991 ) ; and 
J . Szejtli : Cyclodextrins in drug formulations : Part II , 
Pharm . Techn . Int . 3 ( 3 ) , 16 - 24 ( 1991 ) . 
[ 0057 ] Cyclodextrins approved for parenteral applications 
include two ß - cyclodextrins ( hydroxypropyl B - cyclodextrin 
" HPLCD ” , also known as hydroxypropyl betadex and sul 
fobutyl ether B - cyclodextrin “ SBECD ” ) , a - cyclodextrin and 
y - cyclodextrin . HPCD and other cyclodextrins are also 
approved for oral , topical , dermal , sublingual , buccal , eye 
drops , and nasal routes . 
[ 0058 ] While not wishing to be bound by theory , the 
stability of the resulting complex depends on how well the 
guest molecule fits into the cyclodextrin cavity . Cyclodex 
trins have previously been used to increase the solubility , 
dissolution rate and / or stability of some compounds . How 
ever , there are also many drugs for which cyclodextrin 
complexation is not possible or is otherwise incapable of 
conferring beneficial properties . As with other formulation 
strategies , the ability of cyclodextrin to confer beneficial 
properties on a particular drug is difficult to predict ab initio . 
[ 0059 ] “ Propylene glycol ” or “ a - propylene glycol ” or 
" propane - 1 , 2 - diol ” or simply " PG ” refers to an organic 
compound with the chemical formula C3H2O2 . Propylene 
glycol suitable for medical purposes is readily commercially 
available . 



US 2019 / 0269695 A1 Sep . 5 , 2019 

instances , the complete eradication , of at least one symptom 
of the disease that was present prior to or at the time of 
administration of the composition . Thus , for example , treat 
ment of ALF includes treating damage associated with ALF . 

Apap Overdose : 

Prevent and Treat 
[ 0060 ] As used herein , “ prophylactically treat ” ( prophy 
lactic treatment ” , “ prophylactically treating ” etc . ) and “ pre 
vent ” ( prevention ” , “ preventing ” etc . ) refer to warding off 
or averting the occurrence of at least one symptom of a 
disease or unwanted condition ( such as ALF or another 
disease or condition described herein ) , by prophylactic 
administration of a composition comprising 25HC3S or 
pharmaceutically acceptable salt thereof and at least one 
cyclic oligosaccharide , e . g . , at least one CD , to a subject in 
need thereof . Generally , “ prophylactic ” or “ prophylaxis ” 
relates to a reduction in the likelihood of the patient devel 
oping a disorder . Typically , the subject is considered by one 
of skill in the art to be at risk of or susceptible to developing 
at least one symptom of the disease or unwanted condition , 
or is considered to be likely to develop at least one symptom 
of the disease / condition in the absence of medical interven 
tion . Generally , however , for “ prevention ” or “ prophylactic 
treatment ” , administration occurs before the subject has , or 
is known or confirmed to have , symptoms of the disease 
( condition , disorder , syndrome , etc . , unless otherwise indi 
cated , these terms are used interchangeably herein ) . In other 
words , symptoms may not yet be overt or observable . The 
subject may be considered at risk due to a variety of factors , 
including but not limited to : genetic predisposition ; an 
impending medical or surgical procedure ( e . g . surgery , use 
of a contrast dye in imaging , chemotherapy , etc . ) ; recent 
certain or suspected or unavoidable future exposure to a 
toxic agent ( e . g . a toxic chemical or medication , radiation , 
etc . ) ; or exposure to or experience of another stressor or 
combination of stressors that is / are linked to or associated 
with the development of the disease / condition which is 
being prevented . For example , in some aspects , what is 
prevented is organ dysfunction / failure ( e . g . ALF ) , and the 
subject may already display symptoms of a potential pre 
cursor of organ dysfunction / failure , for example , ischemia , 
sepsis , a harmful or inappropriate level of inflammation , 
deleterious cell death , necrosis , etc . In such aspects , treat 
ment of the subject may prevent the noxious or harmful 
effects or outcomes ( results ) of the precursor condition , for 
example , the treatment may prevent death . “ Prevention ” or 
" prophylactic treatment ” of a disease or condition may 
involve completely preventing the occurrence of detectable 
symptoms , or , alternatively , may involve lessening or 
attenuating the degree , severity or duration of at least one 
symptom of the disease that would occur in the absence of 
the medical interventions provided herein . Alternatively , the 
subject may be experiencing early stage symptoms and what 
is prevented is the progression to more severe or full - blown 
disease . 
[ 0061 ] " Treat ” ( treatment , treating , etc . ) as used herein 
refers to administering at least one composition comprising 
25HC3S or pharmaceutically acceptable salt thereof and at 
least one cyclic oligosaccharide , e . g . , CD , to a subject that 
already exhibits at least one symptom of a disease . In other 
words , at least one parameter that is known to be associated 
with the disease has been measured , detected or observed in 
the subject . For example , some organ dysfunction / failure 
and / or precursors thereof that are treated as described herein 
are caused by somewhat predictable factors ( e . g . APAP 
overdose ) , or by unexpected causes such as trauma due to 
accidents ( recreational and non - recreational ) , war injuries , 
undiagnosed allergies or other risk factors , etc . “ Treatment ” 
of a disease involves the lessening or attenuation , or in some 

[ 0062 ] Generally , a serum plasma concentration of APAP 
of 140 - 150 microgram / mL ( or milligrams / L ) at 4 hours post 
ingestion , on the Rumack - Matthew nomogram , indicates the 
need for APAP overdose treatment . The Rumack - Matthew 
nomogram is a logarithmic graph starting not directly from 
ingestion , but from 4 hours post ingestion after absorption is 
considered likely to be complete . However , the nomogram 
is not used alone if the patient has altered mental status ( e . g . 
is suicidal ) or if the history is not reliable . Rather , a second 
level is drawn and plotted to see if the slope of the line 
remains at or above the nomogram . A formal half - life may 
also be determined , e . g . by measuring APAP blood levels at 
time ( t = 0 ) ( upon admission of the patient ) and at time ( t = 4 
hrs ) . If the half - life is more than 4 hours , then treatment is 
likely necessary to prevent hepatotoxicity and liver failure . 
However , treatment may be undertaken at lower blood 
plasma levels if deemed warranted , e . g . in a child or the 
elderly , as some persons are especially sensitive to APAP . 
Generally , if more than 4000 mg of APAP is ingested in a 24 
hour period , an overdose might be suspected . Ingestion of 
7000 mg or more can lead to a severe overdose if not treated . 
Symptoms of an overdoes include : abdominal pain , appetite 
loss , coma , convulsions , diarrhea , irritability , jaundice , nau 
sea , sweating , upset stomach , and vomiting , each of which 
may be prevented or treated by administration of the com 
positions described herein . 

Compositions 
[ 0063 ] The compositions described herein generally com 
prise 25HC3S or pharmaceutically acceptable salt thereof , at 
least one cyclic oligosaccharide , e . g . , CD and , in some 
aspects , PG . In some aspects , the 25HC3S or pharmaceuti 
cally acceptable salt thereof is present in the composition in 
an amount ranging from about 0 . 01 to about 75 % ( w / w ) , 
e . g . , about 0 . 1 to about 50 % ( w / w ) , about 1 to about 25 % 
( w / w ) , about 2 to about 20 % ( w / w ) , or about 3 to about 10 % 
( w / w ) . 
[ 0064 ] If the 25HC3S or pharmaceutically acceptable salt 
thereof is present in a liquid , lotion , or cream composition 
( including liquid solutions , suspensions , such as liquid sus 
pensions , lotions , creams , etc . ) , the concentration of the 
25HC3S or pharmaceutically acceptable salt thereof gener 
ally ranges from about 0 . 01 to about 200 mg / ml , or from 
about 0 . 1 to 100 mg / ml , and is generally from about 1 to 
about 50 mg / ml , e . g . is about 1 , 5 , 10 , 15 , 20 , 25 , 30 , 35 , 40 , 
45 , or 50 mg / ml . 
[ 0065 ] If the 25HC3S or pharmaceutically acceptable salt 
thereof is present in a solid or semi - solid composition ( e . g . , 
a gel or other solidified preparation ) , the concentration of the 
25HC3S or pharmaceutically acceptable salt thereof gener 
ally ranges from about 0 . 01 to about 75 % ( w / w ) or from 
about 0 . 1 to about 50 % ( w / w ) , and is generally from about 
1 to about 25 % ( w / w ) , e . g . is about 1 , 5 , 10 , 15 , 20 , 25 , 30 , 
35 , 40 , 45 , or 50 % ( w / w ) . 
100661 If the 25HC3S or pharmaceutically acceptable salt 
thereof is present in a lyophilized solid composition , the 
concentration of the 25HC3S or pharmaceutically accept 
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able salt thereof generally ranges from about 0 . 01 to about 
75 % ( w / w ) , about 0 . 1 to about 50 % ( w / w ) , and is generally 
from about 1 to about 15 % ( w / w ) , e . g . is about 1 , 2 , 3 , 4 , 5 , 
6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , or 15 % ( w / w ) . 
[ 0067 ] In some aspects , at least one cyclic oligosaccharide 
is present in the composition in an amount ranging from 
about 0 . 1 % ( w / w ) to about 99 % ( w / w ) , e . g . , about 0 . 1 to 
about 90 % ( w / w ) , about 1 to about 90 % ( w / w ) , about 1 to 
about 80 % ( w / w ) , about 1 to about 40 % ( w / w ) , about 2 to 
about 50 % ( w / w ) , about 3 to about 40 % ( w / w ) , or about 4 
to about 30 % ( w / w ) . In some aspects , at least one cyclic 
oligosaccharide is present in a solution product in a range 
from about 1 to about 65 % ( w / v ) , e . g . about 1 , 2 , 3 , 4 , 5 , 10 , 
20 , 30 or 40 % ( w / v ) . In some aspects , the amount is 25 % 
( w / v ) . In some aspects , at least one cyclic oligosaccharide is 
present in a lyophilized solid product ( e . g . for reconstitution ) 
in a range from about 1 to about 90 % ( w / w ) , e . g . about 1 , 5 , 
10 , 40 , 50 , 60 , 70 , 80 or 90 % ( w / w ) . In some aspects , the 
amount is 89 % ( w / w ) . In some aspects , at least one cyclic 
oligosaccharide is present in a solid product for administra 
tion in a range from about 1 to about 90 % ( w / w ) , e . g . about 
1 , 5 , 10 , 40 , 50 , 60 , 70 , 80 or 90 % ( w / w ) . In some aspects , 
the amount is 89 % ( w / w ) . 
10068 ] In some aspects , CD is present in the composition 
in an amount ranging from about 0 . 1 % ( w / w ) to about 99 % 
( w / w ) , e . g . , about 0 . 1 to about 90 % ( w / w ) , about 1 to about 
90 % ( w / w ) , about 1 to about 80 % ( w / w ) , about 1 to about 
40 % ( w / w ) , about 2 to about 50 % ( w / w ) , about 3 to about 
40 % ( w / w ) , or about 4 to about 30 % ( w / w ) . In some aspects , 
CD is present in a solution product in a range from about 1 
to about 65 % ( w / v ) , e . g . about 1 , 2 , 3 , 4 , 5 , 10 , 20 , 30 or 40 % 
( w / v ) . In some aspects , the amount is 25 % ( w / v ) . In some 
aspects , CD is present in a lyophilized solid product ( e . g . for 
reconstitution ) in a range from about 1 to about 90 % ( w / w ) , 
e . g . about 1 , 5 , 10 , 40 , 50 , 60 , 70 , 80 or 90 % ( w / w ) . In some 
aspects , the amount is 89 % ( w / w ) . In some aspects , CD is 
present in a solid product for administration in a range from 
about 1 to about 90 % ( w / w ) , e . g . about 1 , 5 , 10 , 40 , 50 , 60 , 
70 , 80 or 90 % ( w / w ) . In some aspects , the amount is 89 % 
( w / w ) . 
[ 0069 ] In some aspects , PG is present in the compositions 
in a range of from about 10 to about 40 % ( v / v ) , e . g . is about 
10 , 15 , 20 , 25 , 30 , 35 or 40 % ( v / v ) . In some aspects , the 
amount is 20 % ( v / v ) . 
10070 ] The compositions are generally administered in a 
pharmaceutically acceptable formulation which includes 
suitable excipients , elixirs , binders , and the like ( generally 
referred to as “ pharmaceutically and physiologically accept 
able carriers ” ) , which are pharmaceutically acceptable and 
compatible with the active ingredients . Drug carriers may 
also be used to improve the pharmacokinetic properties , 
specifically the bioavailability , of many drugs with poor 
water solubility and / or membrane permeability . 
10071 ] In some aspects , the composition contains a phar 
maceutically acceptable buffer , or buffers , such as phos 
phate , acetate , ammonia , borate , citrate , carbonate , glycine , 
lactate , lysine , maleic , succinate , tartrate or tromethamine . 
In some aspects , the buffer concentrations in the composi 
tion range from about 0 . 1 to about 200 mM , in some aspects 
they range from about 1 to about 50 mM , and in some 
aspects , they range from about 5 to about 15 mM . 
[ 0072 ] In some aspects , the compositions include one or 
more thickening agents . Exemplary thickening agents 
include but are not limited to : polyethylene glycol , polyeth 

ylene oxide , synthetic polymers and vegetable gums ; cellu 
lose derivatives ( methylcellulose ( MC ) , carboxymethylcel 
lulose ( CMC ) , hydroxypropylcellulose , hydroxypropyl 
methylcellulose ) , carbomers ( polyacrylic acids such as Car 
bopol® 910 , Carbopol® 941 ) , cetearyl alcohol , magnesium 
aluminum silicate , acryloyldimethyl taurate copolymer , 
various multipblock copolymers , poloxamers ( Pluronic® ) , 
various carboxylic acid polymers ( e . g . acrylates ) , sulfonated 
polymers ( e . g . sodium polyacryloyldimethyl taurate ) , clays , 
silicon dioxide , and copolymers , hydrophobically modified 
derivatives , and mixtures thereof . Gums , including natural 
gums , include acacia , agar , algin , alginic acid , ammonium 
alginate , amylopectin , calcium alginate , calcium carra 
geenan , carnitine , carrageenan , dextrin , gelatin , gellan gum , 
guar gum , guar hydroxypropyltrimonium chloride , hecto 
rite , hyaluroinic acid , hydrated silica , fumed silica , hydroxy 
propyl chitosan , hydroxypropyl guar , karaya gum , kelp , 
locust bean gum , natto gum , potassium alginate , sodium 
alginate , potassium carrageenan , propylene glycol alginate , 
sclerotium gum , sodium carboxymethyl dextran , sodium 
carrageenan , tragacanth gum , xanthan gum , derivatives 
thereof and mixtures thereof . In some aspects , the thickening 
agent is one or more of polyacrylic acid , polyacrylic acid 
crosslinked with allyl sucrose ( a Carbopol® ) , polyacrylic 
acid crosslinked with allyl pentaerythritol ( a Carbopol® ) , 
polyacrylic acid and C10 - C30 alkyl acrylate crosslinked 
with allyl pentaerythritol ( a Carbopol® ) , poly ( ethylene gly 
col ) - block - poly ( propylene glycol ) - block - poly ( ethylene gly 
col ) ( Lutrol® F127 ) or poloxamer 188 ( Pluronic? F68 ) . In 
some aspects , the thickening agent ( s ) include a surfactant 
such as a non - ionic surfactant and / or an amphiphilic surfac 
tant . In some aspects , the thickening agent ( s ) include poly 
acrylic acid , polyacrylic acid crosslinked with allyl sucrose , 
polyacrylic acid crosslinked with allyl pentaerythritol , poly 
acrylic acid and C10 - C30 alkyl acrylate crosslinked with 
allyl pentaerythritol , poly ( ethylene glycol ) - block - poly ( pro 
pylene glycol ) - block - poly ( ethylene glycol ) , poloxamer , cel 
lulose derivative , methylcellulose , carboxymethylcellulose , 
and carbomer . Thickening agents include poloxamers , e . g . 
those 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 % . In some aspects , the 
poloxamer is poloxamer 188 . In some aspects , the compo 
sitions described herein include one or more pH adjusters , 
e . g . at a wt % of from about 0 . 5 to 4 , based on the weight 
of the composition . Exemplary pH adjusters include but are 
not limited to : adipic acid , aliphatic amine neutralizing 
agents ( ethanolamine , triethanolamine , diisopropa 
nolamine ) , alpha - ketoglutaric acid , 2 - amino - 2 - methyl - 1 , 3 
propanediol , 2 - amino - 2 - methyl - 1 - propanol , 1 - amino - 2 - pro 
panol , ammonium bicarbonate , ammonium phosphate , 
ascorbic acid , benzoic acid , calcium citrate , calcium hydrox 
ide , citric acid , phosphoric acid , tartaric acid , sodium 
hydroxide , a phosphate , monobasic sodium phosphate , a 
carbonate , an acetate , sodium hydroxide , potassium hydrox 
ide , trolamine , and the like . In some aspects , trolamine is 
used to adjust the pH . 
[ 0073 ] In some aspects , the compositions described herein 
include one or more emollients . Emollients are supple , 
waxlike , lubricating , thickening agent that prevents water 
loss and have a softening and soothing effect on skin . 
Examples of emollients are ingredients like plant oils , min 
eral oil , shea butter , cocoa butter , petrolatum , and fatty acids 
( animal oils , including emu , mink , and lanolin , the latter 
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probably the one ingredient that is most like our own skin ' s 
oil ) . More technical - sounding emollient ingredients , such as 
triglycerides , benzoates , myristates , palmitates , and stear 
ates , are generally waxy in texture and appearance but 
provide most moisturizers with their elegant texture and 
feel . 
10074 ) Exemplary emollients for use in aqueous lotion 
compositions having a low pH and increased spreading and 
slip characteristics include , but are not limited to , soy 
lecithin , C12 - C15 alkyl benzoate , stearic acid , white wax , 
yellow wax , carnauba wax , cetyl ester wax , microcrystalline 
wax , paraffin wax , caprylic / capric triglyceride , glycerin , 
glyceryl stearate , PEG - 10 sunflower oil glycerides ; veg 
etable oils like sunflower oil , palm oil , olive oil , emu oil , 
babassu oil , evening primrose oil , palm kernel oil , cotton 
seed oil , jojoba oil , meadowfoam seed oil , sweet almond oil , 
canola oil , soybean oil , avocado oil , safflower oil , coconut 
oil , sesame oil , rice bran oil , and grape seed oil ; mineral oil ; 
esters like isopropyl stearate , isostearyl isononanoate , dieth 
ylhexyl fumarate , diisostearyl malate , triisocetyl citrate , 
stearyl stearate , diglycol stearate , methyl palmitate , and 
methylheptyl isostearate ; petrolatum ; hydrous lanolin , lano 
lin oil , lanolin alcohol , and lanolin wax ; long chain alcohols 
like cetyl alcohol , stearyl alcohol , behenyl alcohol , isoste 
aryl alcohol , 2 - hexyldecanol and myristyl alcohol ; dimethi 
cone fluids of various molecular weights and mixtures 
thereof ; PPG - 15 stearyl ether ( also known as arlatone E ) ; 
shea butter ; olive butter ; sunflower butter ; coconut butter ; 
jojoba butter ; cocoa butter ; squalane and squalene ; isopar 
affins ; polyethylene glycols of various molecular weights ; 
polypropylene glycols of various molecular weights ; and 
mixtures thereof . In some aspects , the emollient is a poly 
sorbate ( e . g . Tween® ) and / or a sorbitan ester such as a 
Span® ( e . g . sorbitan monolaurate . Span® 20 ) . In some 
aspects , the emollient is present in the composition in an 
amount ranging , for example , from about 2 wt % to about 10 
wt % . 
[ 0075 ] In additional aspects , the compositions described 
herein include one or more preservatives . Exemplary pre 
servatives include but are not limited to : imidurea , acids 
such as benzoic acid , sorbic acids , boric acids , etc ; esters 
such as methylparaben , ethylparaben , propylparaben , butyl 
paraben , sodium benzoate , sodium propionate , potassium 
sorbate , etc . ; alcohols such as chlorobutanol , benzyl alcohol , 
phenyl ethyl alcohol , etc . ; phenols such as phenol , chloro 
cresol , o - phenyl phenol , phenoxyethanol , etc . ; mercurial 
compounds such as thiomersal , nitromersol , phenylmercuric 
nitrate , phenylmercuric acetate , etc . ; and quaternary ammo 
nium compounds such as benzalkonium chloride , cetyl 
pyridinium chloride , etc . and combination of these , e . g . a 
combination of methylparaben and propylparaben . 
[ 0076 ] The 25HC3S and cyclic oligosaccharide , e . g . , CD , 
may be present in the formulation as pharmaceutically 
acceptable salts ( e . g . alkali metal salts such as sodium , 
potassium , calcium or lithium salts , ammonium , etc . ) or as 
other complexes . It should be understood that the pharma 
ceutically acceptable formulations include solid , semi - solid , 
and liquid materials conventionally utilized to prepare solid , 
semi - solid and liquid dosage forms such as tablets , capsules , 
creams , lotions , ointments , gels , foams , pastes , aerosolized 
dosage forms , and various injectable forms ( e . g . forms for 
intravenous administration ) , etc . 
[ 0077 ] Suitable pharmaceutical carriers include but are not 
limited to inert solid diluents or fillers , sterile aqueous 

solutions and various organic solvents for parenteral use , 
such as polyethylene glycol ( PEG , such as PEG 300 and 
PEG 400 ) , ethanol , benzyl alcohol , benzyl benzoate , pro 
pylene glycol , N , N - dimethylacetamide , N - methyl - 2 - pyrroli 
done , vegetable oils ( sesame , soybean , corn , castor , cotton 
seed , and peanut ) and glycerin . Examples of solid carriers 
( diluents , excipients ) include lactose , starch , conventional 
disintegrating agents , coatings , lactose , terra alba , sucrose , 
talc , gelatin , agar , pectin , acacia , magnesium stearate , stearic 
acid and lower alkyl ethers of cellulose . Examples of liquid 
carriers include but are not limited to various aqueous or oil 
based vehicles , saline , dextrose , glycerol , ethanol , isopro 
panol , phosphate buffer , syrup , peanut oil , olive oil , phos 
pholipids , fatty acids , fatty acid amines , polyoxyethylene , 
isopropyl myristate , ethyl cocoate , octyl cocoate , polyoxy 
ethylenated hydrogenated castor oil , paraffin , liquid paraffin , 
propylene glycol , celluloses , parabens , stearyl alcohol , poly 
ethylene glycol , isopropyl myristate , phenoxyethanol , and 
the like , or combinations thereof . Water may be used as the 
carrier for the preparation of compositions which may also 
include conventional buffers and agents to render the com 
position isotonic . Oral dosage forms may include various 
thickeners , flavorings , diluents , emulsifiers , dispersing aids , 
binders , coatings and the like . The composition of the 
present disclosure may contain any such additional ingre 
dients so as to provide the composition in a form suitable for 
the intended route of administration . In addition , the com 
position may contain minor amounts of auxiliary substances 
such as wetting or emulsifying agents , pH buffering agents , 
and the like . Similarly , the carrier or diluent may include any 
sustained release material known in the art , such as glycerol 
monostearate or glycerol distearate , alone or mixed with 
wax . Other potential additives and other materials ( prefer 
ably those which are generally regarded as safe [ GRAS ] ) 
include : colorants ; flavorings ; surfactants ( e . g . , non - ionic 
surfactants including polysorbate ( such as TWEEN®20 , 40 , 
60 , and 80 polyoxyethylene sorbitan monolaurate ) , sorbitan 
esters ( such as Span 20 , 40 , 60 , and 85 ) , and poloxamers 
( such as Pluronic® L44 , Pluronic® F68 , Pluronic® F87 , 
Pluronic® F108 and Pluronic® F127 ) ; zwitterionic surfac 
tant such as lecithin ; anionic surfactants such as sodium 
dodecyl sulphate ( SDS ) and sulphated castor oil ; and cat 
ionic surfactants such as benzalkonicum chloride and cet 
rimide . Surfactants include polyoxyl 35 castor oil ( Cremo 
phor® EL ) , polyoxyl 40 hydrogenated castor oil 
( Cremophor® RH 40 ) , polyoxyl 60 hydrogenated castor oil 
( Cremophor® RH 60 ) , d - a - tocopheryl polyethylene glycol 
1000 succinate ( TPGS ) , poly - oxyethylene esters of 12 - hy 
droxystearic acid ( Solutol® HS - 15 ) , PEG 300 caprylic / 
capric glycerides ( Softigen® 767 ) , PEG 400 caprylic / capric 
triglycerides ( Labrafil® M - 1944CS ) , PEG 300 linoleic glyc 
erides ( Labrafil® M - 2125CS ) , polyoxyl 8 stearate ( PEG 400 
monostearate ) , polyoxyl 40 stearate ( PEG 1750 monostear 
ate ) , peppermint oil , oleic acid , etc . ) ; and solvents , stabiliz 
ers , binders or encapsulants ( lactose , liposomes , etc . ) . Pre 
servatives such as benzyl alcohol , phenol , chlorobutanol , 
2 - ethoxyethanol , methyl paraben , ethyl paraben , propyl 
paraben , benzoic acid , sorbic acid , potassium sorbate , chlo 
rhexidine , 3 - cresol , thimerasol , phenylmercurate salts , 
sodium benzoate , cetrimonium bromide , benzethonium 
chloride , alkyltrimethylammonium bromide , cetyl alcohol , 
steryl alcohol , chloroactamide , trichlorocarban , bronopol , 
4 - chlorocresol , 4 - chloroxylenol , hexachloropherene , dichlo 
rophene , or benzalkium chloride may also be used . Depend 



US 2019 / 0269695 A1 Sep . 5 , 2019 

ing on the formulation , it is expected that the active com - 
ponents ( e . g . 25HC3S or pharmaceutically acceptable salt 
thereof ) will each be present at about 1 to about 99 % ( w / w ) 
of the composition and the vehicular “ carrier ” will constitute 
about 1 to about 99 % ( w / w ) of the composition . The 
pharmaceutical compositions of the present disclosure may 
include any suitable pharmaceutically acceptable additives 
or adjuncts to the extent that they do not hinder or interfere 
with the therapeutic effect ( s ) of the composition . Still other 
suitable formulations for use in the present disclosure can be 
found , for example in Remington ' s Pharmaceutical Sciences 
22nd edition , Allen , Loyd V . , Jr editor ( September 2012 ) ; 
and Akers , Michael J . Sterile Drug Products : Formulation , 
Packaging , Manufacturing and Quality ; publisher Informa 
Healthcare ( 2010 ) . 
[ 0078 ] The compositions generally have a pH that is 
physiologically compatible , e . g . in the range of from about 
4 to about 8 . 5 , e . g . about 4 , 4 . 5 , 5 . 0 , 5 . 5 , 6 . 0 , 6 . 5 , 7 . 0 , 7 . 5 , 
8 . 0 or 8 . 5 . For internal or systemic administration , the pH is 
generally in the range of from about 6 to about 8 , and may 
be from about 7 . 4 to about 8 , e . g . about 7 . 4 , 7 . 5 , 7 . 6 , 7 . 7 , 7 . 8 , 
7 . 9 or 8 . 0 . For topical administration , the pH may be lower 
to approximately the pH of skin ( 5 . 5 ) , e . g . in the range of 
from about 4 - 7 , or about 5 to about 6 , e . g . 5 . 1 , 5 . 2 , 5 . 3 , 5 . 4 , 
5 . 5 , 5 . 6 , 5 . 7 , 5 . 8 , 5 . 9 or 6 . 0 . 
[ 0079 ] In addition , formulations used for the treatment of 
ALF optionally also include additional suitable co - formu 
lated ( or optionally , co - administered ) agents that are used to 
e . g . combat acetaminophen toxicity , including but not lim 
ited to : metabolites of the methionine and / or glutathione 
biosynthetic pathways such as S - adenosylhomocysteine 
( SAH ) , S - methylmethionine ( SMM ) , cystine , betaine , etc . or 
various forms and / or salts thereof e . g . acetylcysteine ( e . g . 
intravenous N - acetylcysteine ) , as well as various neutraceu 
ticals , activated charcoal , etc . 
0080 ) Generally , the compositions have an osmolality of 
from about 200 to about 2000 mmol / kg , such as about 270 
to about 340 mmol / kg , e . g . about 270 , 280 , 290 , 300 , 310 , 
320 , 330 or 340 mmol / kg , so that the composition ( e . g . , 
solution ) is isotonic ( iso - osmotic ) with the blood , thereby 
decreasing pain upon injection , and precluding a need to add 
an isotonic agent . In some aspects , the compositions com 
prise about 30 mg / mL 25HC3S or pharmaceutically accept 
able salt thereof and about 250 mg / mL HPLCD in a physi 
ologically acceptable carrier such as 10 mM sodium 
phosphate buffer in water , and the isotonicity is about 320 
mmol / kg . In general , concentrations of HPbCD greater than 
250 mg / mL with higher than 30 mg / mL concentrations of 
25HC3S or pharmaceutically acceptable salt thereof lead to 
hypertonic solutions , which can cause pain upon subcuta - 
neous and intramuscular injection . However , higher drug 
and HPbCD concentrations can be prepared and diluted with 
sterile water for IV infusion . Conversely , concentrations of 
HPbCD less than about 250 mg / mL with less than about 30 
mg / mL concentrations of 25HC3S or pharmaceutically 
acceptable salt thereof may benefit from the addition of an 
isotonic agent , such as sodium chloride or mannitol , to bring 
the isotonicity into an expected range for a parenteral dosage 
form . The manufacture of exemplary compositions is 
described in Examples 1 and 2 below . 
[ 0081 ] The compositions are typically administered as 
liquid solutions , suspensions , emulsions , etc . or liquids 
suitable for injection and / or intravenous administration ; 
various controlled release formulations ; or as a cream or 

lotion ; and the like . Solid forms suitable for administration , 
or for solution in , or suspension in , liquids prior to admin 
istration , are also encompassed . 
[ 0082 ] Controlled release refers to the presentation or 
delivery of compounds in response to time or a stimulus , and 
commonly refers to time dependent release in oral dose 
formulations . Controlled release has several variants such as 
sustained release ( where prolonged release is intended ) , 
pulsed release ( bursts of drug are released at different times ) , 
delayed release ( e . g . to target different regions of the gas 
trointestinal tract tract ) , etc . Controlled release formulations 
may prolong drug action and maintain drug levels within a 
desired therapeutic window to avoid potentially hazardous 
peaks in drug concentration following ingestion or injection , 
and to maximize therapeutic efficiency . In addition to pills , 
capsules and injectable drug carriers ( that often have an 
additional release function ) , forms of controlled release 
medicines include gels , implants , devices and transdermal 
patches . 
[ 0083 ] In some aspects , e . g . for the treatment of acute 
ALF , the compositions are formulated for intravenous ( IV ) 
administration . In this case , the volume that is administered 
is generally greater than when other administration modes 
are used , e . g . about 50 to 1000 ml . In some aspects , 
formulations for IV infusion administration contain a lesser 
amount of cyclic oligosaccharide , e . g . , CD , e . g . about 0 . 25 
to about 25 % ( w / v ) , such as 0 . 2 , 0 . 5 , 1 . 0 , 1 . 5 , 2 . 0 , 2 . 5 , 3 , 
3 . 0 . 5 , 4 . 0 , 4 . 5 , 5 , 10 , 15 , 20 , 25 % ( w / v ) . In such formula 
tions , the amounts of 25HC3 S or pharmaceutically accept 
able salt thereof and PG are still in the ranges described 
elsewhere herein . 
[ 0084 ] In contrast , for compositions that are used for 
intramuscular or intraperitoneal injection , the volume of 
liquid that is used to deliver a dose is typically much lower , 
e . g . from about 0 . 5 to about a 10 ml maximum . For such 
formulations , the amounts of cyclic oligosaccharide , e . g . , 
CD , may be greater , e . g . from about 2 to about 40 % ( w / v ) , 
such as about 2 , 5 , 10 , 15 , 20 , 25 , 30 , 35 or 40 % ( w / v ) . 
Exemplary Diseases / Conditions that are Prevented and / or 
Treated 

Organ Dysfunction and Failure 
0085 ] In some aspects , methods for preventing and / or 
treating organ or organ system failure are provided . The 
methods include contacting an organ of interest ( e . g . the 
liver ) with a composition as described herein . If the organ of 
interest is within a patient ( in vivo ) , then contact generally 
involves administering to the patient an amount of a com 
position that is effective or sufficient to prevent and / or treat 
dysfunction and / or failure of one or more organs or organ 
systems in the patient , e . g . is therapeutically effective to 
prevent or treat at least one symptom of organ dysfunction 
or failure exhibited by the patient . 
0086 ] Methods of preventing and / or treating conditions 
which lead to , cause or are caused by , or which are associ 
ated with organ dysfunction and failure are also described , 
e . g . prevention and / or treatment of inflammation , cell death 
( e . g . necrosis ) , consequences of ischemia , sepsis , and others . 
The methods involve administering , to a subject in need 
thereof , an amount of a composition that is effective or 
sufficient to prevent and / or treat the condition . 
[ 0087 ] As used herein , “ organ ” refers to a differentiated 
and / or relatively independent body structure comprising 
cells and tissues that performs some specialized function in 
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the body of an organism . An “ organ system ” refers to two or 
more organs that work together in the execution of a body 
function . A hollow organ is an internal visceral organ 
( viscus ) that forms a hollow tube or pouch , or that includes 
a cavity . Exemplary organs , the dysfunction or failure of 
which are prevented and / or treated by the administration of 
or contact with a composition of the present disclosure , 
include but are not limited to : heart , lungs , ( e . g . , lungs 
damaged by pulmonary fibrosis , e . g . , associated with 
chronic asthma ) , liver , pancreas , kidneys , brain , intestines , 
colon , thyroid , etc . In some cases , the dysfunction or failure 
which is prevented and / or treated by the administration of 
the 25HC3S or pharmaceutically acceptable salt thereof 
involves an organ other than the liver , for example heart , 
lungs , pancreas , kidneys , brain , intestines , colon , etc . In 
general , methods and compositions described herein that 
refer to “ organs ” should also be understood to include 
" organ systems ” , unless otherwise specified . 
[ 0088 ] “ Organ dysfunction ” denotes a condition or a state 
of health where an organ does not perform its expected 
function . Organ function represents the expected function of 
the respective organ within physiologic ranges . The person 
skilled in the art is aware of the respective function of an 
organ during medical examination . Organ dysfunction typi 
cally involves a clinical syndrome in which the development 
of progressive and potentially reversible physiological dys 
function in an organ , optionally in the absence of anatomic 
injuries . 
[ 0089 ] " Organ failure ” denotes an organ dysfunction to 
such a degree that normal homeostasis cannot be maintained 
without external clinical intervention . 
( 0090 ] “ Acute organ dysfunction ” refers to reduced organ 
function that occurs rapidly - in days or weeks ( e . g . , within 
26 weeks , within 13 weeks , within 10 weeks , within 5 
weeks , within 4 weeks , within 3 weeks , within 2 weeks , 
within 1 week , within 5 days , within 4 days , within 3 days , 
or within 2 days ) usually in a person who has no pre 
existing disease . 
[ 0091 ] " Acute organ failure ” refers to loss of organ func 
tion that occurs rapidly - in days or weeks ( e . g . , within 26 
weeks , within 13 weeks , within 10 weeks , within 5 weeks , 
within 4 weeks , within 3 weeks , within 2 weeks , within 1 
week , within 5 days , within 4 days , within 3 days , or within 
2 days ) usually in a person who has no pre - existing 
disease . For instance , the term “ acute renal failure ” means a 
rapid deterioration in renal function sufficient to result in 
accumulation of waste products in the body . Acute liver 
failure is discussed in more detail below . 
10092 ] As used herein , “ ischemia ” refers to a reduction in 
blood flow to an organ . 
[ 0093 ] The terms " sepsis ” and “ septicemia ” refer to a 
morbid condition resulting from the invasion of the blood 
stream by microorganisms and their associated endotoxins . 
100941 “ Endotoxin ” refers to any harmful components of 
microbial cells such as lipopolysaccharides from the Gram 
negative bacterial cell wall , peptidoglycans from Gram 
positive bacteria , and mannan from fungal cell walls . 
10095 ] Those of skill in the art will recognize that one or 
more of organ dysfunction , organ failure , and / or one or more 
conditions which are precursors of or associated with organ 
dysfunction or failure may be comorbid , i . e . may be present 
in a subject or individual at the same time . For example , a 
subject may have active sepsis that results in organ failure . 
Thus , preventing and / or treating may overlap in that treating 

sepsis may , at the same time , prevent the occurrence of 
organ failure ; or treating ischemia may prevent or treat 
inflammation that occurs following an ischemic event , that 
would lead to organ failure but for the administration of the 
present compositions . 
[ 0096 ] In some aspects , the present disclosure thus pro 
vides compositions and methods for preventing and / or treat 
ing the dysfunction and / or failure of one or more organs or 
organ systems in a subject in need thereof by administering 
a therapeutically effective amount of a composition as 
described herein . In some aspects , the organ and / or organ 
system dysfunction and / or failure is acute , e . g . acute liver 
failure 
[ 0097 ) The methods may include administering to the 
subject a therapeutically effective or sufficient amount of at 
least one composition as described herein . The amount is 
sufficient to prevent and / or treat dysfunction of the organ ( s ) 
being treated , or to prevent and / or treat failure of the 
organ ( s ) being treated . In some aspects , the organ failure that 
is treated is Multiple Organ Dysfunction Syndrome 
( MODS ) . The methods generally include identifying or 
diagnosing subjects who are in need of such treatment , e . g . 
subjects that would benefit from such treatment e . g . due to 
being susceptible to organ dysfunction or failure , or already 
exhibiting at least one sign or symptom of organ dysfunction 
or failure . For example , the subject may be a member of a 
particular patient population such as those with disease 
resulting from acute insult ( acute organ injury resulting from 
bacterial infection , severe burns , trauma , etc . ) , or chronic 
conditions ( long - term exposure to organ - damaging medica 
tion ) , and / or from other causes which are discussed in more 
detail below . 
[ 0098 ] The patient group ( s ) addressed by the present dis 
closure can also be defined as follows . The SOFA system 
was created in a consensus meeting of the European Society 
of Intensive Care Medicine in 1994 and further revised in 
1996 . The SOFA is a six - organ dysfunction / failure score 
measuring multiple organ failure daily . Each organ is graded 
from 0 ( normal ) to 4 ( the most abnormal ) , providing a daily 
score of 0 to 24 points . The objective of the SOFA is to 
create a simple , reliable , and continuous score for clinical 
staff . Sequential assessment of organ dysfunction during the 
first few days of intensive care unit ( ICU ) or hospital 
admission is a good indicator of prognosis . Both the mean 
and highest SOFA scores are particularly useful predictors of 
outcome . 
[ 0099 ] In one aspect , the patient group pursuant to the 
disclosure is one having as a lower threshold at least one 
SOFA score , being at 1 for at least one of the clinical criteria 
of respiration , or liver , or coagulation , or cardiovascular , or 
CNS , or renal on the day of admission to hospital or 
Intensive Care Unit ( ICU ) . However , the patient may also 
have a score of 1 or 2 , or more ( e . g . 3 or 4 ) for at least one 
of the clinical criteria . Thus , said patient group is in need of 
therapeutic intervention pursuant to the present disclosure , 
and thus in need for prevention or reduction of organ 
dysfunction or organ failure , e . g . renal , liver , heart and / or 
lung organ dysfunction or organ failure . 
0100 . Independent of the initial score , generally an 
increase in SOFA score during the first 48 hours in the ICU 
or in the hospital predicts a mortality rate of at least 50 % . 
Thus , in another aspect , the patient group in need of thera 
peutic intervention for organ dysfunction / failure in accor 
dance with present disclosure is characterized by having at 
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least one SOFA score increased within the initial 48 hours 
after admission to hospital or ICU . In some aspects , the 
organ , organs or organ systems which is / are subject to 
failure comprise at least one member of the following : 
cardiovascular , respiratory , renal , haematological , neuro 
logical , gastrointestinal organs , hepatic organs , heart , liver , 
lungs , intestines , colon , kidneys , spleen , and brain . 
[ 0101 ] The present disclosure may but does not necessar 
ily provide for a therapy of healing / curing of an underlying 
or comorbid disease e . g . infections , cancer , or tumors 
located in the respective organ , but rather for resuscitating 
the respective organ towards physiologic function . Accord 
ingly , the therapy for a chronic or acute disease or acute 
condition of a patient within the scope of the present 
disclosure includes any kind of organ insufficiency , or poor 
organ function , e . g . as an acute event . 
Kidney Dysfunction and / or Failure 
[ 0102 ] Kidney disease may be acute or chronic , or even 
acute - on - chronic renal failure as discussed below . 
[ 0103 ] Acute kidney injury ( AKI , previously called acute 
renal failure ( ARF ) ) refers to an abrupt loss of kidney 
function that develops e . g . within about 7 days . AKI gen 
erally occurs because of damage to the kidney tissue caused 
by decreased renal blood flow ( renal ischemia ) from any 
cause e . g . low blood pressure , exposure to substances harm 
ful to the kidney , an inflammatory process in the kidney , or 
an obstruction of the urinary tract which impedes the flow of 
urine . Causes of acute kidney injury include accidents , 
injuries , or complications from surgeries in which the kid 
neys are deprived of normal blood flow for extended periods 
of time . Heart - bypass surgery is an example of one such 
procedure . Drug overdoses , either accidental or from chemi 
cal overloads of drugs such as antibiotics or chemotherapy , 
may also cause the onset of acute kidney injury . AKI is 
diagnosed on the basis of characteristic laboratory findings , 
such as elevated blood urea nitrogen ( BUN ) and creatinine , 
or inability of the kidneys to produce sufficient amounts of 
urine ( e . g . less than 400 mL per day in adults , less than 0 . 5 
mL / kg / h in children or less than 1 mL / kg / h in infants ) . Thus , 
the present methods may include measuring or detecting one 
or more of these parameters in a subject and , if one or more 
or the measured parameters is positive and thus indicative of 
the presence of kidney malfunction developing within about 
7 days , then diagnosing acute kidney injury and adminis 
tering a composition as described herein to the subject , as 
described herein . 
[ 0104 ] Chronic kidney disease ( CKD ) usually develops 
slowly and , initially , patients may show few symptoms . 
CKD can be the long term consequence of irreversible acute 
disease or part of a disease progression . CKD has numerous 
causes , including diabetes mellitus , long - term , uncontrolled 
hypertension , polycystic kidney disease , infectious diseases 
such as hantavirus , and certain genetic predisposition e . g . 
APOL1 gene variants . The present methods include admin 
istering a composition as described herein to a subject 
having CKD . 
[ 0105 ] In some cases , the clinical criteria denoting the 
patient group ( s ) for kidney dysfunction / failure are as fol 
lows : 

[ 0106 ] Patients at risk for kidney dysfunction / failure : 
GFR decrease > 25 % , serum creatinine increased 1 . 5 
times or urine production of < 0 . 5 ml / kg / hr for 6 hours 

[ 0107 ] Patients with present kidney injury : GFR 
decrease > 50 % , doubling of creatinine or urine pro 
duction < 0 . 5 ml / kg / hr for 12 hours 

[ 0108 ] Patients with kidney failure : GFR decrease 
> 75 % , tripling of creatinine or creatinine > 355 umol / l 
( with a rise of > 44 ) ( > 4 mg / dl ) or urine output below 
0 . 3 ml / kg / hr for 24 hours 

[ 0109 ] Patients with loss of kidney function : persistent 
acute kidney injury ( AKI ) or complete loss of kidney 
function for more than 4 weeks 

[ 0110 ] End - stage renal disease : complete loss of kidney 
function for more than 3 months . 

[ 0111 ] Contrast and enhancing dyes used for various types 
of imaging , especially iodine containing dyes , are also 
known to cause kidney damage , especially in susceptible 
populations such as the elderly , diabetics , those who already 
have some form of kidney impairment , etc . Contrast - in 
duced nephropathy is defined as either a greater than 25 % 
increase of serum creatinine or an absolute increase in serum 
creatinine of 0 . 5 mg / dL in the wake of administration of a 
dye e . g . for X - rays or computed tomography ( CT ) scans . 
Iodine containing dyes include but are not limited to iohexol , 
iodixanol and ioversol , as well as other ionic iodine dyes 
such as Diatrizoate ( Hypaque 50 ) , Metrizoate ( Isopaque 
370 ) , and Ioxaglate ( Hexabrix ) ; and non - ionic contrast 
media such as Iopamidol ( Isovue® 370 ) , Iohexol ( Omni 
paque 350 ) , loxilan ( Oxilan® 350 ) , Iopromide ( Ultravist® 
370 ) , and lodixanol ( Visipaque 320 ) . The compositions 
described herein can prevent or lessen the impact of such 
dyes when administered , for example , before administration 
of the dye , and / or concomitantly with the dye and / or after 
dye administration to maintain kidney values at a normal 
level in spite of exposure to the dye , or to facilitate or speed 
the return of those values to safe , normal ranges after dye 
administration . 
Liver Dysfunction and / or Failure 
[ 0112 ] An exemplary aspect of the present disclosure 
involves the treatment of acute liver failure , especially acute 
liver failure caused by necrosis . Acute liver failure involves 
the rapid development of hepatocellular dysfunction , spe 
cifically coagulopathy and mental status changes ( encepha 
lopathy ) in a patient without known prior liver disease . This 
malady embraces a number of conditions whose common 
thread is severe injury of hepatocytes and / or massive necro 
sis e . g . loss of function of 80 - 90 % of liver cells . Loss of 
hepatocyte function sets in motion a multiorgan response 
characterized by the rapid appearance of severe complica 
tions soon after the first signs of liver disease ( such as 
jaundice ) . Complications include hepatic encephalopathy 
and impaired protein synthesis , e . g . as measured by the 
levels of serum albumin and the prothrombin time in the 
blood . Up to now , treatment options for acute liver failure 
have been limited and death often occurs suddenly , even 
after the liver has begun to recover from the original 
damage . 
[ 0113 ] The diagnosis of acute liver failure ( i . e . the iden 
tification of a subject experiencing acute liver failure and 
who could benefit from the practice of the present methods ) 
is generally based on physical exam , laboratory findings , 
patient history , and past medical history to establish , for 
example , mental status changes , coagulopathy , rapidity of 
onset , and absence of known prior liver disease . The exact 
definition of “ rapid ” depends on the particular convention 
that is used . Different sub - divisions exist which are based on 
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the time from onset of first hepatic symptoms to onset of 
encephalopathy . One scheme defines “ acute hepatic failure " 
as the development of encephalopathy within 26 weeks of 
the onset of any hepatic symptoms . This is sub - divided into 
" fulminant hepatic failure ” , which requires onset of 
encephalopathy within 8 weeks , and “ subfulminant ” , which 
describes onset of encephalopathy after 8 weeks but before 
26 weeks . Another scheme defines “ hyperacute ” liver failure 
as onset within 7 days , “ acute ” liver failure as onset between 
7 and 28 days , and “ subacute ” liver failure as onset between 
28 days and 24 weeks . Subjects identified as experiencing 
acute liver failure by any of these criteria may be treated by 
the methods described herein . 
[ 0114 ] In some cases , the patient group for liver dysfunc 
tion / failure is characterized by a lower threshold of Bilirubin 
of > 1 . 2 mg / dL , such as > 1 . 9 mg / dL , or > 5 . 9 mg / dL . Acute 
liver failure has many potential causes and subjects identi 
fied as experiencing acute liver failure for any reason can be 
treated by the methods described herein . Possible causes 
include : 
Acetaminophen ( APAP ) . The most common cause of acute 
liver failure in the United States is acetaminophen ( parac 
etamol , Tylenol® , etc . ) overdose . Acute liver failure can 
occur if a single very large dose of APAP is taken all at once , 
or it can occur if higher - than - recommended doses are taken 
every day for several days . People with chronic liver disease 
are especially vulnerable , as are the elderly , the very young , 
etc . In such subjects , an APAP " overdose ” may be a dose that 
would be a safe or normal dose for a person that does not 
have chronic liver disease or is not elderly or very young . 
This aspect of the disclosure is discussed in detail below . 
Prescription medications . Some prescription medications , 
including antibiotics , nonsteroidal anti - inflammatory drugs 
and anticonvulsants , can cause acute liver failure . 
Herbal supplements . Herbal drugs and supplements , includ 
ing kava , ephedra , skullcap and pennyroyal , have been 
linked to acute liver failure . 
Hepatitis and other viruses . Hepatitis A , hepatitis B and 
hepatitis E can cause acute liver failure . Other viruses that 
can cause acute liver failure include Epstein - Barr virus , 
cytomegalovirus and herpes simplex virus . 
Toxins . Toxins that can cause acute liver failure include the 
poisonous wild mushroom Amanita phalloides , which is 
sometimes mistaken for edible species . 
Autoimmune disease . Liver failure can be caused by auto 
immune hepatitis , a disease in which the immune system 
attacks liver cells , causing inflammation and injury . 
Diseases of the veins in the liver . Vascular diseases , such as 
Budd - Chiari syndrome , can cause blockages to form in the 
veins of the liver and lead to acute liver failure . 
Metabolic disease . Rare metabolic diseases , such as Wil 
son ' s disease and acute fatty liver of pregnancy , can cause 
acute liver failure . 
Cancer . Cancer that begins in the liver or cancer that spreads 
to the liver from other locations in the body can cause acute 
liver failure . 
Other . Other causes include idiosyncratic reactions to medi 
cation ( e . g . tetracycline , troglitazone ) , excessive alcohol 
intake ( severe alcoholic hepatitis ) , Reye syndrome ( acute 
liver failure in a child with a viral infection e . g . chickenpox 
in which aspirin may play a role ; and others . Many cases of 
acute liver failure have no apparent cause . 
10115 ] In addition , various symptoms of liver toxicity may 
be prevented and / or treated by the methods and composi 

tions of the present disclosure prior to the development of 
full - blown ALF . Exemplary symptoms include but are not 
limited to : cerebral edema and encephalopathy ( which may 
lead to hepatic encephalopathy , coma , brain herniation , etc . ) ; 
coagulopathy ( e . g . prolongation in prothrombin time , plate 
let dysfunction , thrombocytopenia , intracerebral bleeding , 
etc . ) ; renal failure ( e . g . due to original insult such as APAP 
overdose resulting in acute tubular necrosis , or from hyper 
dynamic circulation leading to hepatorenal syndrome or 
functional renal failure ) ; inflammation and infection ( e . g . 
systemic inflammatory syndrome , which can lead to sepsis 
and multiorgan failure irrespective of the presence or 
absence of infection ) ; various metabolic derangements such 
as hyponatremia , hypoglycemia , hypokalemia , hypophos 
phatemia , metabolic alkalosis , and lactic acidosis ( occurring 
predominantly in acetaminophen overdose ) ; hemodynamic 
and cardio - respiratory compromise ( e . g . hypotension , 
decrease in tissue oxygen uptake , tissue hypoxia and lactic 
acidosis ) ; pulmonary complications ( e . g . acute respiratory 
distress syndrome ( ARDS ) , with or without sepsis , pulmo 
nary haemorrhage , pleural effusions , atelectasis , and intra 
pulmonary shunts , etc . ) ; late pregnancy complications , for 
which early clinical manifestations of ALF include hypo 
dynamia , decrease in appetite , dark amber urine , deep jaun 
dice , nausea , vomiting , and abdominal distention , etc . Sub 
jects exhibiting one or more of these symptoms or 
conditions may benefit from the administration of the 
25HC3S or pharmaceutically acceptable salt thereof . 

Acute Liver Failure Due to APAP Toxicity 
[ 0116 ] In some aspects , the present disclosure provides 
methods and compositions for preventing and / or treating 
APAP associated toxicity and symptoms associated with or 
characteristic thereof , especially liver injury or ALF as 
discussed above . APAP toxicity is one of the most common 
causes of poisoning worldwide and in the United States and 
the United Kingdom it is the most common cause of acute 
liver failure . Many individuals with APAP toxicity may have 
no symptoms at all in the first 24 hours following overdose . 
Others may initially have nonspecific complaints such as 
vague abdominal pain and nausea . With progressive disease , 
signs of liver failure usually develop ; these include low 
blood sugar , low blood pH , easy bleeding , and hepatic 
encephalopathy . Damage to the liver , or hepatotoxicity , 
results not from APAP itself , but from one of its metabolites , 
N - acetyl - p - benzoquinoneimine ( NAPQI ) , also known as 
N - acetylimidoquinone . NAPQI depletes the liver ' s natural 
antioxidant glutathione and directly damages cells in the 
liver , leading to liver failure . Risk factors for APAP toxicity 
include excessive chronic alcohol intake , fasting or anorexia 
nervosa , and the use of certain drugs such as isoniazid . 
10117 ] Methods to prevent or treat ALF in a subject in 
need thereof , especially liver dysfunction and / or acute liver 
failure associated with APAP toxicity , are described in this 
disclosure . The methods may include administering a com 
position as described herein prior to administration of APAP , 
and / or concomitantly with administration of APAP , and / or 
after administration of APAP , to prevent and / or treat APAP 
toxicity . Compositions comprising APAP and 25HC3S or 
pharmaceutically acceptable salt thereof are also encom 
passed . 
Pancreas Dysfunction and Failure 
0118 ] The pancreas is a glandular organ that functions in 
the digestive system and endocrine system of vertebrates . It 
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produces several important hormones , including insulin , 
glucagon , somatostatin , and pancreatic polypeptide , and also 
secretes pancreatic juice containing digestive enzymes that 
assist digestion and absorption of nutrients in the small 
intestine . Inflammation of the pancreas ( pancreatitis ) has 
several causes and typically requires immediate treatment . It 
may be acute , beginning suddenly and lasting a few days , or 
chronic , occurring over many years . Eighty percent of cases 
of pancreatitis are caused by alcohol or gallstones , with 
gallstones being the single most common etiology of acute 
pancreatitis and alcohol being the single most common 
etiology of chronic pancreatitis . Severe pancreatitis is asso 
ciated with organ failure , necrosis , infected necrosis , 
pseudocyst and abscess , having mortality rates around 2 - 9 % , 
and higher where necrosis has occurred . Severe pancreatitis 
is diagnosed if at least three of the following are true : patient 
age is greater than 55 years ; blood PO2 oxygen is less than 
60 mm Hg or 7 . 9 kP ; white blood cells > 15 , 000 WBCs per 
microliter ( mcL ) ; calcium < 2 mmol / L ; urea > 16 mmol / L ; 
lactate dehydrogenase ( LDH ) > 600 iu / L ; aspartate transami 
nase ( AST ) > 200 iu / L ; albumin < 32 g / L ; and glucose > 10 
mmol / L . 
[ 0119 ] An aspect of the present disclosure is the treatment 
of pancreatic dysfunction and / or failure by administering a 
composition as described herein to a patient in need thereof . 
Suitable patients or patient populations are identified , by a 
skilled medical practitioner , as exhibiting at least one of the 
symptoms or criteria listed above . 
Heart Dysfunction and / or Failure 
[ 0120 ] Heart failure ( HF ) , often used to mean chronic 
heart failure ( CHF ) , occurs when the heart is unable to pump 
sufficiently to maintain blood flow to meet the needs of the 
body . The terms congestive heart failure ( CHF ) or conges 
tive cardiac failure ( CCF ) are often used interchangeably 
with chronic heart failure . Symptoms commonly include 
shortness of breath ( especially with exercise , when lying 
down , and at night while sleeping ) , excessive tiredness , and 
leg swelling . Common causes of heart failure include coro 
nary artery disease including a previous myocardial infarc 
tion ( heart attack ) , high blood pressure , atrial fibrillation , 
valvular heart disease , and cardiomyopathy . Heart failure is 
distinct from myocardial infarction , in which part of the 
heart muscle dies , and cardiac arrest , in which blood flow 
stops altogether . 
[ 0121 ] Heart failure is typically diagnosed based on the 
history of the symptoms and a physical examination with 
confirmation by echocardiography , blood tests , and / or chest 
radiography . Echocardiography uses ultrasound to deter 
mine the stroke volume ( SV , the amount of blood in the heart 
that exits the ventricles with each beat ) , the end - diastolic 
volume ( EDV , the total amount of blood at the end of 
diastole ) , and the SV in proportion to the EDV , a value 
known as the ejection fraction ( EF ) . Abnormalities in one or 
more of these may indicate or confirm heart dysfunction 
and / or failure . An electrocardiogram ( ECG / EKG ) is used to 
identify arrhythmias , ischemic heart disease , right and left 
ventricular hypertrophy , and presence of conduction delay 
or abnormalities ( e . g . left bundle branch block ) . Abnormali 
ties in one or more of these may also indicate or confirm 
heart dysfunction and / or failure . Blood tests routinely per 
formed to diagnose or confirm heart dysfunction / failure 
include electrolytes ( sodium , potassium ) , measures of renal 
function , liver function tests , thyroid function tests , a com - 
plete blood count , and often C - reactive protein if infection 

is suspected . Abnormalities in one or more of these may also 
indicate or confirm the presence of heart dysfunction and / or 
failure . An elevated B - type natriuretic peptide ( BNP ) is a 
specific test indicative of heart failure . If myocardial infarc 
tion is suspected , various cardiac markers may be tested , 
including but not limited to troponin creatine kinase ( CK ) 
MB ( an isoform of creatine kinase ) ; lactate dehydrogenase ; 
aspartate transaminase ( AST ) ( also referred to as aspartate 
aminotransferase ) ; myoglobin ; ischemia - modified albumin 
( IMA ) ; pro - brain natriuretic peptide ; glycogen phosphory 
lase isoenzyme BB , etc . Abnormal levels of one or more of 
these ( usually abnormally high levels ) are considered as 
identifying a subject in need of treatment for cardiac dys 
function or failure . 
[ 0122 ] Heart failure may also occur as a side effect and / or 
in the aftermath of chemotherapy , e . g . chemotherapy 
received as treatment for cancer such as breast cancer . The 
administration of a composition as described herein to a 
patient receiving or who has already received chemotherapy 
may prevent unwanted damage to heart ( and other organs , 
organ systems , tissues and cells ) during or after cancer 
chemotherapy . In other words , the composition as described 
herein is used as a protective agent for deleterious effects of 
chemotherapy . 
[ 0123 ] A subject who is confirmed to have or suspected of 
having cardiac dysfunction or failure is treated by adminis 
tration of a therapeutically effective amount of a composi 
tion as described herein , the amount being sufficient to 
prevent symptoms of heart dysfunction or failure , or to 
ameliorate symptoms of heart dysfunction or failure , e . g . to 
at least partially restore heart function to normal or near 
normal , and / or to prevent further deterioration of heart 
function and health of the patient . 
Brain Dysfunction and / or Failure 
[ 0124 ] Brain dysfunction and / or failure ( i . e . organic brain 
syndrome “ OBS ” ) is a general term that describes decreased 
mental function due to a medical disease other than a 
psychiatric illness . Causes include but are not limited to 
brain injury caused by trauma ; bleeding into the brain 
( intracerebral hemorrhage ) ; bleeding into the space around 
the brain ( subarachnoid hemorrhage ) ; blood clot inside the 
skull causing pressure on brain ( subdural hematoma ) ; con 
cussion ; various breathing conditions such as low oxygen in 
the body ( hypoxia ) and high carbon dioxide levels in the 
body ( hypercapnia ) ; various cardiovascular disorders , e . g . 
dementia due to many strokes or multi - infarct dementia , 
heart infections ( endocarditis , myocarditis ) , stroke ( e . g . 
spontaneous stroke ) and transient ischemic attack ( TIA ) or 
so - called “ ministrokes ” ; or due to various degenerative 
disorders such as Alzheimer disease , Creutzfeldt - Jacob dis 
ease , diffuse Lewy Body disease , Huntington disease , mul 
tiple sclerosis , normal pressure hydrocephalus , Parkinson 
disease and Pick disease ; dementia due to metabolic causes 
such as kidney , liver , or thyroid disease and / or vitamin 
deficiency ( B1 , B12 , or folate ) ; as well as drug and alcohol 
related conditions e . g . alcohol withdrawal state , intoxication 
from drug or alcohol use , Wernicke - Korsakoff syndrome ( a 
long - term effect of excessive alcohol consumption or mal 
nutrition ) , and withdrawal from drugs ( especially sedative 
hypnotics and corticosteroids ) ; and sudden onset ( acute ) or 
long - term ( chronic ) infections e . g . septicemia , encephalitis , 
meningitis , prion infections , and late - stage syphilis ; as well 
as complications of cancer or cancer treatment . Symptoms 
of OBS include agitation , confusion ; long - term loss of brain 
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[ 0129 ] In addition , restoration of blood supply to ischemic 
tissues can cause additional damage known as reperfusion 
injury . Reperfusion injury can be more damaging than the 
initial ischemia . Reintroduction of blood flow brings oxygen 
back to the tissues , causing a greater production of free 
radicals and reactive oxygen species that damage cells . It 
also brings more calcium ions to the tissues , which may 
cause calcium overloading and can result in potentially fatal 
cardiac arrhythmias , and which may accelerate cellular 
self - destruction . The restored blood flow may also exagger 
ate the inflammation response of damaged tissues , causing 
white blood cells to destroy damaged but still viable cells . 
[ 0130 ] The present disclosure provides methods and com 
positions for preventing and / or treating the untoward effects 
or outcomes of ischemia , including ischemia / reperfusion 
injury , in a subject in need thereof . The methods generally 
comprise administering a therapeutically effective amount 
of a composition as described herein sufficient to prevent or 
treat symptoms of ischemia and / or ischemia / reperfusion . 
The methods may also include identifying or diagnosing a 
subject who will experience , or is experiencing or who has 
experienced ischemia and / or ischemia / reperfusion . The 
ischemia and / or ischemia / reperfusion may be due to a 
disease process ( e . g . atherosclerosis , a blood clot , etc . ) , or 
due to an accident ( e . g . severing of an artery or other blood 
conduit ) , or may be intentional ( planned ) , e . g . as occurs 
during some heart or other surgeries in order to temporarily 
stop blood flow to a defined or circumscribed region of the 
body . 

function ( dementia ) , and severe , short - term loss of brain 
function ( delirium ) , as well as impacts on the autonomic 
nervous system which controls e . g . breathing . Diagnosis or 
confirmation of the presence of OBS is determined by 
detecting or measuring various methodology such as blood 
tests , electroencephalogram ( EEG ) , head CT scan , head 
MRI and / or lumbar puncture , for which normal values 
typically range as follows : pressure : 70 - 180 mm Hg ; cere 
bral spinal fluid ( CSF ) appearance : clear , colorless ; CSF 
total protein : 15 - 60 mg / 100 mL ; gamma globulin : 3 - 12 % of 
the total protein ; CSF glucose : 50 - 80 mg / 100 mL ( or greater 
than 2 / 3 of blood sugar level ) ; CSF cell count : 0 - 5 white 
blood cells ( all mononuclear ) , and no red blood cells ; and 
CSF chloride : 110 - 125 mEq / L . 
[ 0125 ] If one or more of these tests or analyses or indicia 
are abnormal , the subject is generally considered as suscep 
tible to or already suffering from OBS . A subject who is 
confirmed to have or suspected of having OBS ( either early 
stage or advanced ) is treated by administration of a thera 
peutically effective amount of a composition comprising 
25HC3S or pharmaceutically acceptable salt thereof , the 
amount being sufficient to prevent symptoms of OBS , or to 
ameliorate symptoms of OBS , e . g . to at least partially restore 
brain function to normal or near normal , and / or to prevent 
further deterioration of brain function and health of the 
patient . 
Organ Dysfunction and / or Failure Due to Trauma 
[ 0126 ] In some aspects , the organ dysfunction / failure is 
due to trauma . Examples of trauma injuries include but are 
not limited to : wounds resulting from vehicular accidents ; 
gunshot wounds ( both accidental during hunting associated 
activities , and intentionally inflicted such as those associated 
with criminal activity or war ) ; blunt trauma or blunt injury 
e . g . non - penetrating blunt force trauma such as physical 
trauma to a body part e . g . by impact , injury or physical 
attack , etc . Examples of blunt trauma include but are not 
limited to : concussion , e . g . concussion suffered by athletes 
or by persons involved in accidents , falls , etc . , and blunt 
trauma suffered as the result of an encounter with a projectile 
such as a falling object , and others . 
[ 0127 ] Individuals who are susceptible to such blunt 
trauma ( e . g . athletes , the elderly ) may benefit from prophy 
lactic administration of a composition as described herein , 
and if blunt trauma such as a concussion is diagnosed in a 
subject , the subject will benefit by administration as soon as 
possible after the injury is suspected or confirmed . 
Prevention and / or Treatment of Conditions Caused by Isch 
emia 
[ 0128 ] Ischemia refers to an insufficient supply of blood to 
a tissue or organ , causing a shortage of oxygen and glucose 
needed for cellular metabolism and to keep tissue alive . 
Hypoxia ( also known as hypoxiation or anoxemia ) is caused 
by ischemia and refers to the condition in which the body or 
a region of the body is deprived of adequate oxygen supply . 
Ischemia results in tissue damage in a process known as the 
ischemic cascade . Damage is largely the result of the build 
up of metabolic waste products , the inability to maintain cell 
membranes , mitochondrial damage , and eventual leakage of 
autolyzing proteolytic enzymes into the cell and surrounding 
tissues . Ensuing inflammation also damages cells and tis 
sues . Without immediate intervention , ischemia may prog 
ress quickly to tissue necrosis , and ultimately to , for 
example , organ dysfunction or failure . 

[ 0131 ] Types of ischemia that are relevant to the methods 
described herein include but are not limited to : 
Cardiac ischemia , e . g . , myocardial ischemia , occurring 
when the heart muscle , or myocardium , receives insufficient 
blood flow . This most frequently results from atherosclero 
sis , which is the long - term accumulation of cholesterol - rich 
plaques in coronary arteries . 
Bowel ischemia : Both large and small bowel can be affected 
by ischemic injury . Ischemic injury of the large intestine 
may result in an inflammatory process known as ischemic 
colitis and also as a result of surgery and adhesion devel 
opment . Ischemia of the small bowel is called mesenteric 
ischemia . 
Brain ischemia is insufficient blood flow to the brain , and 
can be acute ( i . e . , rapid ) or chronic ( i . e . , long - lasting ) . Acute 
ischemic stroke is a neurologic emergency that may be 
reversible if treated rapidly . Chronic ischemia of the brain 
may result in a form of dementia called vascular dementia . 
A brief episode of ischemia affecting the brain is called a 
transient ischemic attack ( TIA ) , often erroneously referred 
to as a “ mini - stroke ” . 
Limb ischemia : Lack of blood flow to a limb results in acute 
limb ischemia . 
Cutaneous ischemia refers to reduced blood flow to the skin 
layers , which may result in mottling or uneven , patchy 
discoloration of the skin , and may lead to the development 
of cyanosis , or other conditions such as pressures sores ( e . g . 
decubitus ulcers , bedsores , etc . ) . 
Reversible ischemia refers to a condition which results in a 
lack of blood flow to a particular organ which can be 
reversed through use of medications or surgery . It most often 
refers to hindered blood flow to the heart muscle , but it can 
refer to an obstruction blocking any organ in the body , 
including the brain . Whether or not a case of ischemia can 
be reversed will depend on the underlying cause . Plaque 
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buildup in the arteries , weakened arteries , low blood pres 
sure , blood clots , and unusual heart rhythms can all be 
causes of reversible ischemia . 
Apical ischemia refers to lack of blood flow to the apex or 
bottom tip of the heart . 
Mesenteric ischemia refers to inflammation and injury of the 
small intestine occurs due to inadequate blood supply . 
Causes of the reduced blood flow can include changes in the 
systemic circulation ( e . g . low blood pressure ) or local fac 
tors such as constriction of blood vessels or a blood clot . 
Ischemia of various organs , including but not limited to liver 
( hepatic ischemia ) , kidney , intestines , etc . 
[ 0132 ] Ischemia , ischemia / reperfusion may also be caus 
ally related to inflammation and organ dysfunction / failure . 
For example , cerebral ( brain ) ischemia is typically accom 
panied by a marked inflammatory reaction that is initiated by 
ischemia - induced expression of cytokines , adhesion mol 
ecules , and other inflammatory mediators , including pros 
tanoids and nitric oxide . It is known that interventions aimed 
at attenuating such inflammation reduce the progression of 
brain damage that occurs e . g . during the late stages of 
cerebral ischemia . In addition , the most frequent cause of 
intrarenal ( kidney ) failure ( ARF ) is transient or prolonged 
renal hypoperfusion ( ischemia ) . 
[ 0133 ] Other types of ischemia , the effects of which can be 
treated or prevented as described herein , include but are not 
limited to : ischemic stroke , small vessel ischemia , ischemia / 
reperfusion injuries , etc . 
[ 0134 ] Diagnosis of ischemia is generally carried out by 
identifying one or more symptoms of malfunction in the 
particular organ or organ system or tissue or cell that is 
affected . Thus , symptoms include those listed herein for 
dysfunction / failure of individual organs , plus documentation 
of ischemia per se , such as by noting the history of the 
patient ( e . g . known occlusion , blockage or severance of an 
artery that otherwise supplies blood to the organ or tissue , 
imaging which shows or is consistent with such observa 
tions , etc . ) . 
[ 0135 ] If one or more suitable tests or analyses or indicia 
are abnormal , the subject is generally considered as suscep 
tible to or already suffering from ischemia . A subject who is 
confirmed to have or suspected of having ischemia ( or is 
known to be undergoing future planned ischemia , e . g . during 
a surgical procedure ) may be treated by administration of a 
therapeutically effective amount of a composition as 
described herein , the amount being sufficient to prevent 
symptoms of ischemia and / or ischemia - reperfusion injury , 
or to ameliorate symptoms of ischemia and / or ischemia 
reperfusion injury , e . g . to at least partially restore organ or 
tissue function to normal or near normal when blood flow is 
reestablished , and / or to prevent further deterioration of 
organ or tissue function and health of the patient . 
Prevention and / or Treatment of Effects of Unwanted Cell 
Death 
[ 0136 ) Active , regulated cell death is referred to as " pro 
grammed cell - death ” or “ PCD ” and is a regulated process 
mediated by intracellular pathways . While PCD is generally 
beneficial to an organism , aberrations in signaling or the 
presence of overwhelming stresses on the cell may cause 
undesirable PCD to occur . The forms of PCD include 
apoptosis , the initiation of controlled intracellular signaling 
in response to a stress , which brings about cell suicide ; and 
necroptosis , a form of PCD that serves as a backup to 

apoptosis , e . g . when the apoptosis signaling is blocked by 
endogenous or exogenous factors such as viruses or muta 
tions . 
[ 0137 ] In contrast to PCD , necrosis refers to unregulated , 
passive cell death which results in the harmful , premature 
death of cells in living tissue . Necrosis is typically caused by 
factors external to the cell or tissue , such as infection , toxins , 
trauma , ischemia , etc . Without being bound by theory , it is 
believed that necrosis involves the loss of cell membrane 
integrity and an uncontrolled release of products of cell 
death into the intracellular space , thereby initiating an 
inflammatory response in the surrounding tissue which 
prevents nearby phagocytes from locating and eliminating 
the dead cells by phagocytosis . While surgical removal of 
necrotic tissue can halt the spread of necrosis , in some cases 
surgical intervention is not possible or practical e . g . when 
internal tissues or organs are involved . Thus , necrosis of 
internal organs often leads to dangerous and often deadly 
organ dysfunction and / or failure . 
[ 0138 ] The present disclosure provides methods and com 
positions for preventing and / or treating the effects of 
unwanted cell death in a subject in need thereof , especially 
unwanted apoptosis and necrosis associated with organ 
dysfunction and / or organ failure . The cell death may result 
from or be associated with unwanted PCD ( e . g . unwanted or 
deleterious apoptosis , autophagy , or necroptosis ) or with 
necrosis , which is unwanted by definition ; and / or combina 
tions of these . The methods comprise administering a thera 
peutically effective amount of a composition as described 
herein , the amount being sufficient to prevent unwanted cell 
death from occurring , or to treat the effects of unwanted cell 
death that has already occurred in a subject . 
10139 . Unwanted or deleterious cell death via apoptosis 
occurs , for example , in the aftermath of ischemia and in 
Alzheimer ' s disease . Unwanted apoptosis is extremely 
harmful , causing extensive tissue damage . 
0140 ] Types of necrosis that may be prevented and / or 
treated by the methods described herein include but are not 
limited to : Aseptic necrosis is necrosis without infection , 
usually in the head of the femur after traumatic hip dislo 
cation . 
Acute tubular necrosis refers to acute renal failure with mild 
to severe damage or necrosis of tubule cells , usually sec 
ondary to either nephrotoxicity , ischemia after major sur 
gery , trauma ( crush syndrome ) , severe hypovolemia , sepsis , 
or burns . 
Avascular necrosis is the consequence of temporary or 
permanent cessation of blood flow to the bones . The absence 
of blood causes the bone tissue to die , resulting in fracture 
or collapse of the entire bone . 
Balser ' s fatty necrosis is gangrenous pancreatitis with omen 
tal bursitis and disseminated patches of necrosis of fatty 
tissues . 
Bridging necrosis is necrosis of the septa of confluent 
necrosis bridging adjacent central veins of hepatic lobules 
and portal triads characteristic of subacute hepatic necrosis . 
Caseous or " cheesy ” necrosis is necrosis in which the tissue 
is soft , dry , and cottage cheese - like , most often seen in 
tuberculosis and syphilis ; in contrast to moist necrosis in 
which the dead tissue is wet and soft . 
Central necrosis is necrosis affecting the central portion of 
an affected bone , cell or lobule of the liver . 
Coagulation necrosis refers to necrosis of a portion of an 
organ or tissue , with formation of fibrous infarcts , the 
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protoplasm of the cells becoming fixed and opaque by 
coagulation of the protein elements , the cellular outline 
persisting for a long time . 
Colliquative or liquefaction necrosis is that in which the 
necrotic material becomes softened and liquefied . 
Contraction band necrosis refers to a cardiac lesion charac 
terized by hypercontracted myofibrils and contraction bands , 
and mitochondrial damage caused by calcium influx into 
dying cells resulting in arrest of the cells in the contracted 
state . 
Fat necrosis is that in which the neutral fats in adipose tissue 
are broken down into fatty acids and glycerol , usually 
affecting the pancreas and peripancreatic fat in acute hem 
orrhagic pancreatitis . 
Gangrenous necrosis is that in which ischemia combined 
with bacterial action causes putrefaction to set in . “ Gan 
grene " includes dry gangrene , wet gangrene , gas gangrene , 
internal gangrene and necrotizing fasciitis . 
Gingival necrosis refers to the death and degeneration of the 
cells and other structural elements of the gingivae ( e . g . , 
necrotizing ulcerative gingivitis ) . 
Interdental necrosis is a progressive disease that destroys the 
tissue of the papillae and creates interdental craters . 
Advanced interdental necrosis leads to a loss of periodontal 
attachment . 
Ischemic necrosis refers to death and disintegration of a 
tissue resulting from interference with its blood supply , thus 
depriving the tissues of access to substances necessary for 
metabolic sustenance . 
Macular degeneration : Macular degeneration ( both wet and 
dry forms ) occurs when the small central portion of the 
retina , known as the macula , deteriorates . Because the 
disease develops as a person ages , it is often referred to as 
age - related macular degeneration ( AMD ) . 
Massive hepatic necrosis refers to massive , usually fatal , 
necrosis of the liver , a rare complication of viral hepatitis 
( fulminant hepatitis ) that may also result from exposure to 
hepatotoxins or from drug hypersensitivity . 
Phosphorus necrosis is necrosis of the jaw bone due to 
exposure to phosphorus . 
Postpartum pituitary necrosis refers to necrosis of the pitu 
itary during the postpartum period , often associated with 
shock and excessive uterine bleeding during delivery , and 
leading to variable patterns of hypopituitarism . 
Radiation necrosis is the death of tissue caused by radiation . 
Selective myocardial cell necrosis refers to myofibrillar 
degeneration . 
Zenker ' s necrosis refers to hyaline degeneration and necro 
sis of striated muscle ; also called Zenker ' s degeneration . 
[ 0141 ] Such unwanted or pathological cell death may be 
prevented or treated by contacting affected cells with a 
composition as described herein in an amount sufficient to 
prevent or treat death of the cells , and / or to prevent the 
spread of cell death signaling to adjacent cells . Candidate 
cells for treatment , or organs containing candidate cells for 
treatment , are identified by any of several known techniques , 
e . g . by observation of overt effects of cell death ( tissue 
breakdown , liquefaction , odor , etc . ) , detecting release of 
lactate dehydrogenase ( LDH ) , by various scans such as 
tomography or nuclear magnetic resonance , by detecting the 
presence of causative bacteria ( e . g . using PCR ) , using anti 
bodies , etc . 

Prevention and / or Treatment of Symptoms Related to or 
Caused by Sepsis ( Inflammatory Response Syndrome , or 
SIRS ) 
[ 0142 ] Sepsis is a potentially life - threatening whole - body 
inflammation caused by a serious infection which triggers an 
immune response . The infection is typically caused by 
bacteria , but can also be due to fungi , viruses , or parasites in 
the blood , urinary tract , lungs , skin , or other tissues . Unfor 
tunately , symptoms can continue even after the infection is 
gone . Severe sepsis is sepsis causing poor organ function or 
insufficient blood flow as evidenced e . g . by low blood 
pressure , high blood lactate , and / or low urine output . In fact , 
sepsis is considered to fall within a continuum from infec 
tion to multiple organ dysfunction syndrome ( MODS ) . Sep 
tic shock is low blood pressure due to sepsis that does not 
improve after reasonable amounts of intravenous fluids are 
given . 
[ 0143 ] Up to now , sepsis was typically treated with intra 
venous fluids and antibiotics , often in an intensive care unit . 
Various medications and other interventions may be used , 
e . g . mechanical ventilation , dialysis , and oxygen saturation 
may also be used . Outcomes depend on the severity of 
disease with the risk of death from sepsis being as high as 
30 % , severe sepsis as high as 50 % , and septic shock as high 
as 80 % . Provided herein are methods of preventing or 
treating sepsis by administering to a subject or patient in 
need thereof , a therapeutically effective amount of a com 
position as described herein . For instance , the present dis 
closure includes the treatment of mammalian endotoxemia 
and septicemia and renal and mesenteric vasoconstriction 
that is induced by catecholamines that are used to treat 
endotoxemia and septic shock . The term " endotoxemia " 
refers to the presence of microbial endotoxins in the blood 
stream . Subjects inflicted with endotoxemia usually also 
have septicemia . The present disclosure includes a method 
for treating septicemia / endotoxemia . The present disclosure 
also includes a method for treating acute renal failure caused 
by septicemia / endotoxemia by administering an effective 
amount of a composition described herein . 
10144 ) Further , the present disclosure includes a method 
for treating renal vasoconstriction caused by septicemia / 
endotoxemia . Still further , the present disclosure provides a 
method for attenuating catecholamine - induced renal and 
mesenteric vasoconstriction . Yet further , the present disclo 
sure includes a method to prevent damage to a patient ' s 
intestines and kidney due to the effects of endotoxin and / or 
vasopressor agents . Sepsis is associated with mitochondrial 
dysfunction , which leads to impaired oxygen consumption 
and may lead to sepsis - induced multiple organ failure . This 
holds especially true for raised tissue oxygen tensions in 
septic patients , suggesting reduced ability of the organs to 
use oxygen . Because ATP production by mitochondrial 
oxidative phosphorylation accounts for more than 90 % of 
total oxygen consumption , mitochondrial dysfunction may 
directly results in organ failure , possibly due to nitric oxide , 
which is known to inhibit mitochondrial respiration in vitro 
and is produced in excess in sepsis . Therefore , in a specific 
embodiment of the present disclosure , the compositions 
described herein are used in methods of prevention for organ 
dysfunction and failure in Systemic Inflammatory 
Response - Syndrome ( SIRS ) , sepsis , severe sepsis , and sep 
tic shock patients . 
[ 0145 ] The methods may include identifying a suitable 
patient in need of such treatment , e . g . by detecting or 
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measuring at least one symptom of sepsis , e . g . abnormal 
temperature ( body temperature above 101 F ( 38 . 3 C , 
" fever ” ) or below 96 . 8 F ( 36 C ) , increased heart rate , 
increased breathing rate , probable or confirmed infection , 
and possibly confusion . Patients with severe sepsis exhibit at 
least one of the following signs and symptoms , which 
indicate an organ may be failing : significantly decreased 
urine output , abrupt change in mental status , decrease in 
platelet count , difficulty breathing , abnormal heart pumping 
function , and abdominal pain . A diagnosis of septic shock is 
generally based on observing the signs and symptoms of 
severe sepsis plus measuring extremely low blood pressure 
that does not adequately respond to simple fluid replace 
ment . In some cases , a subject may be a candidate for 
prophylactic or therapeutic treatment of sepsis based on 
cough / sputum / chest pain ; abdominal pain / distension / diar 
rhea ; line infection ; endocarditis ; dysuria ; headache with 
neck stiffness ; cellulitis / wound / joint infection ; and / or posi 
tive microbiology for any infection . In other cases , a subject 
may be a candidate for prophylactic or therapeutic treatment 
with 25HC3S or pharmaceutically acceptable salt thereof of 
severe sepsis based on a diagnosis of sepsis and at least one 
clinical suspicion of any organ dysfunction selected from : 
blood pressure systolic < 90 / mean ; < 65 mm HG ; lactate > 2 
mmol / L ; Bilirubin > 34 umol / L ; urine output < 0 . 5 mL / kg / h 
for 2 h ; creatinine > 177 umol / L ; platelets < 100x10° / L ; and 
SpO2 > 90 % unless O2 given . In some cases , a subject may be 
a candidate for prophylactic or therapeutic treatment of 
septic shock if there is refractory hypotension that does not 
respond to treatment and intravenous systemic fluid admin 
istration alone is insufficient to maintain a patient ' s blood 
pressure from becoming hypotensive . Patients with a diag 
nosis of ( exhibiting signs of ) early sepsis , severe sepsis or 
septic shock are candidates for treatment with a composition 
as described herein , e . g . by administration of a therapeuti 
cally effective amount of the composition . The amount 
administered may be sufficient to prevent symptoms of 
sepsis from developing or continuing , or to at least lessen the 
impact of symptoms of sepsis . 

cholesterol in the subject prior to administration of the 
composition . Alternatively , the extent of the decrease may 
be determined by comparison to a similar untreated control 
population to whom the compound is not administered . 
Those of skill in the art are familiar with such determina 
tions , e . g . the use of controls , or the measurement of 
cholesterol levels in the blood before and after administra 
tion of an agent that lowers cholesterol and / or lipids . 
[ 0147 ] In some aspects , the disease or condition that is 
prevented or treated is or is caused by hyperlipidemia . By 
“ hyperlipidemia ” we mean a condition of abnormally 
elevated levels of any or all lipids and / or lipoproteins in the 
blood . Hyperlipidemia includes both primary and secondary 
subtypes , with primary hyperlipidemia usually being due to 
genetic causes ( such as a mutation in a receptor protein ) , and 
secondary hyperlipidemia arising from other underlying 
causes such as diabetes . Lipids and lipid composites that 
may be elevated in a subject and lowered by the treatments 
described herein include but are not limited to chylomicrons , 
very low - density lipoproteins , intermediate - density lipopro 
teins , low - density lipoproteins ( LDLs ) and high - density 
lipoproteins ( HDLs ) . In particular , elevated cholesterol ( hy 
percholesterolemia ) and triglycerides ( hypertriglyceri 
demia ) are known to be risk factors for blood vessel and 
cardiovascular disease due to their influence on atheroscle 
rosis . Lipid elevation may also predispose a subject to other 
conditions such as acute pancreatitis . The methods of the 
disclosure thus may also be used in the treatment or pro 
phylaxis ( e . g . prophylactic treatment ) of conditions that are 
or are associated with elevated lipids . Such conditions 
include , for example , but are not limited to : hyperlipidemia , 
hypercholesterolemia , hypertriglyceridemia , fatty liver ( he 
patic steatosis ) , metabolic syndrome cardiovascular dis 
eases , coronary heart disease , atherosclerosis ( i . e . arterio 
sclerotic vascular disease or ASVD ) and associated 
maladies , acute pancreatitis , various metabolic disorders , 
such as insulin resistance syndrome , diabetes , polycystic 
ovary syndrome , fatty liver disease , cachexia , obesity , arte 
riosclerosis , stroke , gall stones , inflammatory bowel disease , 
inherited metabolic disorders such as lipid storage disorders , 
and the like . In addition , various conditions associated with 
hyperlipidemia include those described in issued U . S . Pat . 
No . 8 , 003 , 795 ( Liu , et al ) and U . S . Pat . No . 8 , 044 , 243 
( Sharma , et al ) , the complete contents of both of which are 
hereby incorporated by reference in entirety . 
[ 0148 ] In some aspects , the diseases and conditions that 
are prevented or treated include inflammation , and / or dis 
eases and conditions associated with , characterized by or 
caused by inflammation . These include a large group of 
disorders which underlie many human diseases . In some 
embodiments , the inflammation is acute , resulting from e . g . 
an infection , an injury , etc . In other embodiments , the 
inflammation is chronic . In some embodiments , the immune 
system is involved with the inflammatory disorder as seen in 
both allergic reactions and some myopathies . However , 
various non - immune diseases with etiological origins in 
inflammatory processes may also be treated , including can 
cer , atherosclerosis , and ischemic heart disease , as well as 
others listed below . 
[ 0149 ] Examples of disorders associated with abnormal 
inflammation which may be prevented or treated using 
25HC3S or pharmaceutically acceptable salt thereof include 
but are not limited to : acne vulgaris , asthma , various auto 
immune diseases , Celiac disease , chronic prostatitis , glom 

Hyperlipidemia 
[ 0146 ] In some aspects , the subjects treated by the com 
positions and methods described herein have symptoms of 
and / or have been diagnosed with high levels of lipids i . e . 
hyperlipidemia . Hyperlipidemias are also classified accord 
ing to which types of lipids are elevated , that is hypercho 
lesterolemia , hypertriglyceridemia or both in combined 
hyperlipidemia . Elevated levels of lipoprotein ( a ) is also 
included . Hypercholesterolemia generally refers to choles 
terol levels in serum in the range of about 200 mg / dl or 
more . Hypertriglyceridemia is characterized , for example as 
borderline ( 150 to 199 mg per dL ) , or high ( 200 to 499 mg 
per dL ) or very high ( 500 mg per dL or greater ) . These 
conditions are treated by the compositions described herein , 
as are diseases or conditions associated therewith e . g . ath 
erosclerosis , heart disease , stroke , Alzheimer ' s , gallstone 
diseases , cholestatic liver diseases , pancreatitis , etc . The 
compositions disclosed herein are used to lower cholesterol 
and / or lipid levels in the subject . By “ lowering cholesterol 
levels " we mean that the level of free serum cholesterol in 
a patient is decreased by at least about 10 % to 30 % , and 
preferably at least about 30 to 50 % , and more preferably at 
least about 50 to 70 % , and most preferably at least about 70 
to about 100 % , or more , in comparison to the level of 
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tion in mammals ( e . g . humans ) , dosages in terms of the 
25HC3S or pharmaceutically acceptable salt thereof ) in the 
range of from about 0 . 1 to about 100 mg or more of 
compound per kg of body weight per 24 hr . , and preferably 
about 0 . 1 to about 50 mg of compound per kg of body 
weight per 24 hr . , and more preferably about 0 . 1 to about 10 
mg of compound per kg of body weight per 24 hr . are 
effective . 

erulonephritis , various hypersensitivities , inflammatory 
bowel diseases , pelvic inflammatory disease , reperfusion 
injury , rheumatoid arthritis , sarcoidosis , transplant rejection , 
vasculitis , and interstitial cystitis . Also included are inflam 
mation disorders that occur as a result of the use of both 
legally prescribed and illicit drugs , as well as inflammation 
triggered by negative cognitions or the consequences 
thereof , e . g . caused by stress , violence , or deprivation . 
[ 0150 ] In one aspect , the inflammatory disorder that is 
prevented or treated is an allergic reaction ( type 1 hyper 
sensitivity ) , the result of an inappropriate immune response 
that triggers inflammation . A common example is hay fever , 
which is caused by a hypersensitive response by skin mast 
cells to allergens . Severe inflammatory responses may 
mature into a systemic response known as anaphylaxis . 
Other hypersensitivity reactions ( type 2 and type 3 ) are 
mediated by antibody reactions and induce inflammation by 
attracting leukocytes which damage surrounding tissue , and 
may also be treated as described herein . 
[ 0151 ] In other aspects , inflammatory myopathies are pre 
vented or treated . Such myopathies are caused by the 
immune system inappropriately attacking components of 
muscle , leading to signs of muscle inflammation . They may 
occur in conjunction with other immune disorders , such as 
systemic sclerosis , and include dermatomyositis , polymyo 
sitis , and inclusion body myositis . 
[ 0152 ] In one aspect , the methods and compositions of the 
disclosure are used to prevent or treat systemic inflammation 
such as that which is associated with obesity , such as 
inflammation associated with metabolic syndrome and dia 
betes ( e . g . type 2 adult onset diabetes ) . In such inflamma 
tion , the processes involved are identical to tissue inflam 
mation , but systemic inflammation is not confined to a 
particular tissue but involves the endothelium and other 
organ systems . Systemic inflammation may be chronic , and 
is widely observed in obesity , where many elevated markers 
of inflammation are observed , including : IL - 6 ( interleukin 
6 ) , IL - 8 ( interleukin - 8 ) , IL - 18 ( interleukin - 18 ) , TNF - a ( tu 
mor necrosis factor - alpha ) , CRP ( C - reactive protein ) , insu 
lin , blood glucose , and leptin . Conditions or diseases 
associated with elevated levels of these markers may be 
prevented or treated as described herein . In some embodi 
ments , the inflammation may be classified as “ low - grade 
chronic inflammation ” in which a two - to threefold increase 
in the systemic concentrations of cytokines such as TNF - a , 
IL - 6 , and CRP is observed . Waist circumference also cor 
relates significantly with systemic inflammatory responses ; 
a predominant factor in this correlation is due to the auto 
immune response triggered by adiposity , whereby immune 
cells “ mistake ” fatty deposits for infectious agents such as 
bacteria and fungi . Systemic inflammation may also be 
triggered by overeating . Meals high in saturated fat , as well 
as meals high in calories have been associated with increases 
in inflammatory markers , and the response may become 
chronic if the overeating is chronic . 
[ 0153 ] Implementation of the methods of the disclosure 
will generally involve identifying patients suffering from or 
at risk for developing conditions associated with high cho 
lesterol and / or lipids , and administering the composition of 
the present disclosure in an acceptable form by an appro 
priate route . The exact dosage to be administered may vary 
depending on the age , gender , weight and overall health 
status of the individual patient , as well as the precise 
etiology of the disease . However , in general for administra - 

Liver Disorders 
[ 0154 ] The liver is responsible for the maintenance of lipid 
homeostasis in the body , and the compositions described 
herein may be used prevent and treat liver disease and 
damage of the liver per se ( e . g . NAFLD ) , and to prevent and 
treat diseases associated with excessively high levels of 
circulating lipids , i . e . to prevent or treat hyperlipidemia and 
associated disorders such as atherosclerosis . In some 
aspects , the subjects treated by the compositions and meth 
ods described herein have at least one symptom of or have 
been diagnosed with non - alcoholic fatty liver disease ( NA 
FLD ) and / or nonalcoholic steatohepatitis ( NASH ) . 
10155 ] In further aspects , the subjects treated by the com 
positions and methods described herein have at least one 
symptom of and / or have been diagnosed with a liver disor 
der such as hepatitis , inflammation of the liver , caused 
mainly by various viruses but also by some poisons ( e . g . 
alcohol ) ; autoimmunity ( autoimmune hepatitis ) or heredi 
tary conditions ; non - alcoholic fatty liver disease , a spectrum 
in disease , associated with obesity and characterized by an 
abundance of fat in the liver , which may lead to hepatitis , i . e . 
steatohepatitis and / or cirrhosis ; cirrhosis , i . e . the formation 
of fibrous scar tissue in the liver due to replacing dead liver 
cells ( the death of liver cells can be caused , e . g . by viral 
hepatitis , alcoholism or contact with other liver - toxic chemi 
cals ) ; haemochromatosis , a hereditary disease causing the 
accumulation of iron in the body , eventually leading to liver 
damage ; cancer of the liver ( e . g . primary hepatocellular 
carcinoma or cholangiocarcinoma and metastatic cancers , 
usually from other parts of the gastrointestinal tract ) ; Wil 
son ' s disease , a hereditary disease which causes the body to 
retain copper , primary sclerosing cholangitis , an inflamma 
tory disease of the bile duct , likely autoimmune in nature ; 
primary biliary cirrhosis , an autoimmune disease of small 
bile ducts ; Budd - Chiari syndrome ( obstruction of the hepatic 
vein ) ; Gilbert ' s syndrome , a genetic disorder of bilirubin 
metabolism , found in about 5 % of the population ; glycogen 
storage disease type II ; as well as various pediatric liver 
diseases , e . g . including biliary atresia , alpha - 1 antitrypsin 
deficiency , alagille syndrome , and progressive familial intra 
hepatic cholestasis , etc . In addition , liver damage from 
trauma may also be treated , e . g . damage caused by acci 
dents , gunshot wounds , etc . Further , liver damage caused by 
certain medications may be prevented or treated , for 
example , drugs such as the antiarrhythmic agent amio 
darone , various antiviral drugs ( e . g . nucleoside analogues ) , 
aspirin ( rarely as part of Reye ' s syndrome in children ) , 
corticosteroids , methotrexate , tamoxifen , tetracycline , etc . 
are known to cause liver damage . 
( 0156 ] In other aspects , the disclosure involves a method 
for promoting liver cell proliferation or liver tissue regen 
eration in a subject , comprising administering a composition 
as described herein to a subject in need of at least one of liver 
cell proliferation and liver tissue regeneration , in order to 
promote proliferation of liver cells or regeneration of liver 
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tissue in the subject . In some aspects , administration is 
performed before , during or after liver surgery in the subject , 
for example , liver transplant surgery . The subject may also 
have at least one of cirrhosis , liver injury , and hepatitis . 

tile , juvenile , and adult MLD ) , and acid lipase deficiency 
disorders such as Wolman ' s disease and cholesteryl ester 
storage disease . 
[ 0163 ] The methods involve administering an amount of a 
composition as described herein that is a therapeutically 
effective to prevent or treat the disease or condition . Leptin Deficiency , Leptin Resistance and Lipid Storage 

Disease 
Skin Inflammation [ 0157 ] The present disclosure also provides compositions 

and methods for the treatment of disorders characterized by 
abnormal lipid accumulation ( LA ) . Administration of a 
composition as described herein to mammals which have 
existing abnormal , harmful deposits of lipids ( e . g . lipid 
globules in liver or other organs or tissues wherein deposi 
tion is inappropriate ) , results in a decrease or elimination of 
the lipid deposits and the prevention of additional lipid 
accumulation . Thus , administration prevents abnormal lipid 
deposition and reverses lipid deposition ( accumulation ) that 
is extant when treatment begins . 
[ 0158 ] Disorders that are so - treated are referred to herein 
by phrases such as “ lipid accumulation disorders ” , “ lipid 
deposition disorders ” , etc . and include but are not limited to : 
I . disorders which result from a lack or attenuation of leptin 
activity , due to , for example , 
[ 0159 ] i ) a genetic mutation that causes low levels of 
leptin production , or production of a non - or poorly func 
tioning leptin molecule , such as occurs in leptin deficiency 
( LD ) ; or 
[ 0160 ] ii ) a defect in leptin signaling , caused by e . g . a 
congenital or acquired abnormality or deficiency in the 
functioning of the leptin receptor , e . g . due to a genetic 
mutation of the leptin receptor , or due to an acquired loss of 
receptor sensitivity to leptin binding such as that which 
occurs in leptin resistance ( LR ) ; and 
II . lipid storage disorders , which are generally congenital . 
[ 0161 ] The term “ attenuated leptin activity ” as used herein 
thus embraces leptin deficiency ( LD ) and leptin resistance 
( LR ) as characterized in i ) and ii ) above . Similarly , the term 
“ leptin - deficiency associated lipid accumulation ” as used 
herein embraces lipid accumulation associated with leptin 
deficiency ( LD ) and leptin resistance ( LR ) , as characterized 
in i ) and ii ) above . 
[ 0162 ] Thus , subjects treated by the compositions and 
methods described herein may have at least one symptom of 
leptin deficiency and / or leptin resistance and / or a lipid 
storage disease . These subjects may or may not have i ) a 
genetic mutation that causes low levels of leptin production , 
or production of a non - or poorly functioning leptin mol 
ecule , such as occurs in leptin deficiency ( LD ) ( e . g . a 
mutation in the LEP gene encoding leptin ) ; or ii ) a defect in 
leptin signaling , caused by e . g . a congenital or acquired 
abnormality or deficiency in the functioning of the leptin 
receptor , e . g . due to a genetic mutation of the leptin receptor , 
( e . g . mutations in the Ob ( lep ) gene that encodes the leptin 
receptor ) or due to an acquired loss of receptor sensitivity to 
leptin binding such as that which occurs in leptin resistance 
( LR ) ; or iii ) , a lipid storage disorder , which may be con 
genital . Lipid storage disorders include , for example , neutral 
lipid storage disease , Gaucher disease , Niemann - Pick dis 
ease , Fabry disease , Farber ' s disease , gangliosidoses such as 
GM1 gangliosidoses and GM2 gangliosidoses ( e . g . Tay 
Sachs disease and Sandhoff disease ) , Krabbe disease , 
metachromatic leukodystrophy ( MLD , including late infan 

[ 0164 ] In yet further aspects , subjects who are treated with 
the compositions and methods described herein have been 
diagnosed with an " inflammatory skin disease ” or an 
“ inflammatory skin disorder ” and / or are afflicted with one or 
more skin lesions . Inflammatory skin diseases are typically 
characterized by , for example , reddened , itchy , dry , rough , 
flaky , inflamed , and irritated skin , and the skin may also 
exhibit blisters , scaly plaques , etc . In some aspects , the 
inflammatory skin disease is acute , generally resolving 
within days or weeks even if untreated , and the compositions 
and methods of the disclosure ameliorate symptoms during 
disease resolution ( e . g . lessen itching , redness , etc . ) and / or 
hasten the disappearance of symptoms . Alternatively , in 
some aspects , the skin inflammatory disease / disorder is 
chronic , e . g . without treatment , or even with conventional 
treatment , symptoms persist for weeks , months , or years , or 
even indefinitely . In some aspects , the compositions and 
methods of the disclosure ameliorate ( provide relief from ) 
symptoms of chronic skin inflammation while the disease 
persists ( e . g . lessening itching , redness , cracking and flaking 
of skin , etc . ) and / or also partially or completely cure ( cause 
the complete or nearly complete disappearance of ) symp 
toms which would otherwise be present . 
[ 0165 ) “ Inflammatory skin diseases ” is intended to 
encompass diseases and conditions caused by exposure to 
specific , known or identifiable etiological agents , and also 
diseases / conditions whose causes are less well - defined , e . g . 
they are due to an immune disorder or malfunction ( e . g . an 
autoimmune reaction ) , to stress , to an unidentified allergy , to 
a genetic predisposition , etc . , and / or are due to more than 
one factor . 
101661 . A “ skin lesion ” as used herein refers most generally 
to an area of the skin that has abnormal growth or appear 
ance compared to the skin around it . For example , the area 
of the skin may be one exhibiting a breach of one or more 
of the outer skin layers ( at least the epidermis , and possibly 
the dermis and / or subcutis ( hypodermis ) which exposes 
underlying tissue . Skin lesions include , for example , skin 
ulcers i . e . a local defect , breakdown or excavation of the 
surface of the skin produced by sloughing of necrotic 
inflammatory tissue . Ulcers may be , for example , neuro 
trophic or ischemic in nature , including decubitus ulcers , 
diabetic ulcers , ( which are frequently foot ulcers ) , etc . The 
treatment of venous and arterial ulcers , typically of the leg 
or foot , is also encompassed . Skin lesions also include those 
caused by deliberate or accidental breaches , e . g . cuts , 
scratches , incisions , etc . , with or without accompanying 
inflammation or infection . A skin lesion may also be referred 
to as a sore , open sore , etc . The underlying cause of a skin 
lesion may be inflammation , infection ( e . g . viral or bacterial 
infection ) , neuropathy , ischemia , necrosis ( e . g . as occurs in 
diabetic ulcers ) , or a combination of one or more of these . 
In addition , many skin diseases are caused by and / or char 
acterized by both inflammation and one or more skin lesions , 
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such as poison ivy , poison oak , and poison sumac ; contact 
with foods , especially acidic foods or spices ; nickel , a 
common component of costume jewelry , watchbands , zip 
pers , etc . ; sunscreen and ingredients thereof , e . g . para 
aminobenzoic acid ( PABA ) - based chemicals ; etc . 
[ 0172 ] Methods of the present description include admin 
istering an amount of a composition as described herein that 
is a therapeutically effective to prevent or treat the disease or 
condition . 

and all such skin diseases and / or lesions , or symptoms 
thereof , can be treated by the compositions and methods 
disclosed herein . 
[ 0167 ] For the avoidance of doubt , skin lesion includes 
skin necrosis . Thus , the methods and techniques described 
herein are suitable for treating or prophylactically treating 
skin necrosis . 
[ 0168 ] Inflammatory skin diseases / disorders ( particularly 
chronic inflammatory skin diseases ) , include but are not 
limited to , for example : atopic dermatitis , all types of 
psoriasis , acne , ichthyosis , contact dermatitis , eczema , pho 
todermatoses , dry skin disorders , herpes simplex , zoster 
( shingles ) , sunburn ( e . g . , severe sunburn ) , etc . References 
herein to psoriasis refer to all types of psoriasis unless 
otherwise specified . 
101691 In some aspects , the disease / condition that is 
treated is psoriasis , including all types of psoriasis such as 
plaque flexural , guttate , pustular , nail , photosensitive , and 
erythrodermic psoriasis . Psoriasis is generally recognized as 
an immune disorder and may be triggered by or associated 
with factors such as infection ( e . g . strep throat or thrush ) , 
stress , injury to skin ( cuts , scrapes , bug bites , severe sun 
burns ) , certain medications ( including lithium , antimalari 
als , quinidine , indomethacin ) , etc . and may be comorbid 
with other immune conditions such as Crohn ' s disease , type 
2 diabetes , cardiovascular disease , high blood pressure , high 
cholesterol , depression , ulcerative colitis , etc . Psoriasis due 
to any of these causes , or any other cause or an unknown 
cause , may be treated by the formulations and methods 
described herein . 
[ 0170 ] In some aspects , the disease / condition that is 
treated is eczema . Eczema is a general term used to describe 
a variety of conditions that cause an itchy , inflamed skin 
rash , and refers to any superficial inflammatory process 
involving primarily the epidermis , marked early by redness , 
itching , minute papules and vesicles , weeping , oozing , and 
crusting , and later by scaling , lichenification , and often 
pigmentation . Various types of eczema are known , including 
asteatotic eczema , eczema herpeticum , nummular eczema , 
neurodermatitis , xerotic eczema erythema ( dry scaling , fine 
cracking , and pruritus of the skin , occurring chiefly during 
the winter when low humidity in heated rooms causes 
excessive water loss from the stratum corneum ) , and atopic 
dermatitis . 
[ 0171 ] Atopic dermatitis , a form of eczema , is a non 
contagious disorder characterized by chronically inflamed 
skin and sometimes intolerable itching . Atopic dermatitis 
refers to a wide range of diseases that are often associated 
with stress and allergic disorders that involve the respiratory 
system , like asthma and hay fever . Although atopic derma 
titis can appear at any age , it is most common in children and 
young adults , e . g . infantile eczema . Characterized by skin 
that oozes and becomes encrusted , infantile eczema most 
often occurs on the face and scalp . In one aspect , the atopic 
dermatitis is contact allergic dermatitis , caused , for example , 
by exposure to an agent that causes an allergic reaction . 
Common triggers of atopic dermatitis include , for example , 
soap and household cleaners ( e . g . all - purpose cleaners , dish 
detergents , laundry detergent , window cleaners , furniture 
polish , drain cleaners , toilet disinfectants , etc . ) ; clothing 
( e . g . rough fabrics like wool ) ; heat ; contact with latex ; 
cosmetics and ingredients of cosmetics ( e . g . ascorbic acid , 
paraban preservatives , and alpha hydroxy acids such as 
glycolic acid , malic acid , and lactic acid ) ; oils from plants 

Prevention / Treatment of Two or More Diseases / Conditions 
[ 0173 ] . In some aspects , the subjects treated by the com 
positions and methods described herein receive treatment 
with two or more separate compositions , each of which 
comprises 25HC3S or pharmaceutically acceptable salt 
thereof , and each of which is prescribed or used for a 
different disease or condition . For example , a subject that is 
taking an oral dosage form of 25HC3S or pharmaceutically 
acceptable salt thereof ( e . g . as described in U . S . Pat . No . 
8 , 399 , 441 ) , or a composition as described herein , to treat 
high cholesterol , may also be treated for a different disorder 
e . g . acute liver failure due to APAP overdose , with an IV 
formulation of a different composition as described herein , 
or even with a third composition such as a topical formu 
lation to treat e . g . contact dermatitis . The different compo 
sitions may have different properties , e . g . the form may 
differ ( e . g . a tablet vs liquid vs cream ) , the mode or delivery 
may differ ( e . g . oral vs intravenous vs topical ) and the 
concentration of 25HC3S or pharmaceutically acceptable 
salt thereof and other components in the composition may 
differ to suit the particular disease or condition . The recom 
mended dosing regimen and the duration of the treatment 
may also differ but may overlap , e . g . a patient may be treated 
for dermatitis with a topical cream while taking an oral 
preparation ( e . g . a capsule ) for high cholesterol and / or while 
being treated for ALF due to an APAP overdose . The 
treatment for high cholesterol may involve a regimen of one 
daily tablet for many years with a relatively low dosage of 
25HC3S or pharmaceutically acceptable salt thereof ; the 
treatment for dermatitis may involve application of a cream 
twice daily until symptoms disappear ; and the treatment for 
acute liver failure due to APAP overdose may involve 
administration of large volumes of a composition as 
described herein with very high 25HC3S or pharmaceuti 
cally acceptable salt thereof and / or PG concentrations , and 
lower amounts ( e . g . 5 % or less ) , in one or two boluses . 

Description of Administration of the Compositions 

[ 0174 ] Implementation of the methods generally involves 
identifying patients suffering from or at risk of developing a 
disease or condition described herein , and administering a 
composition as described herein by an appropriate route . 
The exact dosage to be administered may vary depending on 
the age , gender , weight and overall health status of the 
individual patient , or on other treatments being received by 
the patient , as well as the extent or progression of the disease 
condition being treated and the precise etiology of the 
disease . However , in general for administration in mammals 
( e . g . humans ) , sufficient composition is administered to 
achieve 25HC3S or pharmaceutically acceptable salt thereof 
dosages in the range of from about 0 . 001 to about 100 mg 
or more per kg of body weight per 24 hr . , and preferably 
about 0 . 01 to about 50 mg of compound per kg of body 
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weight per 24 hr . , and more preferably about 0 . 1 to about 10 
mg of compound per kg of body weight per 24 hr . are 
effective . Daily doses ( in terms of 25HC3S or pharmaceu 
tically acceptable salt thereof ) generally range from about 
0 . 1 milligram to about 5000 milligrams per person per day . 
In some aspects , the dose is from about 10 milligrams to 
about 2000 milligrams per person per day , or about 100 
milligrams to about 1000 milligrams per person per day . The 
dose will vary with the route of administration , the bioavail 
ability , and the particular formulation that is administered , as 
well as according to the nature of the malady that is being 
prevented or treated . 
10175 ] Administration may be oral or parenteral , including 
intravenously , intramuscularly , subcutaneously , intradermal 
injection , intraperitoneal injection , etc . , or by other routes 
( e . g . transdermal , sublingual , rectal and buccal delivery , 
inhalation of an aerosol , intravaginally , intranasally , topi 
cally , as eye drops , via sprays , by iontophoresis , by photoa 
coustic - guided drug delivery , microneedle delivery , etc . The 
route of administration typically depends on the nature of 
the condition that is treated and one . g . whether the treatment 
is prophylactic or intended to effect a cure of disease that is 
present . For example , to achieve a preventative effect before 
organ dysfunction has occurred , oral dosing may be sufli 
cient , especially in view of the excellent bioavailability of 
orally administered 25HC3S or pharmaceutically acceptable 
salt thereof . Further , administration of the compound by any 
means may be carried out as a single mode of therapy , or in 
conjunction with other therapies and treatment modalities , 
e . g . surgery , other medicaments ( e . g . pain medications , etc . ) , 
neutraceuticals , diet regimens , exercise , etc . In some 
aspects , the product involves a ready to use product solution 
that can be administered by intravenous bolus , intravenous 
infusion ( upon dilution with pharmaceutically appropriate 
diluents ) , intramuscular , subcutaneous , or oral routes . In 
other aspects , the product involves a solid ( e . g . a lyophilized 
solid ) that is reconstituted prior to administration . 
[ 0176 ] The subject to whom the composition is adminis 
tered is generally a mammal , frequently a human , but this is 
not always the case . Veterinary applications of this technol 
ogy are also contemplated , e . g . for companion pets ( cats , 
dogs , etc . ) , or for livestock and farm animals , for horses , and 
even for " wild ” animals that have special value or that are 
under the care of a veterinarian , e . g . animals in preserves or 
zoos , injured animals that are being rehabilitated , etc . 
[ 0177 ] In some aspects , the compositions are administered 
in conjunction with other treatment modalities such as 
various pain relief medications , anti - arthritis agents , various 
chemotherapeutic agents , antibiotic agents , various intrave 
nous fluids ( e . g . saline , glucose , etc . ) , and the like , depend 
ing on the malady that is afflicting the subject . “ In conjunc 
tion with ” refers to both administration of a separate 
preparation of the one or more additional agents , and also to 
inclusion of the one or more additional agents in a compo 
sition of the present disclosure . For example , aspirin , ibu 
profen and acetaminophen , which all have potential serious 
organ - damaging side effects when taken long term , or when 
taken by certain vulnerable groups ( e . g . the very young , the 
elderly , etc . ) , or when overdoses are ingested , etc . , may be 
administered by inclusion in a composition as described 
herein . Accordingly , dosage forms comprising 25HC3S or 
pharmaceutically acceptable salt thereof and at least one 
cyclic oligosaccharide , e . g . , CD , and one or more of such 
agents are contemplated . 

[ 0178 ] The administration of the compound of the present 
disclosure may be intermittent , or at a gradual or continuous , 
constant or controlled rate . In addition , the time of day and 
the number of times per day that the pharmaceutical formu 
lation is administered may vary and are best determined by 
a skilled practitioner such as a physician . For example , for 
treatment of an APAP overdose , the compound may be 
administered within 1 week , such as within 1 day , within 12 
hours , within 4 hours , within 1 hour , or within 10 minutes , 
of an overdose e . g . of an agent that causes organ damage . 
The compound may be administered at least once a day ( e . g . , 
twice daily ) before surgery for at least 1 month or at least 1 
week , or at least 1 day before surgery , or even during 
surgery , e . g . surgery related to or associated with or which 
may cause organ failure ( e . g . surgery that involves inten 
tional ischemia / reperfusion ) . The compound may also be 
administered on at least a daily basis ( e . g . , twice daily ) after 
surgery for at least 1 day , at least 1 week , or at least 1 month . 
For example , the surgery may be heart surgery ( e . g . , coro 
nary artery bypass grafting ( CABG ) ) , cardiovascular sur 
gery , heart - lung transplant , lung surgery ( e . g . , pulmonary 
embolism surgery ) , deep vein thrombosis ( DVT ) surgery , 
brain surgery , liver surgery , bile duct surgery , kidney surgery 
( e . g . , kidney stone surgery ) , gastrointestinal surgery ( e . g . , 
intestinal , intestinal blockage , diverticulitis , or intestinal 
torsion surgery ) , or aneurysm surgery . In some cases , such 
as when one or more organs to be treated comprises a liver , 
the administering may occur for not more than 14 days , such 
as not more than 10 days , not more than 8 days , not more 
than 5 days , or not more than 1 day . 
0179 ) The compositions ( preparations ) of the present 
disclosure may be formulated for administration by any of 
the many suitable means which are known to those of skill 
in the art , including but not limited to : orally , by injection , 
rectally , by inhalation , intravaginally , intranasally , topically , 
as eye drops , via sprays , etc . In some aspects , the mode of 
administration is oral , by injection or intravenously . Typi 
cally , oral administration is particularly effective when used 
prophylactically , e . g . to prevent organ damage ( e . g . caused 
by or necrosis and / or apoptosis ) and that would otherwise 
occur in a patient who is taking an organ - damaging agent 
and / or is exposed to a toxic agent such as radiation , either 
acutely or for a prolonged period of time , e . g . weeks , months 
or years . When damage has already occurred , and especially 
when disease symptoms are already evident , the route of 
administration is generally parenteral or intravenous to 
speed delivery of the active agents in the composition . 
10180 ] The present disclosure will be further illustrated by 
way of the following Examples . These Examples are non 
limiting and do not restrict the scope of the disclosure . 

EXAMPLES 

Example 1 . Solubility Studies 
[ 0181 ] This Example describes pharmaceutically appro 
priate aqueous based solution compositions comprising 
25HC3S and various cyclodextrins . 
10182 ] This Example documents the determination that 
the solubility of 25HC3S forms stable inclusion complexes 
with cyclodextrins , and that such inclusion complexes are 
highly water soluble relative to the non - complexed drug . 
Solubility in Cyclodextrins 
[ 0183 ] A total of six suspensions of 25HC3S sodium salt 
were prepared in water containing 0 , 50 , 100 , 200 , 250 and 
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400 mg / mL hydroxypropyl - ß - cyclodextrin ( HPLCD , 
hydroxypropyl betadex ) or sulfobutyl ether ß - cyclodextrin 
( SBECD , Captisol® ) . Both cyclodextrins are used in 
approved pharmaceutical products and are manufactured as 
Good Manufacturing Practice ( GMP ) excipients . Each sus 
pension was agitated at room temperature , aliquots were 
centrifuged , and the supernatant solutions assayed for 
25HC3S concentrations by a reverse phase HPLC method . 
The solubility data of 25HC3S as a function of HPCD 
concentrations is in Table 1 and as a function of SBECD 
concentrations is in Table 2 . 

TABLE 1 
Solubility of 25HC3S as function of HPLCD 

concentrations at room temperature 

Concentration of 
HPLCD ( mg / mL ) 

Molar of HPLCD 
( MW = 1460 ) 

25HC3S 
Solubility 
( mg / mL ) 

Molar of 25HC3S 
( MW = 504 . 7 ) 

400 
250 
200 
100 

0 . 2740 
0 . 1713 
0 . 1370 
0 . 0685 
0 . 0342 
0 . 0000 

65 . 18 
42 . 37 
31 . 97 
18 . 44 
9 . 78 
0 . 14 

0 . 12915 
0 . 08395 
0 . 06334 
0 . 03654 
0 . 01938 
0 . 00028 

50 

TABLE 2 

Solubility of 25HC3S as function of SBECD 
concentrations at room temperature 

Concentration of Molar of SBECD 
SBECD mg / mL ( MW = 2163 ) 

25HC3S 
Solubility 
( mg / mL ) 

Molar of 25HC3S 
( MW = 504 . 7 ) 

concentrations ( also moles ) . As seen in FIG . 2 , both cyclo 
dextrins are equally capable , on a molar basis , of solubiliz 
ing 25HC3S to the same extent in water . 
Solubility of 25HC3S in Water with HPLCD at Multiple 
Temperatures 
10186 ] The optimal concentration of HPCD to solubilize 
a high amount of 25HC3S , and to contain a small amount of 
buffer ( 10 mM phosphate buffer ) to minimize pH changes on 
stability , is 250 mg / mL HPLCD . The solution of 30 mg / mL 
25HC3S sodium salt , 250 mg / mL HPLCD with 10 mM 
sodium phosphate buffer in water has an osmolality of 
approximately 320 mmol / kg . Isotonic solutions range from 
270 - 340 mmol / kg . Higher concentrations of HPLCD greater 
than 250 mg / mL with higher than 30 mg / mL concentrations 
of 25HC3S lead to hypertonic solutions . Hypertonic solu 
tions can cause pain upon subcutaneous and intramuscular 
injection . Conversely , concentrations of HPCD much less 
than 250 mg / mL with much less than 30 mg / mL concentra 
tions of 25HC3S require the addition of an isotonic agent , 
such as sodium chloride or mannitol , to bring the isotonicity 
into the expected range for a parenteral dosage form . 
[ 0187 ] To confirm that the optimal formulation containing 
30 mg / mL 25HC3S sodium salt with 250 mg / mL HPLCD 
with 10 mM phosphate buffer has adequate solubility over 
the temperatures of manufacture and storage , a solubility 
study was conducted at 5° C . , 15° C . and 25° C . A total of 
five suspensions of 25HC3S were prepared in 10 mM 
sodium phosphate buffer at pH 7 . 6 containing 0 , 50 , 100 , 
250 and 400 mg / mL HPLCD . The suspensions were initially 
sonicated and then stirred . Each suspension ( 40 mL for the 
suspension without HPLCD and 20 mL for the remaining 
suspensions ) was then equally divided into 3 vials and stored 
in 5° C . , 15° C . and 25° C . / 60 % relative humidity ( RH ) 
stability chambers . 
[ 0188 ] Each suspension was stirred constantly in the sta 
bility chambers by a small spin bar and electronic stirrer . At 
day 1 and day 3 , half of each suspension ( approximately 6 
mL for the sample without HPLCD and 3 mL for the rest of 
the suspensions with HPLCD ) was withdrawn from the vial 
with a 3 or 5 mL disposable syringe . A syringe filter was then 
attached to the syringe for filtration of the suspensions . To 
minimize sample temperature changes during filtration , the 
syringe and filter were equilibrated at the respective stability 
chamber temperatures before their use . Approximately 3 mL 
of the filtrate for the sample without HPbCD and 1 mL of the 
filtrate for the remaining suspensions in HPLCD were dis 
carded to ensure that the filter membrane was sufficiently 
saturated with 25HC3S to prevent absorption of the drug 
from the remaining filtrate . Then approximately 0 . 5 mL to 
1 . 5 mL of filtrate was collected for HPLC analysis . At day 
3 , the remaining filtered portions were measured for pH . 
Reverse phase HPLC was used for measuring the concen 
tration of 25HC3S in the solubility samples . 
[ 0189 ] The Day 3 solubility results are listed in Table 3 . 
The results indicate that the solubility of 25HC3S in the 
presence of HPLCD is not temperature dependent between 
5° C . and 25° C . This allows the 25HC3S solution formu 
lation to be stored at several different long term storage 
conditions to maximize physical and chemical stability of 
25HC3S . 

400 
200 
100 
50 

0 . 1849 
0 . 0925 
0 . 0462 
0 . 0231 

44 . 76 
21 . 24 

9 . 86 
6 . 03 
0 . 14 

0 . 08869 
0 . 04208 
0 . 01954 
0 . 01195 
0 . 00028 

[ 0184 ] FIG . 1 depicts a solubility phase diagram which is 
a plot of the maximum equilibrium solubility of 25HC3S 
sodium salt as a function of HPLCD and SBECD concen 
trations in water . The ordinate ( Y - axis ) is drug solubility 
( units are mg / mL ) and the abscissa ( X - axis ) is HPbCD and 
SBECD concentrations ( also mg / mL ) . The data in FIG . 1 
indicates that as HPCD concentrations are increased , 
greater amounts of 25HC3S are solubilized . The relative 
amounts of HPLCD needed to solubilize 25HC3S are in an 
approximately 6 to 1 ratio , on a mg / mL basis . For example , 
a 400 mg / mL solution of HPLCD will solubilize 66 mg / mL 
of 25HC3S . This ratio is constant from low to high solubility 
of 25HC3S . If 30 mg of 25HC3S is intended for SC 
administration , where the clinical dosing volume is 1 mL or 
less , then a 30 mg / mL 25HC3S solution solubilized by 250 
mg / mL HPLCD , can be administered . If 30 mg of 25HC3S 
is intended for intravenous bolus injection , where a bolus 
injection dosing volume can be 6 mL , then a 5 mg / mL 
25HC3S solution solubilized by 42 mg / mL HPLCD , can be 
administered . 
[ 0185 ] FIG . 2 is a solubility phase diagram which is a plot 
of the maximum equilibrium solubility of 25HC3S sodium 
salt as a function of HPLCD and SBECD concentrations in 
water . The ordinate ( Y - axis ) is drug solubility ( units are 
moles ) and the abscissa ( X - axis ) is HPLCD and SBECD 
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TABLE 3 
Solubility of 25HC3S as a function of HPLCD concentrations at 

5° C . , 15° C . and 25° C . / 60 % RH 

Solubility 
( mg / mL ) 
at Day 3 
Day 3 

Storage 
Condition 

HPLCD Concentration 
( mg / mL ) 

pH of Filtrate 
Day 3 

5° C . 0 
50 
100 
250 

0 . 0 
9 . 32 

18 . 31 
42 . 80 
66 . 89 400 

15° C . 0 0 . 0 
50 

7 . 62 
7 . 70 
7 . 80 
8 . 06 
8 . 42 
7 . 59 
7 . 77 
7 . 98 
8 . 07 
8 . 26 
7 . 532 
7 . 65 
7 . 672 
7 . 842 

25° C . / 60 % RH 

9 . 50 
18 . 51 
43 . 79 
68 . 10 

0 . 0061 
9 . 90 

18 . 33 
42 . 37 
70 . 80 

100 
250 
400 

0 
50 

100 
250 
400 8 . 342 

Sample Preparation for the Solubility Study : 
[ 0192 ] Approximately 30 to 50 mg of 25HC3S was 
weighed into a 20 mL vial ( 5 vials total , one vial for each 
vehicle ) . Approximately 8 mL each of 5 and 10 % ( w / v ) 
a - CD , 1 % ( w / v ) B - CD , and 5 and 10 % ( w / v ) y - CD con 
taining 10 mM phosphate buffer at pH 7 . 4 was added to each 
vial , respectively . The samples were sonicated and vortexed 
to disperse the drug . The drug suspensions in these 5 vials 
were stirred at 500 rpm at ambient RT ( 20 . 0 - 22 . 2° C . ) . On 
day 1 , approximately 1 . 2 mL each of the suspensions was 
transferred into 2 mL conical vials ( a total of 5 vials for each 
suspension ) and centrifuged at 12 , 000 rpm for 10 min . 
Approximately 1 mL of the supernatant from each suspen 
sion ( prior to filtration ) was used for HPLC analysis . The 
supernatants for the rest of the vials from the same suspen 
sion were combined together and filtered through 0 . 45 uM , 
13 mm in diameter Acrodisk syringe filter with Nylon 
membrane . The first 2 - mL of filtrate was discarded . The next 
2 consecutive filtrates of 0 . 5 - 0 . 7 mL each were collected into 
HPLC vials for analysis . 
[ 0193 ] The solubility of a , ß and y CD in water is 12 . 9 , 1 . 8 
and 24 . 9 % ( w / v ) , respectively ( relatively lower compared to 
the solubility of HP - B - CD in water at 50 % w / v at 25° C . ) . 
Therefore , a total of 5 vehicles well within their solubility 
limits were prepared : 5 and 10 % ( w / v ) a - CD , 1 % ( w / v ) 
B - CD and 5 and 10 % ( w / v ) y - CD in 10 mM phosphate buffer 
at pH 7 . 4 . The solubility of 25HC3S in these 5 vehicles was 
determined and summarized in Table 4 . 25HC3S shows the 
best solubility in 1 % ( w / v ) B - CD ( 2177 . 4 ug / mL ) . The 
solubility of 25HC3S in 5 and 10 % ( w / v ) a - CD is very low , 
32 . 9 and 45 ug / mL , respectively . The solubility of 25HC3S 
in 5 and 10 % ( w / v ) y - CD is 564 . 4 and 152 . 1 ug / mL , 
respectively . An experiment was repeated to confirm that the 
solubility of 25HC3S in 5 % ( w / v ) y - CD is actually greater 
than that in 10 % ( w / v ) y - CD . The repeated solubility of 
25HC3S in 5 and 10 % ( w / v ) Y - CD was 292 . 4 and 98 . 2 
ug / mL , respectively . The repeated solubility was slightly 
lower compared to the initial study ( probably because the 
solubility is not the equilibrium solubility ) . However , the 
solubility trend ( greater solubility in 5 % ( w / v ) y - CD ) was 
confirmed . 

The 25HC3S suspension samples without HPLCD were centrifuged for solubility 
determination . Filtered samples had no detectable 25HC3S at the methods detection limit 
of 0 . 001 mg / mL . Millex GV 0 . 2 um syringe filter was used for filtration of the solubility 
samples with HPLCD present 
There was not enough day 3 filtrate left for pH measurements . The suspension ( left 

overnight at ambient room temperature after day 3 solubility study ) was centrifuged at 
12 , 000 rpm for 10 minutes . The supernatant was used for the pH measurements . 

Solubility of 25HC3S in Water with Other Cyclodextrins 
[ 0190 ] The solubility of 25HC3S at ambient room tem 
perature for one day in 5 and 10 % ( w / v ) alpha cyclodextrin 
( a - CD ) , 1 % ( w / v ) beta cyclodextrin ( B - CD ) and 5 and 10 % 
( w / v ) gamma cyclodextrin ( y - CD ) , each containing 10 mM 
phosphate buffer at pH 7 . 4 was determined by an HPLC 
method . 

Method 
[ 0191 ] A - CD , B - CD and y - CD were used in the study . 
Sodium phosphate monobasic , monohydrate and sodium 
phosphate , dibasic , anhydrous were used to prepare 10 mm 
phosphate buffer at pH 7 . 4 . 

TABLE 4 
Solubility of 25HC3S as a function of Cyclodextrin at Room Temperature 

alpha - CD 
( mg / mL ) 

alpha - 
CD % 
wt / vol ) 

25HC3S 
Solubility 
( ug / mL ) 

alpha - 
CD 

( MM ) 

25HC3S 
Solubility 

( MM ) 

Ratio of 
CD / 25HC3S Complexation 
( MM / mM ) with CD 

6 NA 0 
50 

100 

0 
5 

0 . 000 
51 . 395 
102 . 791 

32 . 9 
45 

0 . 012 
0 . 065 
0 . 089 

NA 
791 

1155 
no 
no 

beta - CD 25HC3S 
beta - CD ( % Solubility 
( mg / mL ) wt / vol ) ( ug / mL ) 

beta - CD 
( MM ) 

25HC3S Ratio of 
Solubility CD / 25HC3S 

( MM ) ( mM / mM ) 
Complexation 
with CD 

6 NA 0 . 000 
8 . 811 

0 . 012 
4 . 314 

?? 
yes 10 2177 . 4 2 

gamma - gamma - 25HC3S 
CD CD % Solubility 

( mg / mL ) wt / vol ) ( ug / mL ) 

gamma - 
CD 

( MM ) 

25HC3S Ratio of 
Solubility CD / 25HC3S 
( MM ) ( MM / mM ) 

Complexation 
with CD 

0 6 
SO 

0 . 000 
38 . 547 
77 . 093 

564 . 4 
152 . 1 

0 . 012 
1 . 118 
0 . 301 

NA 
34 

256 
no 

100 10 no 
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Example 2 . Manufacturing of 25HC3S 
Cyclodextrin Formulations 

[ 0194 ] I . Manufacturing 25HC3S Sodium Salt for Injec 
tion , 30 mg / mL after Constitution 
Preparation of Sterile Vehicle ( 250 mg / mL HPLCD with 10 
mM Phosphate Buffers in Water ) 
[ 0195 ] Sterile water for injection , USP ( 6 . 14 kg ) was 
added into a 10 L stainless steel vessel . Sodium phosphate 
monobasic monohydrate , USP ( 2 . 05 g ) and 8 . 42 g of sodium 
phosphate dibasic anhydrous , USP were added to the water 
with slow stirring of an overhead mixer at 100 - 200 rpm for 
a minimum of 5 minutes to create a clear solution . HPLCD , 
NF ( 1851 . 85 g ) was added in small portions over 15 minutes 
with slow stirring into the beaker . The stirring was increased 
to 250 - 350 rpm for an additional minimum 30 minutes to 
form a clear solution . The solution was filtered through a 
0 . 22 micron filter . Filtered vehicle ( 7 mL ) was filled into 10 
mL glass vials , which were sealed with 20 mm stoppers , and 
crimp sealed . The vehicle vials were sterilized with gamma 
irradiation at approximately 28 - 32 kGy . 
Preparation of 25HC3S for Injection , 186 mg Vial 
[ 0196 ] 25HC3S sodium salt was micronized by passing 
through a Fluid Energy Model 00 Jet - O - Mizer Jet Mill . 
Micronized drug substance ( 186 mg ) was added into a 10 

mL glass vial , sealed with 20 mm stoppers , and crimp 
sealed . The 25HC3S powder vials were sterilized with 
gamma irradiation at approximately 28 - 32 KGy 
Constitution of 25HC3S Sodium Salt for Injection , 30 
mg / mL after Constitution 
[ 0197 ] Sterile vehicle ( 6 . 0 mL ) comprised of 250 mg / mL 
HPCD and 10 mM phosphate buffer was added to a vial of 
25HC3S micronized powder . The mixture was shaken for 15 
minutes to prepare a solution resulting in a 25HC3S sodium 
salt concentration of 30 mg / mL ( allowing for 3 % dilution 
upon the dissolution of drug ) . The constituted product 
solution can be administered by intravenous bolus , intrave 
nous infusion ( upon dilution with pharmaceutically appro 
priate diluents ) , intramuscular , subcutaneous , or oral routes . 
Similar formulations can be prepared using SBECD at the 
same molar ratio as HPLCD . 
Stability Testing for 25HC3S Sodium Salt for Injection , 30 
mg / mL after Constitution 
[ 0198 ] Stability data for 6 months at 2 - 8° C . to 40° C . / 75 % 
RH for 25HC3S for injection , 30 mg / mL after constitution , 
are listed in Table 5 . This lot of 25HC3S powder , and the 
vehicle used to constitute it , were gamma sterilized at 
approximately 28 - 32 kGy . The data supports a 12 month 
retest date when stored at 2 - 8° C . 
TABLE 5 

Stability testing for 25HC3S sodium salt , 30 mg / mL after constitution 
Stability Storage Condition and Time 
Acceptance 2 - 8° C . Long Term Conditions 

Test 1 , 2 , 3 , 4 Criteria 0 3 Months 6 Months 

Appearance White powder White powder White to off 
white powder 
Read and 
Record 

White to off 
white powder 
Between BY5 

and BY6 
BY6 BY6 Degree of 

Coloration of 
Liquids 
Assay Mean : 98 . 7 % 

( n = 10 , RSD = 3 % ) 
96 . 7 ( 96 . 8 , 96 . 5 ) 100 . 0 ( 100 . 1 , 99 . 8 ) 

0 . 2 

90 . 0 % - 110 . 0 % 
label strength 
of 30 mg / ml 
Report 
Individual 
Unspecified 
Degradant 
20 . 05 % 2 
Report 

0 . 2 
0 . 4 

% Individual 
Unspecified 
Degradant 
( Average n = 2 ) 

0 . 4 
RRT = 0 . 60 
RRT = 0 . 64 
RRT = 2 . 74 
RRT = 3 . 77 

0 . 3 
0 . 4 
0 . 4 0 . 4 0 . 4 

0 . 3 0 . 3 0 . 3 

2 . 5 ( 2 . 4 , 2 . 4 ) 2 . 8 ( 2 . 8 , 2 . 8 ) 3 . 0 ( 2 . 9 , 3 . 0 ) % Total 
Degradation 
Products 
pH 6 . 62 ( 6 . 61 , 6 . 62 ) 5 . 82 ( 5 . 90 , 5 . 73 ) 5 . 34 ( 5 . 34 , 5 . 33 ) 

321 ( 319 , 322 ) 322 ( 320 , 323 ) 323 ( 324 , 321 ) Osmolality 
( mmol / kg ) 
% Water 
Content 

Read and 
Record 
Read and 
Record 
Read and 
Record 

6 . 23 ( RSD = 4 % ) 5 . 62 ( RSD = 2 % ) 6 . 13 ( RSD = 9 % ) 

Storage Condition and Time 

25° C . / 60 % RH Accelerated Condition 40° C . / 75 % RH Stress Condition 

1 Month 3 Months 6 Months 1 Month 3 Months 6 Months 
White powder White powder White powder White powder White to off 

white powder 
BY5 BY5 Between 

BY5 and BY6 
98 . 3 ( 96 . 9 , 99 . 7 ) 

0 . 3 
0 . 4 
0 . 4 

White to off 
white powder 

Between 
BY3 and BY4 
96 . 2 ( 95 . 5 , 96 . 9 ) 

0 . 3 
0 . 4 
0 . 5 

Between 
BY4 and BY5 
95 . 8 ( 96 . 0 , 95 . 6 ) 

0 . 3 
0 . 4 
0 . 4 

Between 
BY3 and BY4 
97 . 1 ( 97 . 2 , 96 . 9 ) 

0 . 4 
96 . 0 ( 96 . 7 , 95 . 3 ) 

0 . 3 
0 . 4 
0 . 4 

96 . 2 ( 96 . 0 , 96 . 3 ) 
0 . 4 
0 . 4 
0 . 4 

0 . 5 
0 . 4 
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TABLE 5 - continued 
Stability testing for 25HC3S sodium salt , 30 mg / mL after constitution 

0 . 3 
2 . 9 ( 2 . 9 , 2 . 8 ) 

5 . 18 ( 5 . 17 , 5 . 18 ) 
330 ( 330 , 330 ) 

5 . 29 ( RSD = 1 % ) 

0 . 3 
2 . 9 ( 2 . 7 , 2 . 9 ) 

4 . 83 ( 4 . 80 , 4 . 85 ) 
322 ( 321 , 323 ) 
5 . 40 ( RSD = 2 % ) 

0 . 3 
3 . 0 ( 2 . 8 , 3 . 0 ) 

4 . 73 ( 4 . 72 , 4 . 73 ) 
319 ( 319 , 319 ) 

5 . 65 ( RSD = 2 % ) 

0 . 3 
2 . 9 ( 2 . 8 , 2 . 7 ) 

4 . 65 ( 4 . 64 , 4 . 66 ) 
330 ( 332 , 328 ) 
5 . 03 ( RSD = 1 % ) 

0 . 4 
3 . 3 ( 3 . 5 , 2 . 9 ) 

4 . 27 ( 4 . 18 , 4 . 36 ) 
327 ( 327 , 326 ) 
5 . 33 ( RSD = 1 % ) 

0 . 3 
2 . 8 ( 2 . 6 , 2 . 8 ) 

4 . 15 ( 4 . 14 , 4 . 15 ) 
324 ( 324 , 324 ) 

6 . 34 ( RSD = 1 % ) 
RRT = relative retention time . 
Only the degradants that were 0 . 3 % or greater on stability are reported in this table . There were 13 other degradants reported between 0 . 05 % and 0 . 2 % at 

2 - 8° C . , 15 other degradants reported between 0 . 05 % and 0 . 2 % at 25° C . / 60 % RH and at 40° C . / 75 % RH . 
RSD = relative standard deviation 

4 BY = brown - yellow 

TABLE 6 - continued 
Stability of 25HC3S as Percent Remaining Compared to t = 0 

25° C . / 
Months - 20° C . 2 - 8° C . 60 % RH 

40° C . / 
75 % RH 50° C . 60° C . 

69 . 8 3 . 0 
9 . 0 

100 . 5 
98 . 6 

100 . 3 
98 . 3 

99 . 7 
98 . 1 

99 
93 61 . 6 

II . Manufacturing 25HC3S Sodium Salt for Injection , 30 
mg / mL , Ready to Use Solution 
[ 0199 ] Sterile water for injection , USP ( 331 . 426 g ) was 
added into a 500 mL glass vessel . Sodium phosphate 
monobasic monohydrate , USP ( 110 . 50 mg ) and 453 . 87 mg 
of sodium phosphate dibasic anhydrous , USP were added to 
the water with slow stirring with spin bar for a minimum of 
5 minutes to create a clear solution . HPLCD , NF ( 100 . 036 g ) 
was slowly added with stirring . The mixture was stirred for 
a minimum 30 minutes to form a clear solution . The solution 
was filtered through a 0 . 2 micron filter . Vehicle filtrate 
( 270 . 096 g ) was transferred into a glass container . 25HC3S 
drug substance ( 8 . 116 g ; not micronized ) was added over 5 
minutes to the glass container with vehicle with stirring . The 
clear solution was sterile filtered through a 0 . 22 micron 
filter . The sterile filtered solution ( 1 . 8 mL ) was filled into 2 
mL glass vials , which were sealed with 13 mm stoppers , and 
crimp sealed . Alternatively , larger volumes of foiinulation 
can be filled into larger size glass vials , stoppered , and 
sealed . The ready to use product solution can be adminis 
tered by intravenous bolus , intravenous infusion ( upon dilu 
tion with pharmaceutically appropriate diluents ) , intramus 
cular , subcutaneous , or oral routes . Similar formulations can 
be prepared using SBECD at the same molar ratio as 
HPLCD . 
Stability Testing of 25HC3S Sodium Salt for Injection , 30 
mg / mL , Ready to Use Solution 
[ 0200 ] Solutions of 25HC3S sodium salt prepared at a 
nominal concentration of 30 mg / mL , with 250 mg / mL 
HPLCD and 10 mM sodium phosphate buffer in water , were 
placed on stability from - 20° C . to 60° C . ( 1 . 8 mL in 2 mL 
glass vials with stoppers and crimp seals ) . At various time 
points , samples were assayed by a reverse phase HPLC 
method , and the 25HC3S concentrations determined . The 
percent of 25HC3S remaining relative to T = 0 at each storage 
condition is listed in Table 6 . The data indicates that 
25HC3S would have acceptable stability for 2 years at - 20° 
C . to 25° C . 760 % RH . 

III . Manufacturing 25HC3S Sodium Salt for Injection , 30 
mg / mL , Lyophilized Powder for Constitution with Water 
[ 0201 ] A 30 mg / mL 25HC3S sodium salt solution in 250 
mg / mL HPLCD was prepared , with or without 10 mM 
sodium phosphate buffer , and with or without 20 mg / mL 
mannitol , in water . These solutions were aseptically sterile 
filtered through 0 . 1 to 0 . 2 micron membranes . The formu 
lation ( 1 mL ) was filled into 2 mL glass vials . The vials were 
placed on a lyophilizer and various cooling / freezing rates 
( 0 . 3 to 2° C . / minute ) and temperatures ( from 5° C . to - 45° 
C . ) , drying rates ( 0 . 2 to 1° C . / minute ) and temperatures 
( - 30° C . to 20° C . ) , times ( 1500 to 1800 minutes ) , and 
vacuum ( 75 to 200 mtorr ) cycles were used to prepare 
lyophilized cakes . The lyophilized cakes were then recon 
stituted by the addition of 1 mL of water for injection . Other 
pharmaceutically acceptable sterile aqueous solutions can 
also be used to reconstitute the product for injection , such as 
5 % dextrose , 0 . 9 % sodium chloride , and lactated ringers 
solutions . The reconstitution times varied from 2 to 4 
minutes with manual shaking . The reconstituted product 
solution can be administered by intravenous bolus , intrave 
nous infusion ( upon dilution with pharmaceutically appro 
priate diluents ) , intramuscular , subcutaneous , or oral routes . 
Similar formulations can be prepared using SBECD at the 
same molar ratio as HPLCD . 

TABLE 6 
Stability of 25HC3S as Percent Remaining Compared to t = 0 

Example 3 . Effect of 25HC3S Administration on 
Acetaminophen ( APAP ) Overdose 

Materials and Methods 
[ 0202 ] The ability of 25HC3S to treat symptoms of APAP 
overdose was examined . 12 - week - old male C57BL / 6J mice 
were fasted overnight and injected ( intraperitoneally ) with 
APAP : 600 mg / kg ( high dose ) for mortality studies or 350 
mg / kg ( low dose ) for liver function and gene studies . 
Control mice received only vehicle ( 20 % ( v / v ) a propylene 
glycol , 4 % ( w / v ) cyclodextrin ( powdered hydroxypropyl 
beta cyclodextrin in sterile 10 % ( w / v ) glucose . 
[ 0203 ] A composition comprising 25 mg / kg of 25HC3S 
sodium salt in vehicle was administered intravenously to the 
experimental mice 0 . 5 hours after APAP administration . 
Mortality was monitored in the high dose mice . In the low 

25° C . / 
Months - 20° C . 2 - 8° C . 60 % RH 

40° C . / 
75 % RH 50° C . 60° C . 

100 100 100 100 100 
99 . 4 
95 . 7 
94 . 2 

100 
97 . 3 
91 . 5 102 . 7 102 . 8 102 . 4 

101 . 6 81 . 5 
88 . 4 
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TABLE 7 - continued dose mice , the liver function markers aspartate aminotrans 
ferase ( AST ) , alanine aminotransferase ( ALT ) , alkaline 
phosphatase ( ALK ) and lactate dehydrogenase ( LDH ) , were 
measured in serum . Impacts on gene expression were deter 
mined by Quantitative Real - time PCR . Membrane potentials 
were measured using JC1 staining and flow cytometry . 

Gene expression change in liver of low dose mice analyzed 
by an RT Profiler TM PCR array and expressed 

as relative fold compared to the control ( C ) group 

Gene function Gene symbol Fold vs C Gene name 
Pro - apoptosis - 2 . 1 Results Fasl 

( NM _ 010177 ) 
Pvr 
( NM _ 027514 ) 

Regulation in 
immune system 

- 3 . 9 

Fas ligand ( TNF 
superfamily , member 6 ) 
Poliovirus receptor 
provided Mortality Studies 

[ 0204 ] The mortality results are shown in FIG . 3 . As can 
be seen , 5 days after the 600 mg / kg APAP overdose , all of 
the mice who did not receive treatment with 25HC3S died . 
In marked contrast , only one of the mice that received 
25HC3S treatment had died . 

TABLE 8 

Gene expression change in liver of low dose mice analyzed 
by an RTP Profiler TM PCR array , relative fold 

compared to the P ( vehicle ) group 

Liver Function Gene Function Gene symbol Fold vs P Gene name 
Anti - apoptosis 3 . 6 Nol3 

( NM _ 030152 ) 

Pro - apoptosis - 10 . 9 Gadd45a 
( NM _ 007836 ) 

Nucleolar protein 3 
( apoptosis repressor 
with CARD domain 
Growth arrest and DNA 
damage - Pro - apoptosis 
inducible 45 alpha 
CD40 antigen Pro - apoptosis - 2 . 7 

102051 One group of low dose mice received treatment 
with 25HC3S in vehicle 0 . 5 hours after the overdose . In this 
group , liver function markers were assessed 24 hours after 
treatment . The liver function markers , ALT , AST and LDH , 
are typically elevated during liver dysfunction or failure , and 
as can be seen in FIG . 4A - 4D , these three markers were 
significantly elevated in control mice who received 350 
mg / kg APAP and no treatment . However , in mice treated 
with vehicle alone , the values were lowered and in mice 
treated with vehicle plus 25 mg / kg of 25HC3S , the values 
were near normal . The differences in the measured values 
were statistically significant . 

Pro - apoptosis - 2 . 6 

Cd40 
( NM _ 011611 ) 
Fasl 
( NM _ 010177 ) 
Tnf 
( NM _ 013693 ) 

Fas ligand ( TNF 
superfamily , member 6 ) 
Tumor necrosis factor Pro - apoptosis - 2 . 4 

Pyr - 3 . 3 Regulation in 
immune system ( NM _ 027514 ) 

Poliovirus receptor 
provided 

[ 0207 ] These results show that administration of 25HC3S 
influences the expression of genes that are involved in 
apoptosis and immune system regulation . In particular , 
anti - apoptosis genes are up - regulated and pro - apoptosis 
genes are down - regulated . 

Changes in Gene Expression 
[ 0206 ] Changes in gene regulation in low dose mice 24 
hours after the administration of vehicle and vehicle plus 
25HC3S were investigated . The 12 - week - old male C57BL / 
6J mice had received 350 mg / kg APAP via intraperitoneal 
injection and 30 min later received 7 . 6 % glucose / H , O ( C ) or 
vehicle ( 20 % PG / 4 % HCD / 7 . 6 % glucose , P ) or 25HC3S 
( 3S ) . Twenty four hours following APAP injection , liver 
tissue was harvested and total mRNA was extracted and 
analyzed using an RT2 ProfilerTM PCR Array assay . The 
results are presented in FIG . 5A - D and the expression levels 
of the most highly regulated genes are presented in Table 7 
and Table 8 . The listed genes are involved in apoptosis 
and / or immune system regulation . 

Example 4 . Evaluation of the Anti - Inflammatory 
Activity of 25HC3S Administered Intradermally in 
an Imiquimod ( IMQ ) - Induced Psoriasis Model in 

Mice 

Materials and Methods 

TABLE 7 

Animals 
[ 0208 ] The subjects for the study were 40 male Balb / C 
mice ( 18 - 22 g ) . Animals exhibiting no signs of clinical 
distress , disease or injury during a 72 - hr quarantine period 
were accepted for the study and received routine animal care 
throughout . The backs of all mice were shaved for an area 
of about 1 . 5 cmx2 cm . 

Gene expression change in liver of low dose mice analyzed 
by an RT2 Profiler TM PCR array and expressed 

as relative fold compared to the control ( C ) group 

Gene function Gene symbol Fold vs C Gene name 
Anti - apoptosis Nol3 

( NM _ 030152 ) 
5 . 3 

Pro - apoptosis - 9 . 3 Gadd45a 
( NM _ 007836 ) 
Tnfrsf11b 
( NM _ 008764 ) 

Pro - apoptosis - 2 . 9 

Nucleolar protein 3 
( apoptosis repressor with 
CARD domain 
Growth arrest and DNA 
damage - inducible 45 alpha 
Tumor necrosis factor 
receptor superfamily , 
member 11a 
Apoptotic peptidase 
activating factor 1 
CD40 antigen 

Formulations 
[ 0209 ] Two formulations of 25HC3S , Formulation A and 
Formulation B , were used for the study . 
[ 0210 ) Formulation A was a clear solution of 25HC3S 
sodium salt ( 30 mg / mL ) in a solution vehicle ( 250 mg / mL 
hydroxypropyl betadex ( beta cyclodextrin , 2 - hydroxypropyl 
ether , a partially substituted poly ( hydroxypropyl ) ether of 
beta cyclodextrin ) and 10 mM sodium phosphate buffer in 
sterile water ) . Vehicle was stored at 2 - 8° C . storage and 
placed at room temperature for 30 min . prior to mixing with 
powdered 25HC3S just prior to use . Dissolution of the 

Pro - apoptosis - 2 . 2 Apafi 
( NM _ 009741 ) 
Cd40 
( NM _ 011611 ) 

Pro - apoptosis - 2 . 1 
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of the back skin was significantly reduced in mice treated 
with the Formulation B suspension . Erythema of the back 
skin was not significantly reduced in mice treated with the 
Formulation A , and erythema of the right ear was not 
significantly reduced in mice treated with Formulation A or 

25HC3S in Vehicle A was rapid and appeared to be complete 
upon mixing . The concentration of 25HC3S sodium salt in 
solution was 30 mg / ml . 
[ 0211 ] Formulation B was a milky suspension of 25HC3S 
sodium salt ( 25 mg / mL ) in a suspension vehicle ( 30 mg / mL 
polyethylene glycol 3350 , 3 mg / mL polysorbate 80 , 7 . 5 
mg / ml NaCl , and 10 mM sodium phosphate buffer in sterile 
water ) . The 25HC3S was milled using a Fluid Energy Model 
00 Jet - O - MizerTM to approximately 5 microns average par 
ticle size ( measured by a Malvern Mastersizer 2000 
equipped with a Hydro 2000S dispersion cell ) . Vehicle was 
stored at 2 - 8° C . storage and placed at room temperature for 
30 min prior to mixing with powdered 25HC3S just prior to 
use . Because Formulation B is a suspension , the following 
mixing protocol was used : 3 . 0 mL of suspension vehicle was 
added to a vial containing pre - weighed powdered 25HC3S . 
The vial was shaken for 15 minutes on a flatbed shaker to 
create a uniformly white suspension , and then manually 
inverted 5 - 10 times , and shaken for 5 more minutes . In 
addition , immediately before administration , the vial was 
manually inverted 5 - 10 times to ensure uniformity of sus 
pension . 

10218 ] FIGS . 8A and 8B show IL - 17 and TNFa protein 
levels , respectively , in psoriatic skin / lesions as measured by 
ELISA . As can be seen , IL - 17 trended lower in the Formu 
lation B group compared to the respective vehicle group 
whereas no major differences were observed the Formula 
tion A and its vehicle groups . In contrast , TNFa protein 
levels were modestly reduced in the skin tissue of Formu 
lation A - treated mice compared to vehicle while increased in 
Formulation B - treated mice compared to its respective 
vehicle . While these results seem contradictory , one caveat 
of this study is that depending on where the tissue was 
collected ( at the site of the intradermal injection which was 
contained to a small region of the lesion versus unexposed 
regions of the psoriatic lesion ) , protein levels may be 
dramatically variable within treatment groups . In all , we find 
that 25HC3S promotes reduction in erythema in a rodent 
model of psoriasis . 

Example 5 . Evaluation of 25HC3S on Survival in a 
Rodent Model of LPS Endotoxin Shock 

Material and Methods 

Administration of IMQ , Vehicle and 25HC3S 
( 0212 ) IMQ was applied topically once daily in the morn 
ing to the shaved back skin ( 50 mg ) and the right ear ( 12 . 5 
mg ) of each mouse in order to induce psoriasis - like condi 
tions . 
[ 0213 ] The 25HC3S in vehicle or the vehicle alone were 
administered once on Days 0 and 1 and once on Days 3 and 
4 by intradermal injection . Injections were done approxi 
mately 6 hours after the day ' s IMQ application . Intradermal 
injections ( 50 uL / injection / mouse ) were given into the site 
of the back skin lesion . 

Animals 
[ 0219 ] The subjects for the study were 20 male C57BL / 6J 
mice ( 20 - 22 weeks of age , 27 - 35 g ) . Animals exhibiting no 
signs of clinical distress , disease or injury during a 72 - hr 
quarantine period were accepted for the study and received 
routine animal care throughout . 

Monitoring and Measuring Parameters 
[ 0214 ] Mice were monitored for signs of distress and daily 
photos of the back lesions were taken . Erythema , scaling , 
and thickness of the back skin was scored daily on a scale 
from 0 to 4 by an independent scorer ( blind ) , where ( = none ; 
1 = slight ; 2 = moderate ; 3 = marked ; and 4 = very marked . A 
cumulative score ( erythema + scaling + thickening ) was calcu 
lated as an indicator of the severity of the inflammation ( on 
a scale of 0 - 12 ) . Ear and back skin thickness was measured 
by electronic calipers as an indicator of edema . 

Formulation 
[ 0220 ] A solution formulation of 25HC3S and its respec 
tive vehicle was used for the study . The vehicle was a 
solution of 4 % ( w / v ) hydroxypropyl betadex , 10 % ( w / v ) 
dextrose , with 10 mM sodium phosphate buffer in sterile 
water . Vehicle was stored at 2 - 8° C . storage and placed at 
room temperature for 30 minutes prior to dosing . 
10221 ] 25HC3S sodium salt was pre - dissolved into the 
vehicle solution to result in a drug concentration of 5 
mg / mL . The 25HC3S solution was ready - to - use at the start 
of dosing . It was also stored at 2 - 8° C . storage and placed at 
room temperature for 30 minutes prior to dosing the mice . Termination ( Day 6 ) 

[ 0215 ] All mice in the study were anesthetized and exsan 
guinated . The blood was collected , processed to sera and 
stored at - 80° C . for analytical use . 

Histopathology 
[ 0216 ] The shaved back skin was collected from each 
animal at termination , weighed and cut into two halves ( cut 
in half down the middle along the spine ) . One half was 
preserved in 10 % neutral buffered formalin for histopathol 
ogy . The other half of back skin was homogenized for 
measurement of cytokines TNFa and IL - 17 . 

Administration of 25HC3S and LPS Endotoxin 
[ 0222 ] 50 mg / kg of 25HC3S in vehicle or vehicle alone 
( N = 10 / group ) were administered to mice once by intraperi 
toneal injection 2 hours prior to LPS delivery . A semi - lethal 
dose of LPS ( 5 mg / kg ) was given by intravenous injection 
to the tail vein in order to induce an acute inflammatory 
response that mimics systemic sepsis - like conditions . 

Results 
[ 0217 ] The results of this study are presented in FIGS . 7 
and 8A and 8B . As can be seen in FIG . 7 , erythema ( redness ) 

Monitoring and Measuring Parameters 
[ 0223 ] Mice were monitored for survival for 6 days after 
25HC3S and LPS treatments . Animal checks for mortality 
were performed twice daily during the 6 day observation 
period . Animals were examined for any altered clinical 
signs , including gross motor and behavioral activity , and 
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observable changes in appearance . Moribund animals and 
animals experiencing undue pain and suffering were eutha 
nized at the discretion of the Study Director , attending 
veterinarian , or other qualified persons . 
Results 
[ 0224 ] The mortality results are shown in FIG . 9 . Six days 
after 5 mg / kg LPS delivery , 70 % ( N = 7 ) of the vehicle 
treated died . In marked contrast , only 40 % ( N = 4 ) of mice 
that received 25HC3S treatment had died . In summary , 
25HC3S improved survival in an animal model of sepsis by 
LPS - induced endotoxin exposure . 

Example 6 . Additional Exemplary Formulations 
and Descriptions of Representative Studies 

[ 0225 ] Table 9 summarizes Examples 6A - 6D , which are 
discussed in more detail below . 

TABLE 9 

was a solution of 4 % ( w / v ) hydroxypropyl betadex in 75 % 
( v / v ) of 0 . 9 % ( w / v ) sodium chloride and 25 % ( v / v ) sterile 
water . 25HC3S sodium salt was pre - dissolved into the 
Vehicle solution to result in a drug concentration of 5 
mg / mL . The 25HC3S solution was ready - to - use at the start 
of dosing . In Study 1 , the vehicle was stored at 2 - 8° C . 
whereas the 25HC3S solution was stored at room tempera 
ture prior and throughout the study duration ; in Study 2 , both 
vehicle and 25HC3S solutions were stored at 2 - 8° C . 
Whole - Body Irradiation with Partial Shielding and 25HC3S 
Administration 
[ 0228 ] Partial shielding irradiation ( PSI ) exposure at a 
high radiation dose ( > 10 Gy ) is an established approach to 
mimic GI - ARS in mice . Animals were exposed to whole 
body irradiation with partial shielding ( Day 0 ) in a custom 
designed restrainer where their left pelvic limb was extended 
and maintained in position with an elastic band . The left 
pelvic limb was shielded with a cerrobend structure . Ani 
mals received a whole body irradiation dose with partial 
shielding of 15 . 78 Gy ( LD50 / 22 ) for Study 1 whereas mice 
were exposed to 15 . 16 Gy ( LD2507 ) in Study 2 . The dose 
rate of the 6ºCo gamma source was fixed at approximately 
60 cGy per minute . The in - life portion of both the studies 
after PSI was 22 days . 
Study 1 : Mice ( N = 20 / group ) were administered once daily 
with 25HC3S ( or vehicle ) for 7 consecutive days starting on 
the day following irradiation ( Day 1 ) by subcutaneous 
injection between scapulas using a 27 G needle attached to 
a syringe . The dose volume was 10 mL / kg for all dose routes 
and the dose was adjusted based on the most recent body 
weight . 
Study 2 : Mice ( N = 16 / group ) were administered with 
25HC3S ( or vehicle ) for a total of 250 mg / kg doses . Animals 
were given drug ( or vehicle ) once on the day following 
irradiation ( Day 1 ) and once on Day 4 by subcutaneous 
injection between scapulas using a 27 G needle attached to 
a syringe . The dose volume was 10 mL / kg for all dose routes 
and the dose was adjusted based on the most recent body 
weight . 

Summary of Formulation Studies 
25HC3S Solution Formulations 

Exam 
ple 

( n = # 

25HC3S 
Concentra 

tion 
In Vivo Preclinical 
Studies Performed 

studies ) ( mg / mL ) Vehicle PK PD 

5 6A . 
( n = 1 ) 

3 , 6 6B . 
( n = 3 ) 

40 mg / mL HPLCD with 
10 mM sodium phosphate 
buffers , in 0 . 675 % of 
sodium chloride 
40 mg / mL HPbCD with 
10 mM sodium phosphate 
buffers , in 0 . 63 % of 
sodium chloride 
200 mg / mL HPLCD with 
10 mM sodium phosphate 
buffers , in water 
250 mg / mL HPCD with 
10 mM sodium phosphate 
buffers , in water 

2 . 5 , 20 6C . 
( n = 1 ) 

1 , 5 , 25 ? 6D . 
( n = 3 ) 

In - Life Monitoring and Measuring Parameters 
Example 6A . Evaluation of 25HC3S on Clinical 

Signs and Survival in a Rodent Model of 
Gastrointestinal Acute Radiation Syndrome 

( GI - ARS ) 

Material and Methods 

Animals 
[ 0226 ] The subjects for the two studies outlined here were 
( A ) Study 1 : 20 male C57BL / 6J mice ( 8 weeks of age ; 23 - 28 
g ) and ( B ) Study 2 : 16 male C57BL / 6J mice ( 8 weeks of age ; 
23 - 28 g ) . Following arrival , all animals were subjected to a 
health assessment and evaluation was performed in accor 
dance with the standard operating procedures and by tech 
nical staff working under the supervision of the clinical 
veterinarian . An acclimation period of at least 11 days was 
allowed between receipt of the animals and irradiation to 
accustom the animals to the laboratory environment . 

0229 ) Mortality checks were recorded concomitantly 
with the cage - side observations , during all phases of the 
study . Mortality checks for all animals were also recorded at 
least once during the night from Day 5 through Day 8 . 
Clinical signs ( ill health , behavioral changes , fur color / 
consistency changes etc . ) were also recorded on all surviv 
ing animals twice daily throughout observation period ( de 
scribed in Table 10 ) . Additional clinical observations were 
performed when deemed necessary . All observations were 
recorded as cage side clinical signs or detailed clinical 
examination when possible . A detailed clinical examination 
was performed on each animal at least as follows : prior to 
animal assignment , one day prior to irradiation ( Day - 1 ) 
then every 3 days throughout the observation period . 

Termination 

Formulation 
[ 0227 ] A solution formulation of 25HC3S sodium salt and 
its respective vehicle was used for the study . The Vehicle 

[ 0230 ] Animals in unrelievable pain or distress were 
euthanized at the discretion of the Study Director or based 
on the clinical judgment of the Clinical Veterinarian in 
consultation , when possible , with the Study Director and the 
Sponsor . Animals pre - terminally euthanized or found dead 
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were appropriately disposed of without further examination . 
Euthanasia endpoints are described below . 

TABLE 10 
Clinical signs used to assess animal health 

Euthanasia Criteria Clinical signs 

Decreased activity 
Weak / ataxia 
Cold to touch 
Respiration abnormal 
Hunched back 
Lying on cage floor 
Eyes partly closed 
Dehydration ( Skin Turgor slow ) 
Skin pallor 
Piloerection 
Walking on tiptoes 

Example 6B . Evaluation of 25HC3S on Survival in 
a Rodent Model of Surgically - Induced Sepsis ( One 

Representative PD Study ) 

Material and Methods 

[ 0231 ] An observation of any one of the following 
symptoms was justification for euthanasia : 
[ 0232 ] Inactivity : recumbent in the cage with 

decreased or absent responsiveness to touch 
[ 0233 ] Severe hemorrhage from the GI tract or any 

other orifice in any 24 hours period 

[ 0234 ] Progressive infection 
[ 0235 ] Observations of a combination of two of the 

following symptoms were justification for euthanasia : 
[ 0236 ] Respiratory distress : labored breathing 
[ 0237 ] Abnormal activity : difficulty with ambulation , 

decreased food and water intake , self - mutilation , 
reluctance to move for 24 hours 

[ 0238 ] Abnormal appearance : rough coat , head 
down , tucked abdomen , exudates around eyes and / or 
nose 

[ 0239 ] Evidence of neurological disorder ( for 
example : severe vestibular syndromes such as head 
tilt or circling ) 

[ 0240 ) Observations of a severe injury or condition , 
such as but not limited to , bone fracture , progressive 
tissue necrosis or severe internal bleeding , were also 
justification for euthanasia but was not observed in 
either of the two studies 

At the completion of the study / last observations ( Day 22 ) , 
all surviving animals were euthanized per the standard 
operating procedures and the carcasses were appropriately 
disposed . 

Animals 
[ 0244 ] The subjects for the study were 10 male CD rats 
( 12 - 13 weeks of age , 400 - 450 g ) . Animals exhibiting no 
signs of clinical distress , disease or injury after the accli 
matization period were accepted for the study and received 
routine animal care throughout . 

Formulation 
[ 0245 ] A solution formulation of 25HC3S sodium salt and 
its respective vehicle was used for the study . The Vehicle 
was a solution of 40 mg / mL hydroxypropyl betadex with 10 
mM sodium phosphate buffer in 70 % ( v / v ) of 0 . 9 % ( w / v ) 
sodium chloride and 30 % ( v / v ) of sterile water . 25HC3S 
sodium salt was pre - dissolved into the Vehicle solution to 
result in a drug concentration of 5 mg / mL . The 25HC3S 
solution was ready - to - use at the start of dosing . Both the 
vehicle and 25HC3S solution were stored at room tempera 
ture . Before dosing , the 25HC3S solution was confirmed to 
be clear and void of any precipitation . Otherwise , if pre 
cipitation was observed , the solution was to be sonicated at 
room temperature for 10 minutes to dissolve particulates . 

Results 

[ 0241 ] In Study 1 , mortality was not significant between 
the treatment and vehicle groups ( data not shown ) . Survival 
was 45 % ( N = 9 / 20 ) for both groups by Day 7 . However , the 
average number of clinical signs / mice observed throughout 
Days 5 - 22 of the in - life portion in 25HC3S - treated animals 
that survived the entire in - life portion of the study was 
statistically lower than in the vehicle - treated group . The 
results are shown in FIG . 10 . 
[ 0242 ] In the following study ( Study 2 ) , PSI dose was 
lowered to an LD25 / 22 as the previous dose in Study 1 was 
deemed too severe to assess the effect of 25HC3S on 
mortality . The dose regimen was also reduced to two doses , 
given on Day 1 and Day 4 of the in - life portion . Survival 
improved by 18 . 75 % in the 25HC3S - treated group ( 81 . 25 % ) 
as compared to the vehicle ( 68 . 75 % ) , as shown in FIG . 11 . 
[ 0243 ] In summary , subcutaneous administration of a 
solution formulation of 25HC3S at a dose level of 50 
mg / kg / dose in male C57BL / 6J mice exposed to PBI ( 15 . 16 
to 15 . 78 Gy ) was associated with reduced clinical signs or 
improved survival across two independent studies compared 
to their respective vehicle groups , supportive of efficacy in 
the treatment of GI - ARS . 

Cecum Ligation Puncture ( CLP ) Surgery and 25HC3S 
Administration 
[ 0246 ] The CLP procedure is an established and widely 
used approach to investigate the progression and character 
istics of clinical sepsis . On the day of surgery , animals were 
weighed and monitored for their baseline temperature . Ani 
mals were anesthetized with isoflurane and depth of anes 
thesia was checked by toe - pinching . Dipyrone ( an analgesic ) 
was given subcutaneously prior to surgery . A 2 cm midline 
incision was made and the cecum exteriorized . The cecum 
was loosely ligated at 10 % of its length , just distal to the 
ileocecal junction . A 14 G needle was then used to puncture 
the cecum and then subsequently cut with a 1 . 3 mm scalpel 
blade , along its anti - mesenteric side to get a hole of 3 mm 
in diameter . Technique was repeated about 2 - 3 cm away 
from first puncture site . Half the fecal material of cecum was 
gently squeezed out to ensure the patency of the perforation 
sites . The cecum was returned to the abdominal cavity , and 
abdominal incision was closed with Vicryl 4 - 0 for muscle 
layers ; the skin was closed with staples . Animals were put on 
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a heating pad for recovery . Within 30 minutes after surgery , 
animals ( N = 5 / group ) were given 30 mg / kg of 25HC3S ( or 
vehicle ) at an injection volume of 5 mL / kg by subcutaneous 
administration in the scapular region of the back . Animals 
were returned to their cages after gaining full consciousness . 
Treatment of 25HC3S ( or vehicle ) was done only on the day 
of surgery and was not repeated in the rest of study 

Monitoring and Measuring Parameters 
[ 0247 ] Rats were monitored for survival for 3 days after 
CLP surgery and 25HC3S treatment . Animal checks for 
mortality were performed twice daily during the observation 
period . Animals were examined for any altered clinical 
signs , including gross motor and behavioral activity and 
observable changes in appearance . Body weight , body tem 
perature and their general appearance were graded every 24 
hours to generate an accumulated disease score , consisting 
of the following : 

routes of administration used were intramuscular , intrave 
nous or subcutaneous . The following example is a repre 
sentative injection study . 
[ 0251 ] Beagle dogs ( n = 5 / dose group ) received a single 
intravenous bolus injection or a single subcutaneous injec 
tion . The parenteral solution that was tested included 25 
mg / mL of 25HC3S sodium salt in vehicle ( 200 mg / mL 
hydroxypropyl betadex with 10 mM sodium phosphate 
buffers , in water ) . The intravenous dose level of 2 . 5 mg / kg 
was administered in a dose volume of 0 . 1 mL / kg whereas 
the subcutaneous injection dose level of 20 mg / kg was 
administered in a dose volume of 0 . 8 mL / kg . Whole blood 
samples were collected at pre - dose , 0 . 5 , 1 , 2 , 4 , 8 , 12 , 24 , 32 
and 48 hours ( h ) post dose and the resulting plasma samples 
underwent analyses to quantify 25HC3S levels . During the 
in - life period , animals were observed daily for mortality and 
moribundity with clinical examinations conducted daily . 
There were no observable clinical signs in both groups . 
[ 0252 ] For intravenous administration , the maximal con 
centration was observed at the first time point , 0 . 5 h 
( Cmax = 439 ng / mL ) , and the mean AUCiast was 478 ng * hr / 
mL with no observable levels in most animals ( n = 4 ) at 8 h . 
Following subcutaneous administration , rapid absorption 
was observed at 0 . 5 h and with low but detectable levels of 
25HC3S observed in all animals at 12 h . The maximum 
observed concentration ( Cmax = 3936 ng / mL ) was observed at 
a mean time to maximum concentration of 1 . 8 h and the 
AUCtast was 19503 ng * hr / mL ( Table 12 ) . The observed 
bioavailability was calculated to be 0 . 7 by subcutaneous 
administration . 

TABLE 11 
“ Clinical Signs ” used to generate an accumulated disease score 

Score given ( 0 - 3 ) 

Clinical Signs 0 1 2 3 
Very 
dehydrated 

Body 
Condition 
( Dehydration ) 
Appearance 

Normal Under Emaciated ! 
conditioned / slight moderate 
dehydration dehydration 

Normal Ruffled Hunched Hunched 
with 
tremors 
Difficult 
labored 

Breathing Normal Fast rate Irregular TABLE 12 
Mean ( SD ) Pharmacokinetic parameters following 

a single dose with 25HC3S in beagles ( N = 5 ) 

Termination Route of Administration 

Parameter Intravenous Subcutaneous 

Cmax ( mg / mL ) 
Tmax ( hr ) 
AUCall ( ng * hr / mL ) 

439 ( 147 ) 
0 . 5 ( 0 ) 
489 ( 464 ) 

3936 ( 1428 ) 
1 . 8 ( 1 . 3 ) 

19676 ( 3716 ) 

[ 0248 ] Animals were monitored for mortality , " clinical 
signs ” and pain level . If they seemed reached a score of “ 3 ” 
in any one of the categories or a combination of " 4 " of the 
signs from any two categories of the “ Clinical Signs ” from 
Table 11 , they were considered to have reached the clinical 
endpoint and were considered " dead " for survival curve 
analyses and humanely euthanized . In addition , 3 days after 
CLP surgery , all remaining rats were weighed and humanely 
euthanized via CO2 inhalation . A general necropsy was 
performed to check the ligation site . 

Results 
[ 0249 ] The mortality results are shown in FIG . 12 . Two 
days ( 48 hours ) after CLP surgery and dosing , 100 % ( N = 5 / 
5 ) of the vehicle - treated rats died . In marked contrast , only 
60 % ( N = 3 / 5 ) of rats that received 25HC3S treatment had 
died ( p - value = 0 . 0975 ; Log - rank / Mantel - Cox test ) at the end 
of the study duration ( 3 days or 72 hours ) . In summary , a 
single dose of 25HC3S improved survival in a rat model of 
sepsis by surgically - induced endotoxin exposure . 

Example 7 . A 14 - Day Subcutaneous Injection 
Study of 25HC3S in Beagle Dogs 

[ 0253 ] The objectives of this study were to evaluate the 
potential toxicity of 25HC3S when administered once daily 
by subcutaneous injection to Beagle dogs for 14 consecutive 
days . 25HC3S sodium salt in the vehicle ( 250 mg / mL 
hydroxypropyl - beta - cyclodextrin with 10 mM sodium phos 
phate buffer [ approximate pH 7 . 6 ] in sterile water for 
irrigation ) was administered via subcutaneous injection in 
the dorsoscapular area once daily for 14 consecutive days to 
3 groups ( Groups 2 - 4 ) of Beagle dogs . Dosage levels were 
3 , 10 , and 30 mg / kg / day for Groups 2 , 3 , and 4 , respectively . 
A concurrent control group ( Group 1 ) received the vehicle 
on a comparable regimen . The dose volume was 1 , 0 . 1 , 0 . 33 , 
and 1 mL / kg for Groups 1 , 2 , 3 , and 4 , respectively . Each 
group consisted of 4 males and 4 females . The animals were 
observed twice daily for mortality and moribundity . Clinical 
examinations including injection site observations ) were 
performed once daily for at least 6 days , including the day 
of randomization , prior to randomization , prior to dose 
administration , immediately following dose administration , 

Example 6C - D . Preclinical Pharmacokinetic 
Injection Studies 

[ 0250 ] Several PK injection studies have been performed 
in Hannover Wistar rats and Beagle dogs , using the 25HC3S 
formulations , as summarized in Table 9 above . Injection 
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and at approximately 2 hours following dose administration . 
Blood samples for toxicokinetic evaluation were collected 
from all animals prior to dosing ( study day 0 only ) and at 
0 . 5 , 1 , 2 , 4 , 8 , and 24 hours after dosing on study days 0 and 
13 . 
[ 0254 ] All animals survived to the scheduled necropsy . 
There were no drug - related clinical observations or effects 
on body weights , food consumption , hematology , coagula 
tion , serum chemistry , urinalysis , ophthalmology , or elec 
trocardiography . There were no drug - related macroscopic or 
microscopic findings or alterations in organ weights at the 
scheduled necropsy . 
[ 0255 ) Based on the results of this study , once daily 
administration of 25HC3S via subcutaneous injection in the 
dorsoscapular region to Beagle dogs for 14 consecutive days 
was well tolerated at dosage levels of 3 , 10 , and 30 mg / kg 
day . Macroscopic and microscopic findings noted at the 
injection sites ( fibroplasia , hemorrhage , inflammation , and 
necrosis ) were unique to or were more frequent and / or 
severe in the control animals administered the cyclodextrin 
vehicle , while no injection site changes appeared directly 
attributable to administration of 25HC3S . Therefore , the 
no - observed - adverse - effect level ( NOAEL ) was considered 
to be 30 mg / kg / day . This dosage level corresponded to a 
mean AUCiast of 19 , 877 ng * hr / mL and mean C . of 7 , 753 
ng / mL . 

quent cohorts of 6 different subjects received doses of 90 , 
150 , and 300 mg of 25HC3S . A total of 16 subjects received 
25HC3S and 8 received placebo in Part A . In Part B ( MAD ) , 
a parenteral dose of 150 mg 25HC3S or matching placebo 
was administered IM once daily for 5 days , altering injection 
sites , to a single cohort of 10 healthy subjects ( 8 randomized 
to 25HC3S and two randomized to matching placebo on a 
double - blind basis ; see Table 14 ) . 
[ 0259 ) Safety assessments included periodic monitoring 
of routine vital signs , safety laboratory tests and 12 lead 
ECG collection . Subjects completed a screening phase , 
treatment and an end - of - study visit . Dose escalation to the 
next dose level in Part I and Part II of the study was 
undertaken following review of the preceding dose results . 

Results 

ne 
[ 0260 ] Following IM administration , rapid absorption of 
25HC3S was observed with detectable drug levels at the first 
time point of 0 . 5 hour for all cohorts . C . ( maximum ( or peak ) 
serum concentration ) and AUC ( area under the curve ) were 
observed to increase in a linear fashion with increasing 
25HC3S dose ( FIG . 13 ) . No accumulation of 25HC3S was 
observed following administration of five daily doses ( FIG . 
14 ) . 

Example 8 . Intramuscular Clinical Trial 
[ 0256 ] This example describes a randomized , double 
blind , placebo - controlled , safety and pharmacokinetic study 
of a parenteral formulation of 25HC3S . The study involved 
the administration of 25HC3S sodium salt to healthy sub 
jects via intramuscular injections ( IM ) as i ) single ascending 
doses ( SAD ) in the range of 30 - 300 mg and as ii ) a multiple 
ascending dose ( MAD ) study using multiple IM doses of 
150 mg administered daily for 5 days ( see Table 13 ) . All 
subjects were male , with an age range of 19 - 36 years . 

[ 0261 ] Pain intensity ( measured on a 0 - 10 numeric rating 
scale ) was assessed after each injection , and the injection 
sites were examined for tenderness , redness , bruising , swell 
ing and induration at specified time points after injection . In 
general , pain intensity was maximal at 5 - 10 min after 
injection and had resolved by 1 hour after injection . The 
mean pain intensity ranged from 0 . 8 to 3 . 5 and had little 
relationship to dose . Mild tenderness at the injection site was 
observed in 7 of the 24 subjects in Part A and in 9 of the 10 
subjects in Part B . Other physical findings at the injection 
sites were infrequent ( one injection site with bruising and 
one site with redness ) . 

TABLE 13 
Study protocol 

Type of 
Study Objective ( s ) Trial Design 

Study 
Population Dose / Regimen 

# of 
Route Subjects 

Safety & IM 
PK 

Single and 
Multiple 
Ascending 
Dose Safety 
& PK 

Randomized , Healthy 
Double Subjects 
Blind , 
Placebo 
Controlled 

Parenteral 
( 30 mg / mL ) 

SAD 
30 mg 
90 mg 
150 mg 
300 mg 
MAD : 

150 mg x 5 days 10 

Summary [ 0257 ] The parenteral solution was 30 mg / mL 25HC3S 
sodium salt reconstituted with a vehicle solution of 250 
mg / mL hydroxypropyl betadex , NF ; 0 . 276 mg / mL of 
sodium phosphate monobasic monohydrate , USP and 1 . 136 
mg / mL sodium phosphate dibasic anhydrous , USP , in sterile 
water for injection , USP . 
[ 0258 ] In Part A of the study ( SAD ) , a parenteral dose of 
25HC3S or matching placebo was administered intramus 
cularly ( IM ) to cohorts of 6 healthy subjects ( 4 randomized 
to 25HC3S and two randomized to matching placebo on a 
double - blind basis ) . The initial dose was 30 mg and subse 

[ 0262 ] The safety of 25HC3S given by intramuscular 
injection as a single dose and as a multiple dose was studied . 
Other than mild injection site tenderness , there were no 
drug - related adverse events in either the single dose group or 
in the multiple dose group , other than injection site tender 
ness , and all 34 subjects completed the trial as planned 
without any untoward events . 
[ 0263 ] Single IM injections into the buttock were well 
tolerated at doses of 30 , 90 , 150 , and 300 mg , and systemic 
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TABLE 14 exposure increased linearly with the dose of 25HC3S admin 
istered . However , no accumulation of 25HC3S was 
observed upon repeat dosing in the multiple dose cohort . Description of Infusion Solutions 

Example 9 . Infusion Compatibility Manufacturer 
Catalog Number Description Size of Bag 

5 % Dextrose Injection , USP 100 mL Hospira 
NDC 0409 - 7923 - 23 
Hospira 0 . 9 % Sodium Chloride Injection , 100 mL 
NDC 0409 - 7984 - 23 USP 

TABLE 15 

[ 0264 ] 25HC3S for Injection is a sterile powder , for injec 
tion solution . The 25HC3S stability with the 10 mL glass 
vial and Fluro Tec® coated stopper was studied up to 12 
months at 2 - 8° C . , 6 months at 25° C . / 60 % RH , and 6 
months at 40° C . / 75 % RH with vials stored in the inverted 
orientation . Based on these stability data , it was concluded 
that there is good compatibility between 25HC3S and the 
container closure system , as shown below . 
[ 0265 ] In a similar manner , the Vehicle for 25HC3S for 
Injection ( Vehicle ) stability with the 10 mL glass vial and 
Fluro Tec® coated stopper was studied up to 12 months at 
2 - 8° C . , 6 months at 25° C . / 60 % RH , and 6 months at 40° 
C . / 75 % RH with vials stored in the inverted orientation . The 
Vehicle was 250 mg / mL HPLCD with 10 mM phosphate 
buffers . Based on these stability data , it was concluded that 
there is good compatibility between the Vehicle and the 
container closure system , as shown below . 

Description of Infusion Sets 

Manufacturer / 
Catalog 
Number Description Flow Rate Length 

103 Baxter 
2H8480 inches 

Non - DEHP Polyvinylchloride Approx 
Solution Set with DUO - VENT imately 
spike , with Clearlink luer 10 drops 
activated valve , with 0 . 22 per mL 
micron filter 
Paclitaxel set with polyethylene Approx 
lined tubing , non - DEHP pump imately 
segment ( polyvinylchloride ) , 10 drops 
with Clearlink luer activated per mL 
valve , with 0 . 22 micron filter 

Baxter 

208858 
107 

inches 

Compatibility of Constituted 25HC3S Solution with 5 % 
Dextrose and 0 . 9 % Sodium Chloride for Infusion and Two 
Kinds of Infusion Sets 
[ 0266 ] After constitution with Vehicle , the 30 mg / mL 
25HC3S product was diluted into 100 mL of 5 % dextrose 
injection , USP or 0 . 9 % sodium chloride injection , USP , and 
was administered to subjects as an IV infusion ranging from 
a 30 mg to 150 mg 25HC3S dose . This was accomplished by 
adding 1 . 0 mL ( for the 30 mg dose ) or 5 . 0 mL ( for the 150 
mg dose ) , or any volume in between , of the 30 mg / mL 
25HC3S product into a 100 mL dextrose or sodium chloride 
infusion bag . The entire admixture content in the infusion 
bag was infused into the subject over approximately 2 hours 
at a rate of 50 mL / hour . 

[ 0267 ] A physical and chemical compatibility study was 
conducted at a 30 mg , 48 mg and 300 mg 25HC3S dose in 
5 % dextrose and 0 . 9 % sodium chloride infusion bags . 
Descriptions of the two infusion solutions used to dilute the 
constituted 25HC3S for Injection are listed in Table 14 . 
Descriptions of the two kinds of infusion sets tested with 
25HC3S product diluted in 5 % dextrose and 0 . 9 % sodium 
chloride are listed in Table 15 . The tubing in catalog number 
2H8480 infusion set was composed of polyvinylchloride 
( PVC ) , while the tubing in catalog number 2C8858 was 
polyethylene lined except for a short pump segment ( ap 
proximately 12 inches ) which was composed of PVC . 

[ 0268 ] 25HC3S for Injection and Vehicle for 25HC3S for 
Injection , that had been stored at 2 - 8° C . for approximately 
16 months , were used for the compatibility study . After 
constitution , 30 mg ( 1 . 0 mL of constituted product ) , 48 mg 
( 1 . 6 mL of constituted product ) or 300 mg ( 10 mL of 
constituted product ) were added to 100 mL infusion bags of 
5 % dextrose and 0 . 9 % sodium chloride , mixed thoroughly , 
and stored for 24 hours at room temperature and at 2 - 8° C . 
The Hospira labeled 100 mL dextrose and sodium chloride 
infusion bags had an overfill , so the average fill was actually 
107 mL . Taking into consideration the overfill per infusion 
bag and the additional volume introduced by adding the 
constituted 25HC3S product to each bag , the expected 
concentrations of 25HC3S were 0 . 28 mg / mL , 0 . 44 mg / mL , 
and 2 . 56 mg / mL in the infusion bags . Two kinds of infusion 
sets were then attached to the drug containing infusion bags , 
and the entire contents were eluted through the infusion sets 
at approximately 50 mL / hour at room temperature . Samples 
were collected from the 25HC3S prepared infusion bags at 
T = 0 and at 24 hours , and from the total eluent passed 
through the infusion sets , and tested for 25HC3S concen 
tration using HPLC . Solution visual appearance , osmolality 
( using method USP < 785 > ) , and pH ( using method 
USP < 791 > ) were also measured on the collected samples . 
[ 0269 ] The compatibility results for 25HC3S with 5 % 
dextrose and 0 . 9 % sodium chloride , and with the two kinds 
of infusion sets , are shown in Table 16 and Table 17 , 
respectively . 



US 2019 / 0269695 A1 Sep . 5 , 2019 
34 

TABLE 16 

Stability of 25HC3S Diluted and Stored in 5 % Dextrose Infusion Bag 
for24 Hours and Eluted Through Two kinds of Infusion Sets ( Potency ) 

Approximate 
25HC3S 

Concentration 
in Infusion Bag 

( mg / mL ) 

After Storage in Infusion 
24 Hours at RT 24 Hours at 2 - 8° C . Bag and Collection from 
Concentration in Concentration in Infusion Set 

T = 0 mg / mL and mg / mL and Concentration in mg / mL 
Conc . ( % Remaining ( % Remaining and ( % Remaining 

( mg / mL ) Compared to T = 0 ) Compared to T = 0 ) Compared to T = 0 ) 
Dextrose 
Infusion 
Bag ID 

0 . 28 0 . 276 0 . 276 
( 100 . 0 % ) 

0 . 277 0 . 277 
( 100 . 0 % ) 

0 . 280 0 . 280 
( 100 . 0 % ) 

0 . 279 0 . 280 
( 100 . 4 % ) 

0 . 44 0 . 447 0 . 447 
( 100 . 0 % ) 

0 . 442 0 . 442 
( 100 . 0 % ) 

0 . 439 0 . 438 
( 99 . 8 % ) 

Baxter 2H8480 
0 . 276 

( 100 . 0 % ) 
Baxter 2C8858 

0 . 277 
( 100 . 0 % ) 

Baxter 2H8480 
0 . 280 

( 100 . 0 % ) 
Baxter 208858 

0 . 280 
( 100 . 4 % ) 

Baxter 218480 
0 . 448 

( 100 . 2 % ) 
Baxter 208858 

0 . 442 
( 100 . 0 % ) 

Baxter 2H8480 
0 . 440 

( 100 . 2 % ) 
Baxter 208858 

0 . 440 
( 100 . 2 % ) 

Baxter 2H8480 
2 . 480 

( 99 . 2 % ) 
Baxter 208858 

2 . 545 
( 101 . 4 % ) 

Baxter 2H8480 
2 . 540 

( 100 . 4 % ) 
Baxter 208858 

2 . 535 
( 100 . 4 % ) 

0 . 439 0 . 440 

( 100 . 2 % ) 

2 . 56 2 . 56 2 . 500 2 . 470 

( 98 . 8 % ) 

2 . 510 2 . 520 
( 100 . 4 % ) 

2 . 530 2 . 550 

( 100 . 8 % ) 

2 . 525 2 . 525 2 . 530 

( 100 . 2 % ) 

TABLE 17 

Stability of 25HC3S Diluted and Stored in 0 . 9 % Sodium Chloride Infusion 
Bag for 24 Hours and Eluted Through Two Kinds of Infusion Sets ( Potency ) 

Approximate 
25HC3S 

Concentration 
in Infusion Bag 

( mg / mL ) 

Sodium 
Chloride 
Infusion 
Bag ID 

After Storage in Infusion 
24 Hours at RT 24 Hours at 2 - 8° C . Bag and Collection from 
Concentration in Concentration in Infusion Set 

T = 0 mg / mL and mg / mL and Concentration in mg / mL 
Conc . ( % Remaining ( % Remaining and % Remaining 

( mg / mL ) Compared to T = 0 ) Compared to T = 0 ) Compared to T = 0 ) 
0 . 28 0 . 273 0 . 272 

( 99 . 6 % ) 
0 . 274 0 . 274 

( 100 . 0 % ) 

Baxter 2H8480 
0 . 272 

( 99 . 6 % ) 
Baxter 208858 

0 . 274 
( 100 . 0 % ) 

Baxter 2H8480 
0 . 275 

( 100 . 4 % ) 
Baxter 2C8858 

0 . 275 
( 100 . 0 % ) 

0 . 274 0 . 275 
( 100 . 4 % ) 

0 . 275 0 . 275 
( 100 . 0 % ) 
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TABLE 17 - continued 

Stability of 25HC3S Diluted and Stored in 0 . 9 % Sodium Chloride Infusion 
Bag for 24 Hours and Eluted Through Two kinds of Infusion Sets ( Potency ) 

Approximate 
25HC3S 

Concentration 
in Infusion Bag 

( mg / mL ) 

Sodium 
Chloride 
Infusion 
Bag ID 

After Storage in Infusion 
24 Hours at RT 24 Hours at 2 - 8° C . Bag and Collection from 
Concentration in Concentration in Infusion Set 

T = 0 mg / mL and mg / mL and Concentration in mg / mL 
Conc . ( % Remaining ( % Remaining and ( % Remaining 

( mg / mL ) Compared to T = 0 ) Compared to T = 0 ) Compared to T = 0 ) 

0 . 44 1 0 . 434 0 . 434 
( 100 . 0 % ) 

Baxter 2H8480 
0 . 433 

( 99 . 8 % ) 
Baxter 208858 

0 . 424 
2 0 . 424 0 . 424 

( 100 . 0 % ) 
( 100 . 0 % ) 

Baxter 2H8480 0 . 434 0 . 434 

( 100 . 0 % ) 0 . 434 

4 0 . 425 0 . 425 
( 100 . 0 % ) 

2 . 56 2 . 450 2 . 500 
( 102 . 0 % ) 

( 100 . 0 % ) 
Baxter 208858 

0 . 426 
( 100 . 2 % ) 

Baxter 2H8480 
2 . 460 

( 100 . 4 % ) 
Baxter 208858 

2 . 520 
( 99 . 6 % ) 

2 2 . 530 2 . 525 
( 99 . 8 % ) 

2 . 530 2 . 510 Baxter 2H8480 

( 99 . 2 % ) 

2 . 525 2 . 520 

2 . 530 
( 100 . 0 % ) 

Baxter 208858 
2 . 520 

( 99 . 8 % ) 
( 99 . 8 % ) 

[ 0270 ] The 25HC3S concentrations in 5 % dextrose after 
24 hours at room temperature and at 2 - 8° C . , and after 
elution through the infusion sets were all within 1 . 4 % of the 
target concentrations of the initial T = 0 time point . Similar 
25HC3S stability in 0 . 9 % sodium chloride was observed 
where after 24 hours at room temperature and at 2 - 8° C . , and 
after elution through the infusion sets all the concentrations 
were within 2 . 0 % of the target concentrations of the initial 
T = 0 time point . 
[ 0271 ] Osmolality and pH data for 25HC3S in 5 % dex 
trose at T = 0 and 24 hours , and after elution through the two 
kinds of infusion sets are shown in Table 18 . Osmolality and 
pH data for 25HC3S in 0 . 9 % sodium chloride at T = 0 and 24 
hours , and after elution through two kinds of infusion sets 
are shown in Table 19 . The osmolality data , for both the 
dextrose and sodium chloride drug containing solutions , 
showed no consistent trends over time in the infusion bag or 
after elution through the infusion sets . The pH of the 
dextrose drug containing solutions also showed no trends 
over time or after elution through the infusion sets . The pH 
of the sodium chloride drug containing solution at approxi 
mately 0 . 28 mg / mL 25HC3S showed an approximate 
decrease of 0 . 5 of a pH unit over 24 hours in the infusion 

bags , and appeared to decrease by approximately a tenth of 
a pH after elution through the infusion sets . The pH of the 
sodium chloride drug containing solution at approximately 
0 . 44 mg / mL 25HC3S showed no consistent trends over time 
in the infusion bags , but appeared to decrease by a few tenths 
of a pH after elution through the infusion sets . The pH of the 
sodium chloride drug containing solution at approximately 
2 . 56 mg / mL 25HC3S showed a slight decrease by a tenth of 
a pH over time in the infusion bags , and appeared to drop by 
a few tenths of a pH after elution through the infusion sets . 

[ 0272 ] The 25HC3S solutions in dextrose and sodium 
chloride , at all three concentrations , remained as clear and 
colorless solutions , after 24 hours in the infusion bags , and 
after elution through the infusion sets . 
[ 0273 ] The appearance of the infusion bags and infusions 
sets also remained the same before and after use with the 
25HC3S solutions . 
[ 0274 ] The compatibility of 25HC3S , at 30 mg , 48 mg , 
and 300 mg , as admixtures with 100 mL of dextrose and 
sodium chloride , and with two kinds of infusion sets , has 
been demonstrated by the acceptable 25HC3S concentra 
tion , pH , osmolality , and physical appearance stability data . 
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TABLE 18 

Stability of 25HC3S Diluted and Stored in 5 % Dextrose Infusion Bag for 24 
Hours and Eluted Through Two kinds of Infusion Sets ( Osmolality and pH ) 

Approximate 
25HC3S 

Concentration 
in Infusion Bag 

( mg / mL ) 

Dextrose 
Infusion 
Bag ID 

T = 0 
Osmolality 
( mmol / kg ) 
and pH 

24 Hours at RT 
Osmolality 

( mmol / kg ) and pH 

24 Hours at 2 - 8° C . 
Osmolality 

( mmol / kg ) and pH 

After Storage in Infusion 
Bag and Collection from 

Infusion Set 
Osmolality ( mmol / kg ) 

and pH 

0 . 28 1 247 
7 . 09 

252 
7 . 12 

2 249 250 
7 . 03 7 . 05 

w 251 
7 . 10 

250 
7 . 09 

Baxter 2H8480 
252 

6 . 99 
Baxter 208858 

252 
7 . 04 

Baxter 2H8480 
251 

6 . 95 
Baxter 208858 

252 
6 . 99 

Baxter 218480 
253 

250 
7 . 04 

253 
7 . 04 A 

0 . 44 1 255 

6 . 83 
256 

6 . 91 
6 . 91 

254 253 
6 . 81 6 . 90 

256 
6 . 82 

254 
6 . 96 

255 
6 . 88 

257 
6 . 93 

2 . 56 

A w Nr Aw n 
258 

6 . 04 
257 

6 . 12 

Baxter 208858 
253 

6 . 90 
Baxter 218480 

257 
6 . 91 

Baxter 208858 
255 

6 . 93 
Baxter 2H8480 

261 
6 . 01 

Baxter 208858 
251 

6 . 00 
Baxter 2H8480 

247 
5 . 99 

Baxter 2C8858 
248 

6 . 10 

247 
6 . 12 

250 
6 . 06 

247 
6 . 29 

246 
6 . 11 

251 247 
6 . 26 6 . 14 

TABLE 19 
Stability of 25HC3S Diluted and Stored in 0 . 9 % Sodium Chloride Infusion Bag for 

24 Hours and Eluted Through Two Kinds of Infusion Sets ( Osmolality and pH ) 

Approximate 
25HC3S 

Concentration 
in Infusion Bag 

( mg / mL ) 

Sodium 
Chloride 
Infusion 
Bag ID 

T = 0 
Osmolality 
( mmol / kg ) 
and pH 

24 Hours at RT 
Osmolality 

( mmol / kg ) and pH 

24 Hours at 2 - 8° C . 
Osmolality 

( mmol / kg ) and pH 

After Storage in Infusion 
Bag and Collection from 

Infusion Set 
Osmolality ( mmol / kg ) 

and pH 
0 . 28 278 

6 . 39 
275 

5 . 93 

277 
6 . 43 

277 
5 . 92 

277 
6 . 45 

Baxter 2H8480 
276 

5 . 78 
Baxter 208858 

276 
5 . 83 

Baxter 2H8480 
277 

5 . 81 
Baxter 2C8858 

276 
5 . 78 

276 
5 . 87 

276 278 
6 . 40 5 . 99 
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TABLE 19 - continued 
Stability of 25HC3S Diluted and Stored in 0 . 9 % Sodium Chloride Infusion Bag for 

24 Hours and Eluted Through Two Kinds of Infusion Sets ( Osmolality and pH ) 

Approximate 
25HC3S 

Concentration 
in Infusion Bag 

( mg / mL ) 

Sodium 
Chloride 
Infusion 
Bag ID 

T = 0 
Osmolality 
( mmol / kg ) 
and pH 

24 Hours at RT Osmolality 
( mmol / kg ) and pH 

24 Hours at 2 - 8° C . Osmolality 
( mmol / kg ) and pH 

After Storage in Infusion 
Bag and Collection from 

Infusion Set 
Osmolality ( mmol / kg ) 

and pH 

0 . 44 277 
7 . 30 

Baxter 2H8480 280 
7 . 33 286 

7 . 09 
279 

7 . 43 
280 

7 . 41 
Baxter 208858 

288 
7 . 20 

Baxter 2H8480 284 
7 . 21 

281 
7 . 43 282 

280 
7 . 44 

281 
7 . 19 

2 . 56 282 282 
6 . 01 6 . 20 

7 . 13 
Baxter 2C8858 

281 
7 . 16 

Baxter 218480 
283 

5 . 81 
Baxter 208858 

279 
5 . 83 

Baxter 2H8480 
283 

5 . 72 
Baxter 2C8858 

282 282 
5 . 86 6 . 10 

282 
6 . 07 

283 
5 . 93 

281 
6 . 11 

283 
5 . 96 283 

5 . 70 

TABLE 20 Example 10 . Topical Formulations 
[ 0275 ] Topical formulations of 25HC3S were prepared 
using custom - made compositions . Formulation ID 

Components , % w / w 007 Evaluation of Formulations 
[ 0276 ] Compositions listed were evaluated for texture , 
homogeneity and physical stability at room temperature by 
monitoring any sign of phase separation . 

25HC3S 
Carbopol ® 971P 
Carbopol ® 974P 
Trolamine 

Custom - Made Compositions 

HPLCD 
PG 

Materials : 
[ 0277 ] Carbopol® 971P NF and Carbopol® 974P NF 
were received from Lubrizol . Tween® 80 was received from 
CRODA . All other additives were purchased from Spec 
trum . 

Tween ® 80 
Oleic acid 
Methyl paraben 
Water 

TABLE 21 
Appearance and Physical Stability 
of Compositions listed in Table 19 

Preparation of Formulations : 
[ 0278 ] All formulations were water based gels . Car 
bopol® was used as a thickening agent . Oleic acid , HPLCD , 
and propylene glycol ( PG ) were used as the skin penetration 
enhancers . Tween® was used as a surfactant . Trolamine was 
used to adjust pH of the formulation . 
10279 ) . The 25HC3S was dissolved in 25 % solution of 
Hydroxypropyl beta cyclodextrin ( HPLCD ) , and then mixed 
with the rest of the additives . The drug mixtures were added 
to the thickening agent ( Carbopol® ) prior to its complete 
gelling . 
[ 0280 ] Formulations are listed in Table 20 . Table 21 shows 
the appearance and physical stability of the formulations . 
Physical stability of each formulation is shown since prepa 
ration date . 

Formulation Physical Physical stability 

ID Appearance RT 1 day , 32° C . 
006 Gel Stable , 3 months 

007 

Vehicle : phase 
separated 
Phase separated , 
flows after 1 hour 

Gel Stable , 3 months 
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Example 11 . Effect of Various Concentrations of 
Phosphate and Borate Buffers on the Chemical and 
Physical Stability of 25HC3S at 30 mg / mL in 250 

mg / mL HPBCD Formulations 
Background 
[ 0281 ] A total of six 25HC3S formulations at 30 mg / mL in 
250 mg / mL of 2 - hydroxypropyl beta cyclodextrin ( HPBCD ) 
containing 10 , 20 , 50 and 100 mM phosphate buffers at pH 
7 . 5 to 8 . 1 and 10 and 50 mM borate buffers at pH 9 . 4 were 
prepared for the stability study . The chemical stability 
( measured as % remaining of 25HC3S ) and physical stabil 
ity ( osmolality , pH and appearance of the formulations were 
monitored under accelerated conditions for up to 7 days at 
80° C . and up to 29 days at 60° C . 

buffer at 100 mM at pH 9 . 3 were prepared ( Tables 22A and 
22B ) and used for 250 mg / mL HPBCD vehicles preparation 
( Table 23 ) . 
( 0284 ] Approximately 1200 mg each of 25HC3S was 
weighed into 40 mL volumetric flasks and diluted to volume 
with the six HPBCD vehicles containing 10 - 100 mM phos 
phate buffers or 10 and 50 mM borate buffers , respectively 
( Table 24 ) . The final concentration of 25HC3S was 30 
mg / mL ( wt / volume , without adjusting for API purity ) . Ali 
quots of 2 mL of each formulation were filled into 2 mL 
glass vials , stoppered and sealed for stability sample set - up 
at 60° C . and 80° C . to study the effect of phosphate buffer 
( pH 7 . 5 - 8 . 1 ) and borate buffer ( pH 9 . 4 ) at various buffer 
concentrations on the stability of the HPBCD formulations 

TABLE 22A 
Preparation of Phosphate Buffer 

Stock Solutions at 100 and 200 mm 

QS to Final 
Volume Buffer 

( mL ) with Concen 
Sterile Water tration Measured 
for Injection ( mm ) pH 

Na2HPO4 , 
Anhydrous 

( mg ) 
NaH2PO4•H20 

( mg ) 

Materials 
[ 0282 ] 25HC3S was sieved through a 40 mesh screen and 
used for formulation preparation and for calibration stan 
dards preparation for HPLC analysis . Kleptose® HPB 
( HPBCD , hydroxypropyl betadex , parenteral grade , EP 
USP / NF grade was obtained from Roquette America , Inc . 
Sodium phosphate , monobasic , monohydrate 
( NaH PO _ H2O ) USP , BP grade was obtained from Spectrum 
Chemicals . Sodium phosphate dibasic , anhydrous 
( Na , HPO ) USP , FCC grade and sodium tetraborate deca 
hydrate ( Na2B407 . 10H2O ) , ACS reagent grade were 
obtained from J . T Baker . Sterile Water for Injection , USP 
was obtained from APP Pharmaceuticals . The container 
closure system consisted of 2 mL glass vials ( Afton Scien 
tific ) , Flurotec coated stoppers ( West Pharmaceuticals ) and 
aluminum seals . 

2272 . 2 
?? 

100 
100 

200 
100 

7 . 28 
7 . 36 

552 . 4 
50 mL of 200 mm 

stock solution 
above 

TABLE 22B 

Preparation of Borate Buffer Stock Solution at 100 mm 

Experimental Na2B407 . 10H20 
( mg ) 

3813 . 8 

QS to Volume ( mL ) with 
Sterile Water 
for Injection 

100 100 

Final Buffer 
Concentration Measured 

( MM ) pH 
100 100 9 . 31 9 . 31 

( 1 ) Formulation Preparation and Stability Sample Set - Up 
[ 0283 ] Two stock solutions of phosphate buffer at 100 and 
200 mM at pH 7 . 4 and 7 . 3 , respectively and one borate 

TABLE 23 

Preparation of Six Vehicles with 250 mg / mL HPBCD Containing 10 , 20 , 50 
and 100 mM Phosphate Buffers or 10 and 50 mM Borate Buffers 

QS with Vehicle 
Sterile Composition 

Water Final Final 

Stock Buffer For Buffer HPBCD 

HPBCD Buffer 
( mg ) Type 

Conc . 
( mm ) 

Volume Injection 
( mL ) ( mL ) 

Conc . 
( MM ) 

Conc . 
( mg / mL ) Vehicle # 

Nm in 

2502 . 9 Phosphate 
12500 . 3 Phosphate 
12502 . 5 Phosphate 
12503 . 5 Phosphate 
12501 . 8 Borate 
12500 . 4 Borate 

1005 
100 10 
100 25 
200 25 
100 5 
100 25 

50 
5 0 
50 
50 
50 
50 

10 
20 
50 

100 
10 
50 

2 50 
2 50 
250 250 
250 

2 50 
250 6 
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TABLE 24 

Preparation of Six 25HC3S Formulations at 30 mg / mL in 250 mg / mL of HPBCD 
Containing 10 , 20 , 50 and 100 mM Phosphate Buffers at Approximate pH 

of 7 . 4 or 10 and 50 mM Borate Buffer at Approximate pH of 9 . 3 

QS with 
Vehicle to Vehicle Composition Final 25HC3S 

Formulation 25HC3S 
( mg ) 

HPBCD Buffer / 
( mg / mL ) Concentration 

Volume 
( mL ) 

Concentration 
( mg / mL ) 

40 30 
40 30 

30 

1201 . 0 
1201 . 4 
1201 . 2 
1200 . 9 
1200 . 8 
1201 . 3 

250 
250 
250 
250 
250 
250 

Phosphate / 10 mm 
Phosphate / 20 mM 
Phosphate / 50 MM 
Phosphate / 100 mm 
Borate / 10 mm 
Borate / 50 MM 

40 
40 30 

30 40 
40 30 

TABLE 25 
Stability Sample Set Up for the Six Formulations 

Temperature 
Days ( 2 Vials per Time 
Point per Formulation ) 

80° C . 
60° C . 

0 1 2 3 7 
29 

( 2 ) Analytical Test Methods 

Results and Discussion 
( 1 ) Effect of Buffer Concentrations on the Stability of 
Formulations , Stressed at 80° C . for up to 7 Days or 60° C . 
for 29 Days 
[ 0286 ] There was no significant buffer concentration effect 
on the chemical stability for 25HC3S at 30 mg / mL in 250 
mg / mL HPBCD containing phosphate buffers at 10 , 20 , 50 
and 100 mM or borate buffers at 10 or 50 mM . 
[ 0287 ] When stressed at 80° C . for 7 days , the % remain 
ing of 25HC3S was 72 . 3 , 73 . 3 , 72 . 8 and 73 . 7 % for the 
formulations containing 10 , 20 , 50 and 100 mM phosphate 
buffers , respectively ( Table 26 ) . The % remaining of 
25HC3S after 7 days at 80° C . was 71 . 9 and 70 . 9 % for the 
formulations containing 10 and 50 mM borate buffers , 
respectively ( Table 26 ) . FIG . 15 shows the % remaining of 
25HC3S for each formulation , fitted to a first order curve for 
drug degradation . Table 27 shows the calculated time for 
which 90 % of 25HC3S remains in the formulation ( t90 ) at 
80° C . The t90 values show that the phosphate buffer 
concentrations from 10 to 100 mM have no major effect on 
25HC3S stability . In addition , the borate buffers at 10 and 50 
mM have no major effect on 25HC3S stability . 

[ 0285 ] 0 . 5 mL of sample solution was transferred to a 25 
mL volumetric flask and QS ’ ed with methanol / water = 95 / 5 
for 25HC3S concentration determination by HPLC . The % 
remaining of 25HC3S was calculated as follows : 

[ 25HC3S concentration ) at specified time point x 100 % Remaining = ? 
[ 25HC3S concentration ] at time 0 

TABLE 26 
Stability of 25HC3S at 30 mg / mL in 250 mg / mL HPBCD containing 10 , 20 , 50 
and 100 mM Phosphate or 10 and 50 mM Borate Buffers Stressed at 80° C . 

Time 
Point 
( Days ) Buffer 

Buffer 
( mm ) 

% 
25HC3S Remaining 
( mg / mL ) of 25HC3S 

Osmolality 
( mmole / kg ) pH Appearance 

0 Phosphate 10 273 28 . 45 
27 . 03 
26 . 00 
24 . 70 
20 . 58 
28 . 63 

100 . 0 
95 . 0 
91 . 4 
86 . 8 

291 
286 
294 
300 
311 

72 . 3 
20 

27 . 03 

8 . 09 Clear 
7 . 28 colorless 
6 . 82 solution 
6 . 34 
2 . 67 
7 . 81 
7 . 35 
7 . 13 
6 . 80 
5 . 75 
7 . 63 
7 . 42 

26 . 05 N 

vw NOW NOWN 
100 . 0 
94 . 4 
91 . 0 
86 . 3 
73 . 3 

100 . 0 

24 . 70 N 

21 . 00 354 
415 50 28 . 50 

27 . 13 95 . 2 427 
25 . 83 90 . 6 432 7 . 29 
24 . 65 86 . 5 7 . 08 

6 . 73 20 . 75 72 . 8 453 
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TABLE 26 - continued 
Stability of 25HC3S at 30 mg / mL in 250 mg / mL HPBCD containing 10 , 20 , 50 
and 100 mM Phosphate or 10 and 50 mM Borate Buffers Stressed at 80° C . 

% Time 
Point 
( Days ) Buffer 

Buffer 
( mm ) 

25HC3S 
( mg / mL ) 

Remaining 
of 25HC3S 

Osmolality 
( mmole / kg ) pH Appearance 

100 573 
589 

28 . 58 
27 . 10 
25 . 83 
24 . 65 
21 . 05 

100 . 0 
94 . 8 
90 . 4 
86 . 2 
73 . 7 

585 
589 
616 

Borate 28 . 58 
26 . 90 
25 . 63 
24 . 40 
20 . 55 wwn 

100 . 0 
94 . 1 
89 . 7 
85 . 4 
71 . 9 

7 . 53 Clear 
7 . 42 colorless 
7 . 33 solution 
7 . 15 
6 . 93 Clear brown 

solution 
9 . 36 Clear 
9 . 12 colorless 
8 . 92 solution 
8 . 60 
7 . 06 Clear 

colorless 
solution at 
80° C . when 
cooled to 

316 
318 
323 
328 
352 

RT , ppt 

vWNO 
28 . 50 
26 . 78 
25 . 45 
24 . 05 
20 . 20 

100 . 0 
94 . 0 
89 . 3 
84 . 4 
70 . 9 

524 
527 
534 
535 
569 

formed 
9 . 40 Clear 
9 . 34 colorless 
9 . 28 solution 
9 . 12 
8 . 92 Clear brown 

solution at 
80° C . when 
cooled to 
RT , ppt 
formed 

Precipitate = ppt 

TABLE 27 TABLE 28 - continued 
Calculated t90 Values ( Days ) for 25HC3S at 80º C . Impurity profile for 25HC3S at 30 mg / mL in 250 mg / mL 

HPBCD containing 10 , 20 , 50 and 100 mM Phosphate or 
10 and 50 mM Borate Buffers Stressed at 80° C Concentration 

( mm ) 
First Order 

Rate Constant Intercept 
Calculated t90 

( days ) Buffer 

% Peak Area 2 . 3 
? 

? 

Phosphate 
Phosphate 
Phosphate 
Phosphate 
Borate 
Borate 

10 
20 
50 
100 
10 
50 

99 . 9 
99 . 2 
99 . 5 
99 
98 . 9 
98 . 8 

- 0 . 0462 
- 0 . 0437 
- 0 . 0451 
- 0 . 0430 
- 0 . 0463 
- 0 . 0484 

? 

2 . 0 
1 . 9 

Time 
Point 
( Days ) 

Major 
Thermal 
Degradant 
at RRT = 

2 . 64 

25 - Hydroxy 
Cholesterol 
at RRT = 

3 . 67 
Buffer 
( MM ) Buffer 25HC3S 

0 . 3 97 . 9 1 . 9 
4 . 3 

??? : ? 

20 

[ 0288 ] The impurity profiles for the formulations stressed 
at 80° C . are shown in Table 28 . The major degradant is the 
hydrolysis product , 25 - hydroxy cholesterol , which steadily 
increases over time at all conditions . The other observed 
degradant at relative retention time ( RRT ) of 2 . 64 , typically 
did not increase when stability tested . 

? 

? 

?? ?? ?? ?? 
50 

27 . 1 
0 . 0 
1 . 0 
1 . 9 
3 . 5 

19 . 8 
0 . 0 
1 . 0 
2 . 0 
3 . 3 

11 . 6 
0 . 0 
0 . 9 

TABLE 28 

99 . 7 
98 . 8 
98 . 0 
96 . 4 
79 . 9 
99 . 7 
98 . 9 
97 . 8 
96 . 5 
88 . 2 
99 . 8 
98 . 8 

O 

W NAO W NOW NAO WNOWN 
Impurity profile for 25HC3S at 30 mg / mL in 250 mg / mL 
HPBCD containing 10 , 20 , 50 and 100 mM Phosphate or 

10 and 50 mM Borate Buffers Stressed at 80° C . 

O 

O 

?? ?? ?? ??? ??? ?? 
100 

% Peak Area 
O 97 . 8 

O 

Major 
Thermal 
Degradant 
at RRT = 

2 . 64 

?? ?? ?? 25 - Hydroxy 
Cholesterol 
at RRT = 

3 . 67 

Borate Time 
Point 
( Days ) 

10 ccccccccco O 

96 . 6 
90 . 0 
99 . 7 
98 . 8 
97 . 9 
97 . 0 

?? Buffer 
( MM ) 1 . 0 Buffer 25HC3S 

o 0 . 3 
0 Phosphate 10 0 . 3 0 . 0 

0 . 9 
99 . 8 
98 . 9 0 . 3 92 . 5 
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TABLE 28 - continued TABLE 30 - continued 
Impurity profile for 25HC3S at 30 mg / mL in 250 mg / mL 
HPBCD containing 10 , 20 , 50 and 100 mM Phosphate or 

10 and 50 mM Borate Buffers Stressed at 80° C . 
Impurity Profile for 25HC3S at 30 mg / mL in 250 mg / mL HPBCD 
containing 10 , 20 , 50 and 100 mM Phosphate or 10 and 50 mM 

Borate Buffers Stressed at 60° C . 
% Peak Area 

% Peak Area 

Time 
Point 

( Days ) 

Major 
Thermal 25 - Hydroxy 

Degradant Cholesterol 
at RRT = at RRT = 

2 . 64 3 . 67 
Buffer 
( MM ) Time Buffer 25HC3S 

Major 25 - Hydroxy 
thermal Cholesterol 

Buffer degradant 
( mm ) at RRT = 2 . 64 RRT = 3 . 67 

at 
50 0 . 2 

0 . 3 
0 . 0 
1 . 0 

Point 

( Days ) Buffer 25HC3S 
?? ?? ??? - 2 . 0 0 . 3 

0 . 2 

99 . 9 
98 . 7 
97 . 8 
96 . 9 
93 . 6 

3 . 0 1 . 4 98 . 3 

0 . 3 6 . 2 0 . 0 99 . 8 
98 . 4 

?? ?? ?? ?? ?? ?? 
Borate 

1 . 4 
0 . 0 
1 . 3 

99 . 7 
98 . 5 

0 . 0 

10289 ] When stressed at 60° C . for 29 days , the % remain 
ing of 35HC3S was 93 . 7 , 93 . 5 , 93 . 4 and 93 . 2 % for the 
formulations containing 10 , 20 , 50 and 100 mM phosphate 
buffers , respectively ( Table 28 ) . The % remaining of 
35HC3S was 92 . 9 and 94 . 8 % for the formulations contain 
ing 10 and 50 mM borate buffers , respectively ( Table 29 ) . 

99 . 9 

98 . 5 0 . 3 1 . 3 

TABLE 29 
Stability of 25HC3S at 30 mg / mL in 250 mg / mL HPBCD containing 10 , 20 , 50 
and 100 mM Phosphate or 10 and 50 mM Borate Buffers Stressed at 60° C . 

Time 
Point 
( Days ) Buffer 

Buffer 
( MM ) 

25HC3S Remaining 
( mg / mL ) of 25HC3S 

Osmolality 
( mmole / kg ) pH Appearance 

0 Phosphate 10 . 28 . 45 
26 . 65 
28 . 63 
26 . 78 
28 . 50 
26 . 63 
28 . 58 
26 . 63 
28 . 58 
26 . 55 
28 . 50 
27 . 03 

100 . 0 
93 . 7 
100 . 0 
93 . 5 

100 . 0 
93 . 4 
100 . 0 
93 . 2 
100 . 0 
92 . 9 
100 . 0 
94 . 8 

273 
281 
311 
322 
415 
430 
573 
592 
316 
326 
524 
541 

8 . 09 Clear 
7 . 04 colorless 
7 . 81 Solution 
7 . 17 
7 . 63 
7 . 28 
7 . 53 
7 . 28 
9 . 36 Clear 
8 . 90 colorless 
9 . 40 solution 
9 . 19 

Borate 

[ 0290 ] The impurity profiles for the formulations stressed 
at 60° C . are shown in Table 30 . As at 80° C . , 25 - hydroxy 
cholesterol increased when the formulations were stability 
tested , while the impurity at RRT 2 . 64 typically remained 
constant . 

TABLE 30 

Impurity Profile for 25HC3S at 30 mg / mL in 250 mg / mL HPBCD 
containing 10 , 20 , 50 and 100 mM Phosphate or 10 and 50 mm 

Borate Buffers Stressed at 60° C . 

( 2 ) Effect of Buffer Concentrations on the Osmolality of 
Formulations , Stressed at 80° C . for Up to 7 Days and at 60° 
C . for 29 Days 
[ 0291 ] There was no significant buffer concentration effect 
on the osmolality for the stressed formulations . 
[ 0292 ] When stressed at 80º C . for 7 days , the osmolality 
of 25HC3S formulations slightly increased to 300 , 354 , 453 
and 616 mmole / kg from 273 , 311 , 415 , 573 mmole / kg ( time 
0 ) for the formulations containing 10 , 20 , 50 and 100 mm 
phosphate buffers , respectively ( Table 25 ) . The osmolality 
of 25HC3S formulations slightly increased to 352 and 569 
mmole / kg from 316 and 524 mmole / kg ( time ( ) for the 
formulations containing 10 and 50 mM borate buffers , 
respectively ( Table 26 ) . 
[ 0293 ] FIG . 16 shows the change in osmolality from T = 0 
for the phosphate buffers at 80° C . FIG . 17 shows the change 
in osmolality from T = 0 for the borate buffers at 80º C . 
[ 0294 ] When stressed at 60° C . for 29 days , the osmolality 
increased to 281 , 322 , 430 and 592 mmole / kg from 273 , 311 , 
415 , and 573 mmole / kg ( time 0 ) for the formulations con 
taining 10 , 20 , 50 and 100 mM phosphate buffers , respec 

% Peak Area 

25 - Hydroxy 
Cholesterol Time 

Point 
( Days ) Buffer 

Major 
thermal 
degradant 

at RRT = 2 . 64 
at Buffer 

( MM ) RRT = 3 . 67 25HC3S 

0 Phosphate 10 0 . 3 
0 . 3 
0 . 3 
0 . 3 
0 . 3 

0 . 0 
1 . 4 
0 . 0 
1 . 4 
0 . 0 

99 . 8 
98 . 3 
99 . 7 
98 . 3 
99 . 7 
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tively ( Table 28 ) . The osmolality increased to 326 and 541 
mmole / kg from 316 and 524 mmole / kg ( time 0 ) for formu - 
lations containing 10 and 50 mM of borate buffers , respec 
tively ( Table 28 ) . 
[ 0295 ] The slight increase ( ranging from approximately 
25 to 45 mmole / kg ) in osmolality for all formulations was 
possibly due to the hydrolysis of 25HC3S to form 25 - Hy 
droxy Cholesterol and sodium bisulfate ( Tables 25 and 28 ) 
or hydrolysis of HPBCD . 

showed the best buffer capacity with the least pH change 
when stressed at 80° C . for 7 days , however , it turned brown . 
Formulations containing borate buffers at 10 and 50 mM 
also turned brown , and precipitation was observed when 
cooled to room temperature . 
[ 0303 ] 35HC3S at 30 mg / mL in 250 mg / mL of HPBCD 
containing 50 mM phosphate buffer at pH 7 . 63 showed the 
best stability among the six formulations . When stressed at 
80° C . for 7 days or 60° C . for 29 days , the formulation 
remained unchanged as a colorless clear solution and no 
precipitate was observed when removed from 80° C . oven 
and cooled to ambient room temperature . 

Example 12 . Topical Formulation Physical Stability 
Testing 

( 3 ) Effect of Buffer Concentration on the pH Values of 
Formulations , Stressed at 80° C . for Up to 7 Days and 60° 
C . for 29 Days 
[ 0296 ] Under the stress conditions , the acidity of the 
formulation increased . Formulations with higher concentra 
tion of buffer ( either phosphate or borate ) showed greater 
buffer capacity , resulting in less change of pH values for the 
formulation . 
[ 0297 ] When stressed at 80° C . for 7 days , the pH values 
of 35HC3S formulations decreased to 2 . 67 , 5 . 75 , 6 . 73 and 
6 . 93 from 8 . 09 , 7 . 81 , 7 . 63 , 7 . 53 ( pH at time 0 ) for the 
formulations containing 10 , 20 , 50 and 100 mM phosphate 
buffers , respectively ( Table 26 ) . The pH values of 35HC3S 
formulations decreased to 7 . 06 and 8 . 92 from 9 . 36 and 9 . 40 
( pH at time 0 ) for the formulations containing 10 and 50 mM 
borate buffers , respectively ( Table 26 ) . FIG . 18 shows the 
pH of the formulations at 80° C . FIGS . 19 and 20 show the 
change in pH from T = 0 for the phosphate and borate buffer 
formulations , respectively . 
[ 0298 ] When stressed at 60° C . for 29 days , the pH values 
of 35HC3S formulations decreased to 7 . 04 , 7 . 17 , 7 . 28 and 
7 . 28 for the formulations containing 10 , 20 , 50 and 100 mM 
phosphate buffers , respectively ( Table 28 ) . The pH values of 
35HC3S formulations decreased to 8 . 90 and 9 . 19 for the 
formulations containing 10 and 50 mm borate buffers , 
respectively ( Table 28 ) . 

Methods 
[ 0304 ] The formulation shown in below Table 31 . The 
formulation was prepared by following the below steps : 

[ 0305 ] 1 ) Drug was dissolved in a solution of HPLCD in 
water . 

[ 0306 ] 2 ) Isopropyl palmitate and Tween 60 were mixed 
with molten cetyl alcohol at 60° C . 

[ 0307 ] 3 ) Drug solution was added to the mixture of 
cetyl alcohol / IPM and Tween 60 and mixed until a 
uniform cream was formed . 

Results 
[ 0308 ] The appearance of the resulting formulation is 
shown in below Table 31 . The formulation was left at room 
temperature for 2 months . Its physical stability was recorded 
as shown in below Table 31 . 

TABLE 31 
Formulation for Physical Stability Studies 

Components , % w / w Form ID 44 

5 . 9 
39 . 6 
9 . 9 

25HC3S 
HPLCD 
IPM 
Cetyl alcohol 
Tween 60 
Water 
Appearance 
Physical stability at 
room temperature 
after 2 months 

9 . 9 
33 . 7 

Cream 
Stable cream 
Cetyl alcohol 

solidified 

( 4 ) Effect of Buffer Concentration on the Physical 
Appearance of Formulations , Stressed at 80° C . for Up to 7 
Days and 60° C . for Up to 29 Days 
[ 0299 ] In some cases , both buffer types and buffer con 
centrations showed significant effect on the appearance of 
35HC3S formulations . 
[ 0300 ] When stressed at 80° C . for up to 7 days , formu 
lations containing phosphate buffers at 10 , 20 and 50 mM 
remained unchanged as colorless clear solutions . Formula 
tion containing 100 mM phosphate turned to brown clear 
solution . When stressed at 80° C . for up to 7 days , formu 
lations containing 10 or 50 mM borate buffers formed light 
brown and brown clear solutions , respectively . When these 
two borate formulations were removed from the 80° C . oven 
and cooled to room temperature , a white precipitate was 
observed ( Table 25 ) . 
[ 0301 ] When stressed at 60° C . for 29 days , all six 
formulations showed clear colorless solutions ( Table 28 ) . 
Possibly the stress duration was not long enough to show the 
effect of buffer types and concentrations . 

Example 13 . Injectable Formulation 
[ 0309 ] Formulations are manufactured as shown in Table 
32 . 

TABLE 32 
12 25HC3S ( mg / mL ) 

HPLCD ( mg / mL ) 
Sodium phosphate buffer ( MM ) 

30 
240 

rímM ) 
96 
50 50 

Conclusion 
0302 ] Buffer concentration showed no effect on the 
chemical stability and osmolality of all six formulations 
under accelerated temperature at 80° C . for 7 days or 60° C . 
for 29 days . The formulation containing 100 mM phosphate 

f0310 ] Unless otherwise stated , a reference to a compound 
or component includes the compound or component by 
itself , as well as in combination with other compounds or 
components , such as mixtures of compounds . 
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[ 0311 ] As used herein , the singular forms “ a , " " an , " and 
“ the ” include the plural reference unless the context clearly 
dictates otherwise . 
[ 0312 ] For all numeric ranges provided herein , it should 
be understood that the ranges include all integers between 
the highest and lowest value of the range , as well as all 
decimal fractions lying between those values , e . g . in incre 
ments of 0 . 1 . 
[ 0313 ] For all numeric values provided herein , the value is 
intended to encompass all statistically significant values 
surrounding the numeric value . 
[ 0314 ] While the disclosure has been described in terms of 
its preferred embodiments , those skilled in the art will 
recognize that the disclosure can be practiced with modifi 
cation within the spirit and scope of the appended aspects 
and claims . Accordingly , the present disclosure should not 
be limited to the embodiments as described above , but 
should further include all modifications and equivalents 
thereof within the spirit and scope of the description pro 
vided herein . 

1 . A composition comprising 
5 - cholesten - 3 , 25 - diol , 3 - sulfate ( 25HC3S ) or a pharma 

ceutically acceptable salt thereof ; and 
at least one cyclic oligosaccharide . 
2 . The composition of claim 1 , wherein the cyclic oli 

gosaccharide comprises a cyclodextrin or a cyclodextrin 
derivative . 

3 . The composition of claim 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 substi 
tuted 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 claim 2 , wherein the cyclodextrin 
or the cyclodextrin derivative comprises at least one of 
hydroxypropyl B - cyclodextrin , sulfobutyl ether ß - cyclodex 
trin , a - cyclodextrin and y - cyclodextrin . 

5 . The composition of any of claims 1 to 4 , wherein the 
cyclic oligosaccharide is present in the composition at a 
concentration ranging from about 0 . 1 % ( w / w ) to about 99 % 
( w / w ) . 

6 . The composition of any of claims 1 to 5 , wherein the 
cyclic oligosaccharide is present in the composition at a 
concentration ranging from about 0 . 1 % ( w / w ) to about 90 % 
( w / w ) . 

7 . The composition of any of claims 1 to 6 , wherein the 
composition further comprises at least one alcohol . 

8 . The composition of claim 7 , wherein the at least one 
alcohol comprises at least one diol . 

9 . The composition of claim 8 , wherein the at least one 
diol comprises a - propylene glycol . 

10 . The composition of any of claims 1 to 9 , wherein the 
composition comprises a physiologically acceptable carrier . 

11 . The composition of claim 10 , wherein the physiologi 
cally acceptable carrier comprises at least one buffer . 

12 . The composition of any of claims 1 to 11 , wherein the 
composition comprises at least one physiologically accept 
able excipient . 

13 . 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 ischemia ; unwanted cell 
death ; sepsis ; acute radiation syndrome ; a liver disorder ; a 
lipid accumulation disorder ; and an inflammatory skin dis 
ease or skin lesion ; the method comprising administering to 
the subject a therapeutically effective amount of the com 
position of any of claims 1 to 12 . 

14 . The method of claim 13 , wherein the method com 
prises treating dysfunction or failure of at least one organ 
selected from kidney , liver , pancreas , heart , lung and brain . 

15 . The method of claim 13 , wherein the method com 
prises treating dysfunction or failure of the liver caused by 
acetaminophen . 

16 . The method of claim 13 , wherein the method com 
prises treating injury caused by ischemia . 

17 . The method of claim 13 , wherein the method com 
prises treating injury caused by ischemia caused by isch 
emia / reperfusion injury . 

18 . The method of claim 13 , wherein the method com 
prises treating a liver disorder . 

19 . The method of claim 13 , wherein the method com 
prises treating a liver disorder that is non - alcoholic fatty 
liver disease ( NAFLD ) or nonalcoholic steatohepatitis 
( NASH ) . 

20 . The method of claim 13 , wherein the method com 
prises treating an inflammatory skin disease or skin lesion . 

21 . The method of claim 13 , wherein the method com 
prises treating an inflammatory skin disease that is atopic 
dermatitis or psoriasis . 

22 . A composition as defined in any one of claims 1 to 12 
for use as a medicament . 
23 . A composition as defined in any one of claims 1 to 12 

for use in treatment of at least one disease or condition 
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 syndrome ; a liver disorder ; a 
lipid accumulation disorder ; and an inflammatory skin dis 
ease or skin lesion . 

24 . Use of a composition as defined in any one of claims 
1 to 12 in the manufacture of a medicament for use in 
treatment of at least one disease or condition selected from 
hyperlipidemia or a disease or condition caused by hyper 
lipidemia ; 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 syndrome ; a liver disorder ; a lipid accumu 
lation disorder ; and an inflammatory skin disease or skin 
lesion . 


