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(57) ABSTRACT

A method of treating a disorder related to a high cholesterol
concentration, comprising administering to a subject in need
thereof a compound of formula (I):

@

Also disclosed are methods, kits, combinations, and compo-
sitions for treating a disorder in a subject where an activator of
liver X alpha is indicated, such as in, for example, treating a
high cholesterol disease.
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METHOD OF TREATING DISORDER
RELATED TO HIGH CHOLESTEROL
CONCENTRATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 10/290,997, filed on Nov. 8, 2002; which is a
continuation-in-part of U.S. application Ser. No. 10/137,695
filed May 2, 2002; U.S. application Ser. No. 10/290,997
claims the benefit of U.S. Provisional Application No.
60/348,019 filed Nov. 8, 2001; U.S. application Ser. No.
10/137,695 claims the benefit of U.S. Provisional Application
Ser. No. 60/288,643 filed May 3, 2001. The contents of each
of these prior applications is incorporated by reference in
their entireties.

FUNDING

[0002] Work described herein was supported by grants
from the National Institute of Health (AT-00850 and
CA-58073). The U.S. government has certain rights in the
invention.

TECHNICAL FIELD

[0003] The present invention relates to a pharmaceutical
compositions comprising a liver X receptor agonist, to meth-
ods of treatment comprising administering such a pharma-
ceutical composition to a subject in need thereof, a method for
the manufacture of such a composition, to the use of such a
composition in treating disease, to combinations with such a
composition with other therapeutic agents, and to kits con-
taining such a composition.

BACKGROUND OF THE INVENTION

[0004] It has been well known that a high cholesterol con-
centration is related to vascular disorders such as coronary
heart disease or atherosclerosis. See, e.g., Essays of an Infor-
mation Scientist, 1986, 9, 282-292; and “Cholesterol”,
Microsoft® Encarta® Encyclopedia 2000. It has also been
found that some neurodegenerative diseases such as elevated
senile cognitive impairment or dementia (e.g., Alzheimer’s
disease) can be attributed to an elevated concentration of
cholesterol. See, e.g., Sparks, D. L. etal., Microsc. Res. Tech.,
2000, 50, 287-290.

[0005] The cholesterol concentration can be down-regu-
lated by liver X receptors (LXRs) such as liver X receptor
alpha and liver X receptor beta (also called UR). Liver X
receptors regulate the cholesterol efflux through the coordi-
nate regulation of genes, e.g., apolipoprotein E (apoE) and
ATP-binding cassette transporter Al (ABCAL1), which are
involved in lipid metabolism. See, e.g., Laffitte, B. A. et al.,
Proc. Natl. Acad. Sci. US4, 2001, 98 (2), 507-512; Cole, G.
M. etal., Microsc. Res. Tech., 2000, 50,316-324; and Oram J.
F et al., Journal of Lipid Research, 2001, 42, 1173-1179.
Thus, liver X receptor ligands are potential drug candidates
for treating a disorder related to a high cholesterol concentra-
tion.

SUMMARY OF THE INVENTION

[0006] The present invention is directed to methods, kits,
combinations, and compositions for treating, preventing or
reducing the risk of developing a disorder or disease related
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to, or the symptoms associated with, high blood serum con-
centrations of cholesterol in a subject.

[0007] One aspect of this invention relates to a method of
treating a disorder related to high cholesterol concentration,
comprising administering to a subject in need thereof a com-
pound of formula (I):

@

In formula (I), each of Ry, R,, R;, R,, Rs, R, R, R, Ry5,
R;s, Ry4, and R,,, independently, is hydrogen, halo, alkyl,
haloalkyl, hydroxy, amino, carboxyl, oxo, sulfonic acid, or
alkyl that is optionally inserted with —NH—, —N(alkyl)-,
—0—, —8—, —S0—, —S0,—, —0—S0,—, —S0,—
00—, —SO0,—0—, —CO—, —CO—0—, —0—CO—,
—CO—NR"—, or —NR'—CO—; each of Rg, R, R, R;3,
and R, ,, independently, is hydrogen, halo, alkyl, haloalkyl,
hydroxyalkyl, alkoxy, hydroxy, or amino; nis 0, 1, or 2; A is
alkylene, alkenylene, or alkynylene; and each of X, Y, and Z,
independently, is alkyl, haloalkyl, —OR', —SR', —NR'R",
—N(OR"R", or —N(SR")R"; or X and Y together are —O,
—S, or —NR"; wherein each of R' and R", independently, is
hydrogen, alkyl, or haloalkyl. Note that the carbon atoms
shown in formula (I) are saturated with hydrogen unless
otherwise indicated.

[0008] Each of the term “alkyl,” the prefix “alk” (as in
alkoxy), and the suffix “-alkyl” (as in hydroxyalkyl) refers to
a C,_g hydrocarbon chain, linear (e.g., butyl) or branched
(e.g., iso-butyl). Alkylene, alkenylene, and alkynylene refer
to divalent C, ¢ alkyl (e.g., ethylene), alkene, and alkyne
radicals, respectively. Unless otherwise defined, all technical
and scientific terms used herein have the same meaning as
commonly understood by one of ordinary skills in the art to
which this invention belongs.

[0009] Referring to formula (I), subsets of the compounds
that can be used to practice the method of this invention
include those wherein eachof R |, R,, R4, R, Rg, Rg, Ry 1, Ry 5,
R4, Ryss Ry, independently, is hydrogen; each of R, R;3,
and R,,, independently, is an alky] (e.g., methyl, ethyl, butyl,
or iso-butyl); n is 0; and A is alkylene; those wherein Ry is
hydrogen (e.g., § hydrogen), and each of R and R, indepen-
dently, is hydroxy (e.g., o hydroxy); those wherein each of X,
Y, and Z, independently, is alkyl (e.g., methyl, propyl, or
hexyl), haloalkyl (e.g., trifluoromethyl, or 3-chloropropyl),
—OR' (e.g., hydroxy or methyocy), or —SR"; and those
wherein X and Y together are —O or —S; and Z is —OR/,
—SR',—NR'R" (e.g., ethylmethylamino), —N(OR"R" (e.g.,
methoxymethylamino), or —N(SR")R".

[0010] Shown below are hypocholamide (with carbon
atoms numbered) and hypocholaride, two of the compounds
described above that can be used to practice the method of this
invention:
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(hypocholamide)

OH

CFs.
e

HO“‘\“'
on
(hypocholaride)

[0011] A compound ofthe present invention also includes a
pharmaceutically-acceptable salt, an ester, an amide, an enan-
tiomer, an isomer, a tautomer, a polymorph, a prodrug, or a
derivative thereof. Such salts, for example, can be formed
between a positively charged substituent in a compound (e.g.,
amino) and an anion. Suitable anions include, but are not
limited to, chloride, bromide, iodide, sulfate, nitrate, phos-
phate, citrate, methanesulfonate, triffuoroacetate, and acetate.
Likewise, a negatively charged substituent in a compound
(e.g., carboxylate) can form a salt with a cation. Suitable
cations include, but are not limited to, sodium ion, potassium
ion, magnesium ion, calcium ion, and an ammonium cation
such as tetramethylammonium ion. Examples of prodrugs
include esters and other pharmaceutically acceptable deriva-
tives, which, upon administration to a subject, are capable of
providing compounds described above.

[0012] The details of one or more embodiments of the
invention are set forth in the accompanying description
below. Other features, objects, and advantages of the inven-
tion will be apparent from the description and claims.

DETAILED DESCRIPTION OF THE INVENTION

[0013] The present invention is directed to a method of
treating a condition or disorder where treatment with a liver X
receptor alpha agonist is indicated, the method comprises
administration of a composition of the present invention to a
subject in need thereof.

[0014] Another aspect of this invention relates to a pharma-
ceutical composition for treating a disorder related to a high
cholesterol concentration in blood serum of a subject. This
composition includes an effective amount of a compound of
formula (I) and a pharmaceutically acceptable carrier. Also
within the scope of this invention is the use of a compound of
formula (I) for the manufacture of a medicament to be used in
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treating one of such disorders. Treatment of these conditions
is accomplished by administering to a subject a therapeuti-
cally effective amount of a compound or composition of the
present invention.

[0015] In one embodiment of the present invention, the
disorder that can be treated by the methods, kits, combina-
tions, and compositions of this invention is a vascular disor-
der or a neurodegenerative disorder, for example, arterioscle-
rosis, senile cognitive impairment, and/or dementia (e.g.,
Alzheimer’s discase).

[0016] Compounds that can be used to practice the meth-
ods, kits, combinations, and compositions of the present
invention can be synthesized according to methods well
known in the art by using a suitable steroid as a starting
material. Illustratively, such a steroid possesses a substitutent
at C-20 (the carbon to which R, is attached, see formula (I)
or the structure of hypocholamide shown above) that can be
modified to contain a moiety defined by X, Y, and Z (also
shown in formula (I)). Examples of the steroid include cholic
acid, dehydrocholic acid, deoxycholic acid, lithocholic acid,
ursodeoxycholic acid, hyocholic acid, hyodeoxycholic acid,
and cholanoic acid. They are either commercially available or
can be synthesized according to a method described in the
literature, e.g., Roda et al., F/ Lipid Res., 1994, 35: 2268-
2279; or Roda et al., Dig. Dis. Sci., 1987, 34: 24S-358S.
[0017] A compound that has an amide-containing substi-
tutent at C-20 (i.e., X and Y together are —0O, and Z is amine)
can be prepared by reacting a steroid having a carboxyl-
containing substituent at C-20 with an amino-containing
compound (such as dimethylamine, aniline, glycine, and phe-
nylalanine). Similarly, a compound that has an ester-contain-
ing substitutent at C-20 (i.e., X and Y together are —O, and Z
is alkoxy) can be prepared by reacting a steroid having a
carboxyl-containing substituent at C-20 with a hydroxyl-con-
taining compound (such as ethanol and isopropanol). The
amide- or ester-forming reaction can take place in any suit-
able solvents. If the reaction takes place in an aqueous solu-
tion, isolation of the steroid product for in vitro or in vivo
screening assays may not be necessary.

[0018] A compound that has a carbonyl-containing substi-
tutent at C-20 (i.e., X and Y together are —O) can be con-
verted, e.g., to a thiocarbonyl-containing compound (i.e., X
and Y together are —S) by reacting it with sulfur hydride, or
to an imino-containing compound (i.e., X and Y together are
—NR) by reacting it with hydrazine. See, e.g., Janssen et al.
(Ed.), Organosulfur Chemistry, Wiley: New York, 1967,219-
240; and Patai et al. (Ed.), The Chemistry of the Carbon-
Nitrogen Double Bond, Wiley: New York, 1970, 64-83 and
465-504.

[0019] Substituents at positions other than C-20, if neces-
sary, can further be introduced by methods well known in the
art. For instance, a hydroxyl substituent at C-3 can be con-
verted to an ester substituent by reacting it with an acid such
as acetic acid.

[0020] Due to the simplicity of the reaction, it can be easily
automated. Isolation and quantification of the product can be
done by thin-layer chromatography, high pressure liquid
chromatography, gas chromatography, capillary electro-
phoresis, or other analytical and preparative procedures.
[0021] A compound that does not contain a carbonyl, thio-
carbonyl, or imino group in the C-20 substituent can also be
prepared by methods well known in the art. For instance,
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3a,60,24-trihydroxy-58-24,24-di(trifluoromethyl)-cholane
(i.e., hypocholaride) can be prepared according to the follow-
ing scheme:

MeOW/H*
o™
6
OMe
TBDMS-CIl_
o™
6
1. CF;SiMe;s,
CsF
2 EOH
TBDMSO™
OTBDMS
1. CF3SIM63,
CsF
2. BOWHCL
TBDMSO"
OTBDMS
on

CF3

o

no®

OH

As shown in the above scheme, 3a,6c-dihydroxy-5p-24-
cholanoic acid s first reacted with methanol in the presence of
an acid to afford its methyl ester. The ester is subsequently
treated for protection of the 3c. and 6 hydroxyl groups, and
then converted to a ketone. The ketone is subsequently con-

Apr. 15,2010

verted to an alcohol, a-substituted with trifluoromethyl.
Finally, the alcohol is deprotected to afford hypocholaride.
[0022] In another embodiment, the compounds of the
present invention have an overall hypolipidemic effect in a
hypercholesterolemic subject. While not wishing to be bound
by any particular theory, it is believed that the compounds of
formula 1 exhibit a unique pharmacokinetic profile, for
example, in one embodiment, the compounds of formula I do
not substantially increase the serum triglyceride level in a
subject, while at the same time lowering serum LDL choles-
terol levels; therefore, the compounds of the present invention
represent a novel class of therapeutic agents for cholesterol
management.

[0023] In one embodiment of the present invention, the
compounds activate the liver X receptor alpha (that is, an liver
X receptor alpha agonist). In another embodiment of the
present invention, the compounds selectively activate the
liver X receptor alpha (that is, a selective liver X receptor
alpha agonist) relative to liver X receptor beta. In one embodi-
ment, the compounds of the present invention have a selec-
tivity ratio of liver X receptor alpha relative to liver X receptor
beta of at least 2; in another embodiment have a selectivity
ratio of at least 25; in another embodiment have a selectivity
ratio of at least 50; in another embodiment have a selectivity
ratio of at least 100, and in another embodiment have a selec-
tivity ratio of at least 1,000. As used herein, the term liver X
receptor agonist encompasses both a liver X receptor alpha
agonist and a selective liver X receptor alpha agonist, unless
the context in which it is used dictates otherwise.

[0024] Illustratively, agonists of liver X receptor alpha used
in the treatment, prevention or reduction in the risk of devel-
oping a vascular disorder or a neurodegenerative disorder
may activate the liver X receptor alpha activity through a
variety of mechanisms. By way of example, the liver X recep-
tor alpha agonist used in the methods described herein may
activate the receptor directly by binding to the receptor, such
as a ligand. While not wishing to be bound by theory, the use
of a liver X receptor alpha selective activator can be advan-
tageous in that they may increase the HDL cholesterol level,
and/or decrease the LDL cholesterol level in serum or in the
liver without increasing serum triglycerides levels.

[0025] Anin vitro assay can be conducted to preliminarily
screen a compound thus obtained for its efficacy in agonizing
liver X receptors and increasing the amount of apoE, thereby
decreasing the cholesterol level and treating a disorder related
to a high cholesterol concentration. For instance, kidney cells
are transfected with a luciferase reporter gene (which
includes a human c-fos minimal promoter) and liver X recep-
tor. After incubating the transfected cells with a compound to
be tested, the activity of luciferase is measured to determine
the transactivation extent of the reporter gene.

[0026] Compounds that show efficacy in the preliminary in
vitro assay can be further evaluated in an animal study by a
method also well known in the art. For example, a compound
can be orally administered to mice. The efficacy of the com-
pound can be determined by comparing cholesterol levels in
various tissues of the treated mice with those in non-treated
mice. Song et al., Steroids 2001, 66, 673-681.

[0027] Theterm “treat” or “treatment™ as used herein refers
to any treatment of a disorder or disease associated with a
disease or disorder related to high blood serum concentration
of cholesterol in a subject, and includes, but is not limited to,
preventing the disorder or disease from occurring in a subject
which may be predisposed to the disorder or disease, but has
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not yet been diagnosed as having the disorder or disease;
inhibiting the disorder or disease, for example, arresting the
development of the disorder or disease; relieving the disorder
or disease, for example, causing regression of the disorder or
disease; or relieving the condition caused by the disease or
disorder, for example, stopping the symptoms of the disease
or disorder.

[0028] The term “prevent” or “prevention,” in relation to a
disease or disorder related to high blood serum concentration
of cholesterol in a subject, means no disease or disorder
development if none had occurred, or no further disorder or
disease development if there had already been development
of the disorder or disease.

[0029] The phrase “high blood serum concentration of cho-
lesterol” or “high blood serum cholesterol concentration™ as
used herein refers to cholesterol blood serum levels in a
subject that is generally above that which has generally been
determined healthy or normal, and is, or can lead to the
development of a disease or disorder associated with high
serum concentrations of cholesterol. The healthy or normal
level will vary from species to species and even subject to
subject, or be age specific, for example, however, a person of
ordinary skill in the art will be able to determine a healthy or
normal level for each subject. Healthy or normal levels of
cholesterol can be calculated by referencing many scientific
and medical publications. Generally, cholesterol is measured
in a subject as total plasma cholesterol, LDL cholesterol and
HDL cholesterol. Illustratively, in an adult human, high blood
serum cholesterol concentration is generally considered to be
above about 5.2 mmol/L, (200 mg/dL) for total plasma cho-
lesterol; and/or above about 3.36 mmol/LL (130 mg/dL.) for
LDL cholesterol. In another embodiment, in an adult human,
high blood serum cholesterol concentration is generally con-
sidered to be above about 5.2 to about 6.18 mmol/L (200-239
mg/dL) for total plasma cholesterol; and/or above about 3.36
to about4.11 mmol/L (130-159 mg/dL) for LDL cholesterol.
In yet another embodiment, in an adult human, high blood
serum cholesterol concentration is generally considered to be
above about 6.21 mmol/L. (240 mg/dL.) for total plasma cho-
lesterol; and/or above about 4.14 mmol/LL (160 mg/dL.) for
LDL cholesterol level is.

[0030] An effective amount of an efficacious compound
can be formulated with a pharmaceutically acceptable carrier
to form a pharmaceutical composition before being adminis-
tered for treatment of a disease related to a high cholesterol
concentration. “An effective amount” or “pharmacologically
effective amount” refers to the amount of the compound
which is required to confer therapeutic effect on the treated
subject. The interrelationship of dosages for animals and
humans (based on milligrams per square meter of body sur-
face) is described by Freireich et al., Cancer Chemother. Rep.
1966, 50, 219. Body surface area may be approximately
determined from height and weight of the patient. See, e.g.,
Scientific Tables, Geigy Pharmaceuticals, Ardley, N.Y., 1970,
537. Effective doses will also vary, as recognized by those
skilled in the art, depending on the route of administration, the
excipient usage, and the optional co-usage with other thera-
peutic treatments.

[0031] Toxicity and therapeutic efficacy of the active ingre-
dients can be determined by standard pharmaceutical proce-
dures, e.g., for determining [.D50 (the dose lethal to 50% of
the population) and the ED50 (the dose therapeutically effec-
tive in 50% of the population). The dose ratio between toxic
and therapeutic effects is the therapeutic index and it can be
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expressed as the ratio LDS0/ED50. Compounds which
exhibit large therapeutic indices are preferred. While com-
pounds that exhibit toxic side effects may be used, care should
be taken to design a delivery system that targets such com-
pounds to the site of affected tissue in order to minimize
potential damage to uninfected cells and, thereby, reduce side
effects.

[0032] Included in the methods, kits, combinations and
pharmaceutical compositions of the present invention are the
isomeric forms and tautomers of the described compounds
and the pharmaceutically-acceptable salts thereof. Illustrative
pharmaceutically acceptable salts are prepared from formic,
acetic, propionic, succinic, glycolic, gluconic, lactic, malic,
tartaric, citric, ascorbic, glucuronic, maleic, fumaric, pyruvic,
aspartic, glutamic, benzoic, anthranilic, mesylic, stearic, sali-
cylic, p-hydroxybenzoic, phenylacetic, mandelic, embonic
(pamoic), methanesulfonic, ethanesulfonic, benzenesulfonic,
pantothenic, toluenesulfonic, 2-hydroxyethanesulfonic, sul-
fanilic, cyclohexylaminosulfonic, algenic, b-hydroxybutyric,
galactaric and galacturonic acids.

[0033] The term “prodrug” refers to a drug or compound in
which the pharmacological action (active curative agent)
results from conversion by metabolic processes within the
body. Prodrugs are generally considered drug precursors that,
following administration to a subject and subsequent absorp-
tion, are converted to an active or a more active species via
some process, such as a metabolic process. Other products
from the conversion process are easily disposed of by the
body. Prodrugs generally have a chemical group present on
the prodrug which renders it less active and/or confers solu-
bility or some other property to the drug. Once the chemical
group has been cleaved from the prodrug the more active drug
is generated. Prodrugs may be designed as reversible drug
derivatives and utilized as modifiers to enhance drug transport
to site-specific tissues. The design of prodrugs to date has
been to increase the effective water solubility of the therapeu-
tic compound for targeting to regions where water is the
principal solvent. For example, Fedorak, et al., Am. J.
Physiol, 269:G210-218 (1995), describe dexamethasone-
beta-D-glucuronide. McLoed, etal., Gastroenterol., 106:405-
413 (1994), describe dexamethasone-succinate-dextrans.
Hochhaus, et al., Biomed. Chrom., 6:283-286 (1992),
describe dexamethasone-21-sulphobenzoate sodium and
dexamethasone-21-isonicotinate. Additionally, J. Larsen and
H. Bundgaard [Int. J. Pharmaceutics, 37, 87 (1987)] describe
the evaluation of N-acylsulfonamides as potential prodrug
derivatives. J. Larsen et al., [Int. J. Pharmaceutics, 47, 103
(1988)] describe the evaluation of N-methylsulfonamides as
potential prodrug derivatives. Prodrugs are also described in,
forexample, Sinkulaetal., J. Pharm. Sci., 64:181-210 (1975).

[0034] The term “derivative” refers to a compound that is
produced from another compound of similar structure by the
replacement of substitution of one atom, molecule or group
by another. For example, a hydrogen atom of a compound
may be substituted by alkyl, acyl, amino, etc., to produce a
derivative of that compound.

[0035] “Plasma concentration” refers to the concentration
of a substance in blood plasma or blood serum.

[0036] “Drug absorption” or “absorption” refers to the pro-
cess of movement from the site of administration of a drug
toward the systemic circulation, for example, into the blood-
stream of a subject.
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[0037] “Bioavailability” refers to the extent to which an
active moiety (drug or metabolite) is absorbed into the gen-
eral circulation and becomes available at the site of drug
action in the body.

[0038] “Metabolism™ refers to the process of chemical
alteration of drugs in the body.

[0039] “Pharmacodynamics™ refers to the factors which
determine the biologic response observed relative to the con-
centration of drug at a site of action.

[0040] “Pharmacokinetics” refers to the factors which
determine the attainment and maintenance of the appropriate
concentration of drug at a site of action.

[0041] “Half-life” refers to the time required for the plasma
drug concentration or the amount in the body to decrease by
50% from its maximum concentration.

[0042] Theuse ofthe term “about” in the present disclosure
means “approximately,” and illustratively, the use of the term
“about” indicates that dosages outside the cited ranges may
also be effective and safe, and such dosages are also encom-
passed by the scope of the present claims.

[0043] The term “measurable serum concentration” means
the serum concentration (typically measured in mg, pug, or ng
of therapeutic agent per ml, dl, or 1 of blood serum) of a
therapeutic agent absorbed into the bloodstream after admin-
istration.

[0044] The term “pharmaceutically acceptable” is used
adjectivally herein to mean that the modified noun is appro-
priate for use in a pharmaceutical product. Pharmaceutically
acceptable cations include metallic ions and organic ions.
More preferred metallic ions include, but are not limited to
appropriate alkali metal (Group Ia) salts, alkaline earth metal
(Group Ila) salts and other physiological acceptable metal
ions. Exemplary ions include aluminum, calcium, lithium,
magnesium, potassium, sodium and zinc in their usual
valences. Preferred organic ions include protonated tertiary
amines and quaternary ammonium cations, including in part,
trimethylamine, diethylamine, N,N'-dibenzylethylenedi-
amine, chloroprocaine, choline, diethanolamine, ethylenedi-
amine, meglumine (N-methylglucamine) and procaine.
Exemplary pharmaceutically acceptable acids include with-
out limitation hydrochloric acid, hydrobromic acid, phospho-
ric acid, sulfuric acid, methanesulfonic acid, acetic acid, for-
mic acid, tartaric acid, maleic acid, malic acid, citric acid,
isocitric acid, succinic acid, lactic acid, gluconic acid, glucu-
ronic acid, pyruvic acid oxalacetic acid, fumaric acid, propi-
onic acid, aspartic acid, glutamic acid, benzoic acid, and the
like.

[0045] The compositions of the present invention are usu-
ally administered in the form of pharmaceutical composi-
tions. These compositions can be administered by any appro-
priate route including, but not limited to, oral, rectal,
transdermal, parenteral (for example, subcutaneous, intra-
muscular, intravenous, intramedullary and intradermal injec-
tions, or infusion techniques administration), intranasal (for
example, nasogastric tube), transmucosal, implantation,
inhalation spray, vaginal, topical, and buccal (for example,
sublingual). Such preparations may routinely contain buffer-
ing agents, preservatives, penetration enhancers, compatible
carriers and other therapeutic ingredients.

[0046] The present invention also includes methods
employing a pharmaceutical composition that contains the
composition of the present invention associated with pharma-
ceutically acceptable carriers or excipients. As used herein,
the terms “pharmaceutically acceptable carrier” or “pharma-
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ceutically acceptable excipients” includes any and all sol-
vents, dispersion media, coatings, antibacterial and antifun-
gal agents, isotonic and absorption delaying agents, and the
like. The use of such media and agents for ingestible sub-
stances is well known in the art. Except insofar as any con-
ventional media or agent is incompatible with the composi-
tions, its use is contemplated. Supplementary active
ingredients can also be incorporated into the compositions.

[0047] In making the compositions of the present inven-
tion, the compositions(s) can be mixed with a pharmaceuti-
cally acceptable excipient, diluted by the excipient or
enclosed within such a carrier, which can be in the form of a
capsule, sachet, paper or other container. The carrier materi-
als that can be employed in making the composition of the
present invention are any of those commonly used excipients
in pharmaceutics and should be selected on the basis of com-
patibility with the active drug and the release profile proper-
ties of the desired dosage form. Illustratively, a pharmaceuti-
cal excipient except active drugs are chosen below as

examples:
[0048] (a) Binders such as acacia, alginic acid and salts
thereof, cellulose derivatives, methylcellulose,

hydroxyethyl cellulose, hydroxypropy! cellulose, mag-
nesium aluminum silicate, polyethylene glycol, gums,
polysaccharide acids, bentonites, hydroxypropyl meth-
ylcellulose, gelatin, polyvinylpyrrolidone, polyvi-
nylpyrrolidone/vinyl acetate copolymer, crospovidone,
povidone, polymethacrylates, hydroxypropylmethyl-
cellulose, hydroxypropylcellulose, starch, pregelati-
nized starch, ethylcellulose, tragacanth, dextrin, micro-
crystalline cellulose, sucrose, or glucose, and the like.

[0049] (b) Disintegration agents such as starches, prege-
latinized corn starch, pregelatinized starch, celluloses,
cross-linked carboxymethylcellulose, sodium starch
glycolate, crospovidone, cross-linked polyvinylpyrroli-
done, croscarmellose sodium, a calcium, a sodium algi-
nate complex, clays, alginates, gums, or sodium starch
glycolate, and any disintegration agents used in tablet
preparations.

[0050] (c)Filling agents such as lactose, calcium carbon-
ate, calcium phosphate, dibasic calcium phosphate, cal-
cium sulfate, microcrystalline cellulose, cellulose pow-
der, dextrose, dextrates, dextran, starches,
pregelatinized starch, sucrose, xylitol, lactitol, mannitol,
sorbitol, sodium chloride, polyethylene glycol, and the
like.

[0051] (d) Surfactants such as sodium lauryl sulfate, sor-
bitan = monooleate,  polyoxyethylene  sorbitan
monooleate, polysorbates, polaxomers, bile salts, glyc-
eryl monostearate, Pluronic™ line (BASF), and the like.

[0052] (e) Solubilizer such as citric acid, succinic acid,
fumaric acid, malic acid, tartaric acid, maleic acid, glu-
taric acid sodium bicarbonate and sodium carbonate and
the like.

[0053] (f) Stabilizers such as any antioxidation agents,
buffers, or acids, and the like, can also be utilized.

[0054] (g) Lubricants such as magnesium stearate, cal-
cium hydroxide, talc, sodium stearyl fumarate, hydro-
genated vegetable oil, stearic acid, glyceryl behapate,
magnesium, calcium and sodium stearates, stearic acid,
talc, waxes, Stearowet, boric acid, sodium benzoate,
sodium acetate, sodium chloride, DL-leucine, polyeth-
ylene glycols, sodium oleate, or sodium lauryl sulfate,
and the like.



US 2010/0093687 Al

[0055] (h) Wetting agents such as oleic acid, glyceryl
monostearate, sorbitan monooleate, sorbitan monolau-
rate, triethanolamine oleate, polyoxyethylene sorbitan
monooleate, polyoxyethylene sorbitan monolaurate,
sodium oleate, or sodium lauryl sulfate, and the like.

[0056] (i) Diluents such lactose, starch, mannitol, sorbi-
tol, dextrose, microcrystalline cellulose, dibasic calcium
phosphate, sucrose-based diluents, confectioner’s sugar,
monobasic calcium sulfate monohydrate, calcium sul-
fate dihydrate, calcium lactate trihydrate, dextrates,
inositol, hydrolyzed cereal solids, amylose, powdered
cellulose, calcium carbonate, glycine, or bentonite, and
the like.

[0057] (j) Anti-adherents or glidants such as talc, corn
starch, DL-leucine, sodium lauryl sulfate, and magne-
sium, calcium, or sodium stearates, and the like.

[0058] (k) Pharmaceutically compatible carrier com-
prises acacia, gelatin, colloidal silicon dioxide, calcium
glycerophosphate, calcium lactate, maltodextrin, glyc-
erine, magnesium silicate, sodium caseinate, soy leci-
thin, sodium chloride, tricalcium phosphate, dipotas-
sium phosphate, sodium stearoyl lactylate, carrageenan,
monoglyceride, diglyceride, or pregelatinized starch,
and the like.

[0059] Additionally, drug formulations are discussed in, for
example, Hoover, John E., Remington’s The Science and
Practice of Pharmacy (2000). Another discussion of drug
formulations can be found in Liberman, H. A. and Lachman,
L., Eds., Pharmaceutical Dosage Forms, Marcel Decker,
New York, N.Y., 1980.

[0060] Besides being useful for human treatment, the
present invention is also useful for other subjects including
veterinary animals, reptiles, birds, exotic animals and farm
animals, including mammals, rodents, and the like. Mammal
includes a primate, for example, a monkey, or a lemur, a
horse, a dog, a pig, or a cat. A rodent includes a rat, a mouse,
a squirrel, or a guinea pig.

[0061] The pharmaceutical compositions of the present
invention are useful where administration of a liver X recep-
tor alpha agonist is indicated. It has been found that these
compositions are particularly effective in the treatment of a
vascular disorder or a neurodegenerative disorder, such as
arteriosclerosis, high cholesterol serum concentration, senile
cognitive impairment and/or dementia (for example, Alzhe-
imer’s disease).

[0062] For treatment of a disorder related to a vascular
disorder or a neurodegenerative disorder, compositions of the
invention can be used to provide a dose of a compound of the
present invention of about 5 ng to about 1000 mg, or about
100 ng to about 600 mg, or about 1 mg to about 500 mg, or
about 20 mg to about 400 mg. A dose can be administered in
one to about four doses per day, or in as many doses per day
to elicit a therapeutic effect. Illustratively, a dosage unit of a
composition of the present invention can typically contain,
for example, about 5 ng, 50 ng 100 ng, 500 ng, 1 mg, 10 mg,
20 mg, 40 mg, 80 mg, 100 mg, 125 mg, 150 mg, 200 mg, 250
mg, 300 mg, 350 mg, 400 mg, 450 mg, 500 mg, 550 mg, 600
mg, 700 mg, 800 mg, 900 mg, or 1000 mg of a compound of
the present invention. The dosage form can be selected to
accommodate the desired frequency of administration used to
achieve the specified dosage. The amount of the unit dosage
form of the composition that is administered and the dosage
regimen for treating the condition or disorder depends on a
variety of factors, including, the age, weight, sex and medical
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condition, of the subject, the severity of the condition or
disorder, the route and frequency of administration, and this
can vary widely, as is well known.

[0063] In one embodiment of the present invention, the
composition is administered to a subject in an effective
amount, that is, the composition is administered in an amount
that achieves a therapeutically-effective dose of a compound
of the present invention in the blood serum of a subject for a
period of time to elicit a desired therapeutic effect. [llustra-
tively, in a fasting adult human (fasting for generally at least
10 hours) the composition is administered to achieve a thera-
peutically-effective dose of a compound of the present inven-
tion inthe blood serum of a subject from about 5 minutes after
administration of the composition. In another embodiment of
the present invention, a therapeutically-effective dose of the
compound of the present invention is achieved in the blood
serum of a subject at about 10 minutes from the time of
administration of the composition to the subject. In another
embodiment of the present invention, a therapeutically-effec-
tive, dose of the compound of the present invention is
achieved in the blood serum of a subject at about 20 minutes
from the time of administration of the composition to the
subject. In yet another embodiment of the present invention,
a therapeutically-effective dose of the compound of the
present invention is achieved in the blood serum of a subject
at about 30 minutes from the time of administration of the
composition to the subject. In still another embodiment of the
present invention, a therapeutically-effective dose of the
compound of the present invention is achieved in the blood
serum of a subject at about 40 minutes from the time of
administration of the composition to the subject. In one
embodiment of the present invention, a therapeutically-effec-
tive dose of the compound of the present invention is achieved
in the blood serum of a subject at about 20 minutes to about 12
hours from the time of administration of the composition to
the subject. In another embodiment of the present invention,
a therapeutically-effective dose of the compound of the
present invention is achieved in the blood serum of a subject
at about 20 minutes to about 6 hours from the time of admin-
istration of the composition to the subject. In yet another
embodiment of the present invention, a therapeutically-effec-
tive dose of the compound of the present invention is achieved
in the blood serum of a subject at about 20 minutes to about 2
hours from the time of administration of the composition to
the subject. In still another embodiment of the present inven-
tion, a therapeutically-effective dose of the compound of the
present invention is achieved in the blood serum of a subject
at about 40 minutes to about 2 hours from the time of admin-
istration of the composition to the subject. And in yet another
embodiment of the present invention, a therapeutically-effec-
tive dose of the compound of the present invention is achieved
in the blood serum of a subject at about 40 minutes to about 1
hour from the time of administration of the composition to the
subject.

[0064] Inone embodiment of the present invention, a com-
position of the present invention is administered at a dose
suitable to provide a blood serum concentration with a half
maximum dose of a compound of the present invention. I1lus-
tratively, a blood serum concentration of about 0.01 to about
1000 nM, or about 0.1 to about 750 nM, or about 1 to about
500 nM, or about 20 to about 1000 nM, or about 100 to about
500 nM, or about 200 to about 400 nM is achieved in a subject
after administration of a composition of the present invention.
Contemplated compositions of the present invention provide
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a therapeutic effect as compound of the present invention
medications over an interval of about 5 minutes to about 24
hours after administration, enabling once-a-day or twice-a-
day administration if desired. In one embodiment of the
present invention, the composition is administered at a dose
suitable to provide an average blood serum concentration
with a half maximum dose of a compound of the present
invention of at least about 1 pg/ml; or at least about 5 pg/ml,
oratleast about 10 pug/ml, or atleast about 50 pg/ml, or at least
about 100 ng/ml, or at least about 500 pug/ml, at least about
1000 pg/ml in a subject about 10, 20, 30, or 40 minutes after
administration of the composition to the subject.

[0065] The amount of therapeutic agent necessary to elicit
a therapeutic effect can be experimentally determined based
on, for example, the absorption rate of the agent into the blood
serum, the bioavailability of the agent, and the potency for
modulating a liver X receptor. It is understood, however, that
specific dose levels of the therapeutic agents of the present
invention for any particular subject depends upon a variety of
factors including the activity of the specific compound
employed, the age, body weight, general health, sex, and diet
of the subject (including, for example, whether the subject is
in a fasting or fed state), the time of administration, the rate of
excretion, the drug combination, and the severity of the par-
ticular disorder being treated and form of administration.
Treatment dosages generally may be titrated to optimize
safety and efficacy. Typically, dosage-effect relationships
from in vitro and/or in vivo tests initially can provide useful
guidance on the proper doses for subject administration.
Studies in animal models generally may be used for guidance
regarding effective dosages for treatment of gastrointestinal
disorders or diseases in accordance with the present inven-
tion. In terms of treatment protocols, it should be appreciated
that the dosage to be administered will depend on several
factors, including the particular agent that is administered, the
route administered, the condition of the particular subject,
etc. Generally speaking, one will desire to administer an
amount of the compound that is effective to achieve a serum
level commensurate with the concentrations found to be
effective in vitro for a period of time effective to elicit a
therapeutic effect. Thus, where a compound is found to dem-
onstrate in vitro activity at, for example, a half-maximum
effective dose of 200 nM, one will desire to administer an
amount of the drug that is effective to provide about a half-
maximum effective dose of 200 nM concentration in vivo for
a period of time that elicits a desired therapeutic effect, for
example, agonizing a liver X receptor, treating a disorder
related to high cholesterol concentration, treating arterioscle-
rosis, treating a senile cognitive impairment, treating demen-
tia, treating Alzheimer’s, and other indicators as are selected
as appropriate measures by those skilled in the art. Determi-
nation of these parameters is well within the skill of the art.
These considerations are well known in the art and are
described in standard textbooks.

[0066] In order to measure and determine the effective
amount of a compound of the present invention to be deliv-
ered to a subject, serum compound of the present invention
concentrations can be measured using standard assay tech-
niques.

[0067] Contemplated compositions of the present inven-
tion provide a therapeutic effect over an interval of about 30
minutes to about 24 hours after administration to a subject. In
one embodiment compositions provide such therapeutic
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effect in about 30 minutes. In another embodiment composi-
tions provide therapeutic effect over about 24 hours, enabling
once-a-day administration.

[0068] Inanotheraspect,the present invention is directed to
therapeutic methods of'treating a condition or disorder where
treatment with a liver X receptor alpha is indicated, the
method comprises the oral administration of one or more
compositions of the present invention to a subject in need
thereof. In one embodiment, the condition or disorder is a
vascular disorder or a neurodegenerative disorder.

[0069] The present methods, kits, and compositions can
also be used in combination (“combination therapy”) with
another pharmaceutical agent that is indicated for treating or
preventing a vascular disorder or a neurodegenerative disor-
der, such as, for example, a atatin (e.g., lovastatin) an angio-
tensin converting enzyme inhibitor, an angiotensin Il receptor
antagonist, an antiarrhythmic, an anticholersteremic, a
diuretic, a dopamine receptor agonist, a dopamine receptor
antagonist, or a vasodilator, which are commonly adminis-
tered to treat, prevent, or minimize the symptoms and com-
plications related to this disorder. These drugs have certain
disadvantages associated with their use. Some of these drugs
are not completely effective in the treatment of the aforemen-
tioned conditions and/or produce adverse side effects, such as
mental confusion, constipation, diarrhea, etc. However, when
used in conjunction with the present invention, that is, in
combination therapy, many if not all of these unwanted side
effects can be reduced or eliminated. The reduced side effect
profile of these drugs is generally attributed to, for example,
the reduce dosage necessary to achieve a therapeutic effect
with the administered combination.

[0070] The phrase “combination therapy” embraces the
administration of a composition of the present invention in
conjunction with another pharmaceutical agent that is indi-
cated for treating or preventing a vascular disorder or a neu-
rodegenerative disorder in a subject, as part of a specific
treatment regimen intended to provide a beneficial effect
from the co-action of these therapeutic agents for the treat-
ment of a vascular disorder or a neurodegenerative disorder.
The beneficial effect of the combination includes, but is not
limited to, pharmacokinetic or pharmacodynamic co-action
resulting from the combination of therapeutic agents. Admin-
istration of these therapeutic agents in combination typically
is carried out over a defined time period (usually substantially
simultaneously, minutes, hours, days, weeks, months or years
depending upon the combination selected). “Combination
therapy” generally is not intended to encompass the admin-
istration of two or more of these therapeutic agents as part of
separate monotherapy regimens that incidentally and arbi-
trarily result in the combinations of the present invention.
“Combination therapy” is intended to embrace administra-
tion of these therapeutic agents in a sequential manner, that is,
where each therapeutic agent is administered at a different
time, as well as administration of these therapeutic agents, or
at least two of the therapeutic agents, in a substantially simul-
taneous manner. Substantially simultaneous administration
can be accomplished, for example, by administering to the
subject a single tablet or capsule having a fixed ratio of each
therapeutic agent or in multiple, single capsules, or tablets for
each of the therapeutic agents. Sequential or substantially
simultaneous administration of each therapeutic agent can be
effected by any appropriate route. The composition of the
present invention can be administered orally or nasogastric,
while the other therapeutic agent of the combination can be
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administered by any appropriate route for that particular
agent, including, but not limited to, an oral route, a percuta-
neous route, an intravenous route, an intramuscular route, or
by direct absorption through mucous membrane tissues. For
example, the composition of the present invention is admin-
istered orally or nasogastric and the therapeutic agent of the
combination may be administered orally, or percutaneously.
The sequence in which the therapeutic agents are adminis-
tered is not narrowly critical. “Combination therapy” also can
embrace the administration of the therapeutic agents as
described above in further combination with other biologi-
cally active ingredients, such as, but not limited to, an anal-
gesic, for example, and with non-drug therapies, such as, but
not limited to, surgery.

[0071] The therapeutic compounds which make up the
combination therapy may be a combined dosage form or in
separate dosage forms intended for substantially simulta-
neous administration. The therapeutic compounds that make
up the combination therapy may also be administered sequen-
tially, with either therapeutic compound being administered
by a regimen calling for two step administration. Thus, a
regimen may call for sequential administration of the thera-
peutic compounds with spaced-apart administration of the
separate, active agents. The time period between the multiple
administration steps may range from, for example, a few
minutes to several hours to days, depending upon the prop-
erties of each therapeutic compound such as potency, solu-
bility, bioavailability, plasma half-life and kinetic profile of
the therapeutic compound, as well as depending upon the
effect of food ingestion and the age and condition of the
subject. Circadian variation of the target molecule concentra-
tion may also determine the optimal dose interval. The thera-
peutic compounds of the combined therapy whether admin-
istered simultaneously, substantially simultaneously, or
sequentially, may involve a regimen calling for administra-
tion of one therapeutic compound by oral route and another
therapeutic compound by an oral route, a percutaneous route,
an intravenous route, an intramuscular route, or by direct
absorption through mucous membrane tissues, for example.
Whether the therapeutic compounds of the combined therapy
are administered orally, by inhalation spray, rectally, topi-
cally, buccally (for example, sublingual), or parenterally (for
example, subcutaneous, intramuscular, intravenous and intra-
dermal injections, or infusion techniques), separately or
together, each such therapeutic compound will be contained
in a suitable pharmaceutical formulation of pharmaceuti-
cally-acceptable excipients, diluents or other formulations
components.

[0072] For oral administration, the pharmaceutical compo-
sition can contain a desired amount of a liver X receptor alpha
agonist and be in the form of, for example, a tablet, a hard or
soft capsule, a lozenge, a cachet, a dispensable powder, gran-
ules, a suspension, an elixir, a liquid, or any other form rea-
sonably adapted for oral administration. [llustratively, such a
pharmaceutical composition can be made in the form of a
discrete dosage unit containing a predetermined amount of
the liver X receptor alpha agonist such as a tablet or a capsule.
Such oral dosage forms can further comprise, for example,
buffering agents. Tablets, pills and the like additionally can be
prepared with enteric coatings.

[0073] Pharmaceutical compositions suitable for buccal
(sublingual) administration include, for example, lozenges
comprising a liver X receptor alpha agonist in a flavored base,
such as sucrose, and acacia or tragacanth, and pastilles com-
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prising a liver X receptor alpha agonist in an inert base such as
gelatin and glycerin or sucrose and acacia.

[0074] Liquid dosage forms for oral administration can
include pharmaceutically acceptable emulsions, solutions,
suspensions, syrups, and elixirs containing inert diluents
commonly used in the art, such as water. Such compositions
can also comprise, for example, wetting agents, emulsifying
and suspending agents, and sweetening, flavoring, and per-
fuming agents.

[0075] Examples of suitable liquid dosage forms include,
but are not limited, aqueous solutions comprising a liver X
receptor alpha agonist and beta-cyclodextrin or a water
soluble derivative of beta-cyclodextrin such as sulfobutyl
ether beta-cyclodextrin; heptakis-2,6-di-O-methyl-beta-cy-
clodextrin; hydroxypropyl-beta-cyclodextrin; and dimethyl-
beta-cyclodextrin.

[0076] The pharmaceutical compositions of the present
invention can also be administered by injection (intravenous,
intramuscular, subcutaneous). Such injectable compositions
can employ, for example, saline, dextrose, or water as a suit-
able carrier material. The pH value of the composition can be
adjusted, if necessary, with suitable acid, base, or buffer.
Suitable bulking, dispersing, wetting or suspending agents,
including mannitol and polyethylene glycol (such as PEG
400), can also be included in the composition. A suitable
parenteral composition can also include a liver X receptor
alpha agonist in injection vials. Aqueous solutions can be
added to dissolve the composition prior to injection.

[0077] The pharmaceutical compositions can be adminis-
tered in the form of a suppository or the like. Such rectal
formulations preferably contain a liver X receptor alpha ago-
nist in a total amount of, for example, about 0.075 to about
75% w/w, or about 0.2 to about 40% w/w, or about 0.4 to
about 15% w/w. Carrier materials such as cocoa butter, theo-
broma oil, and other oil and polyethylene glycol suppository
bases can be used in such compositions. Other carrier mate-
rials such as coatings (for example, hydroxypropyl methyl-
cellulose film coating) and disintegrants (for example, cros-
carmellose sodium and cross-linked povidone) can also be
employed if desired.

[0078] These pharmaceutical compositions can be pre-
pared by any suitable method of pharmacy which includes the
step of bringing into association a liver X receptor alpha
agonist of the present invention and a carrier material or
carriers materials. In general, the compositions are uniformly
and intimately admixing the active compound with a liquid or
finely divided solid carrier, or both, and then, if necessary,
shaping the product. For example, a tablet can be prepared by
compressing or molding a powder or granules of the com-
pound, optionally with one or more accessory ingredients.
Compressed tablets can be prepared by compressing, in a
suitable machine, the compound in a free-flowing form, such
as a powder or granules optionally mixed with a binding
agent, lubricant, inert diluent and/or surface active/dispersing
agent(s). Molded tablets can be made by molding, in a suit-
able machine, the powdered compound moistened with an
inert liquid diluent.

[0079] Tablets of the present invention can also be coated
with a conventional coating material such as Opadry™ White
YS-1-18027A (or another color) and the weight fraction of
the coating can be about 3% of the total weight of the coated
tablet. The compositions of the present invention can be for-
mulated so as to provide quick, sustained or delayed release
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of the compositions after administration to the patient by
employing procedures known in the art.

[0080] When the excipient serves as a diluent, it can be a
solid, semi-solid or liquid material, which acts as a vehicle,
carrier or medium for the active ingredient. Thus, the com-
positions can be in the form of tablets, pills, powders, loz-
enges, sachets, cachets, elixirs, suspensions, emulsions, solu-
tions, syrups, aerosols (as a solid or in a liquid medium), soft
and hard gelatin capsules and sterile packaged powders.
[0081] Tablet forms can include, for example, one or more
oflactose, mannitol, corn starch, potato starch, microcrystal-
line cellulose, acacia, gelatin, colloidal silicon dioxide, cros-
carmellose sodium, talc, magnesium stearate, stearic acid,
and other excipients, colorants, diluents, buffering agents,
moistening agents, preservatives, flavoring agents and phar-
maceutically compatible carriers. Such tablets may also com-
prise film coatings, which dissolve upon oral ingestion or
upon contact with diluent.

[0082] In one embodiment of the present invention, the
manufacturing processes may employ one or a combination
of methods including: (1) dry mixing, (2) direct compression,
(3) milling, (4) dry or non-aqueous granulation, (5) wet
granulation, or (6) fusion. Lachman et al., The Theory and
Practice of Industrial Pharmacy (1986).

[0083] In another embodiment of the present invention,
solid compositions, such as tablets, are prepared by mixing a
therapeutic agent of the present invention with a pharmaceu-
tical excipient to form a solid preformulation composition
containing a homogeneous mixture of the therapeutic agent
and the excipient. When referring to these preformulation
compositions(s) as homogeneous, it is meant that the thera-
peutic agent is dispersed evenly throughout the composition
so that the composition may be readily subdivided into
equally effective unit dosage forms, such as tablets, pills and
capsules. This solid preformulation is then subdivided into
unit dosage forms of the type described herein.

[0084] Compressed tablets are solid dosage forms prepared
by compacting a formulation containing an active ingredient
and excipients selected to aid the processing and improve the
properties of the product. The term “compressed tablet” gen-
erally refers to a plain, uncoated tablet for oral ingestion,
prepared by a single compression or by pre-compaction tap-
ping followed by a final compression.

[0085] The tablets or pills of the present invention may be
coated or otherwise compounded to provide a dosage form
affording the advantage of prolonged action. For example, the
tablet or pill can comprise an inner dosage and an outer
dosage component, the latter being in the form of an envelope
over the former. A variety of materials can be used for such
enteric layers or coatings, including a number of polymeric
acids and mixtures of polymeric acids with such materials as
shellac, cetyl alcohol and cellulose acetate.

[0086] The term “suspension tablets” as used herein refers
to compressed tablets which rapidly disintegrate after they are
placed in water, and are readily dispersible to form a suspen-
sion containing a precise dose of the compositions(s). Cros-
carmellose sodium is a known disintegrant for tablet formu-
lations, and 1is available from FMC Corporation,
Philadelphia, Pa. under the trademark Ac-Di-Sol®. It is fre-
quently blended in compressed tableting formulations either
alone or in combination with microcrystalline cellulose to
achieve rapid disintegration of the tablet.

[0087] Microcrystalline cellulose, alone or co-processed
with other ingredients, is also a common additive for com-
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pressed tablets and is well known for its ability to improve
compressibility of difficult to compress tablet materials. It is
well known in the art that commercially available products
are available and can be used with the present invention. One
example is available under the Avicel® trademark. Two dif-
ferent Avicel® products are utilized, Avicel® PH which is
microcrystalline cellulose, and Avicel® AC-815, a co pro-
cessed spray dried residue of microcrystalline cellulose and a
calcium-sodium alginate complex in which the calcium to
sodium ratio is in the range of about 0.40:1 to about 2.5:1.
While AC-815 is comprised of 85% microcrystalline cellu-
lose (MCC) and 15% of a calcium-sodium alginate complex,
for purposes of the present invention this ratio may be varied
from about 75% MCC to 25% alginate up to about 95% MCC
to 5% alginate. Depending on the particular formulation and
active ingredient, these two components may be present in
approximately equal amounts or in unequal amounts, and
either may comprise from about 10% to about 50% by weight
of the tablet.

[0088] Dry oral formulations can contain such excipients as
binders (for example, hydroxypropylmethylcellulose, poly-
vinyl pyrilodone, other cellulosic materials and starch), dilu-
ents (for example, lactose and other sugars, starch, dicalcium
phosphate and cellulosic materials), disintegrating agents
(for example, starch polymers and cellulosic materials) and
lubricating agents (for example, stearates and talc).

[0089] Since the tablet may be used to form rapidly disin-
tegrating chewable tablets, lozenges, troches or swallowable
tablets; the intermediate formulations, as well as the process
for preparing them, provide additional aspects of the present
invention.

[0090] Effervescent tablets and powders are also prepared
in accordance with the present invention. Effervescent salts
have been used to disperse medicines in water for oral admin-
istration. Effervescent salts are granules or coarse powders
containing a medicinal agent in a dry mixture, usually com-
posed of sodium bicarbonate, citric acid and tartaric acid.
[0091] When the salts are added to water, the acids and the
base react to liberate carbon dioxide gas, thereby causing
“effervescence.”

[0092] The method of preparation of the effervescent gran-
ules of the present invention employs three basic processes:
wet granulation, dry granulation and fusion. The fusion
method is used for the preparation of most commercial effer-
vescent powders. It should be noted that, although these
methods are intended for the preparation of granules, the
formulations of effervescent salts of the present invention
could also be prepared as tablets, according to well-known
prior art technology for tablet preparation.

[0093] Wet granulation is the oldest method of granule
preparation. The individual steps in the wet granulation pro-
cess of tablet preparation include milling and sieving of the
ingredients, dry powder mixing, wet massing, granulation
and final grinding.

[0094] Dry granulation involves compressing a powder
mixture into a rough tablet or “slug” on a heavy-duty rotary
tablet press. The slugs are then broken up into granular par-
ticles by a grinding operation, usually by passage through an
oscillation granulator. The individual steps include mixing of
the powders, compressing (slugging) and grinding (slug
reduction or granulation). No wet binder or moisture is
involved in any of the steps.

[0095] Inanotheraspect, the present invention is directed to
therapeutic methods of'treating a condition or disorder where
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treatment with a liver X receptor alpha is indicated, the
method comprises the oral administration of one or more
compositions of the present invention to a subject in need
thereof. In one embodiment, the condition or disorder is a
vascular disorder or a neurodegenerative disorder.

[0096] The pharmaceutical forms suitable for injectable
use include sterile aqueous solutions or dispersions and ster-
ile powders for the extemporaneous preparation of sterile
injectable solutions or dispersions. In all cases, the form must
be sterile and must be fluid to the extent that easy syringability
exists. It must be stable under the conditions of manufacture
and storage and must be preserved against the contaminating
action of microorganisms, such as bacteria and fungi. The
pharmaceutically acceptable carrier can be a solvent or dis-
persion medium containing, for example, water, ethanol,
polyol (for example, glycerol, propylene glycol, and liquid
polyethylene glycol, and the like), suitable mixtures thereof,
and vegetable oils. The proper fluidity can be maintained, for
example, by the use of a coating, such a lecithin, by the
maintenance of the required particle size in the case of a
dispersion and by the use of surfactants. Carrier formulations
suitable for oral, subcutaneous, intravenous, intramuscular,
etc. can be found in Remington’s The Science and Practice of
Pharmacy (2000).

[0097] For parenteral administration in an aqueous solu-
tion, for example, the solution should be suitably buffered if
necessary and the liquid diluent first rendered isotonic with
sufficient saline or glucose. These particular aqueous solu-
tions are especially suitable for intravenous, intramuscular,
subcutaneous and intraperitoneal administration. In this con-
nection, sterile aqueous media which can be employed will be
known to those of skill in the art in light of the present
disclosure. For example, one dose could be dissolved in 1 ml
of isotonic NaCl solution and either added to 1000 ml of
hypodermic or intravenous fluid or injected at the proposed
site of infusion, (see, for example, Remington’s Pharmaceu-
tical Sciences, 15th Edition, pages 1035-1038 and 1570-
1580).

[0098] In other embodiments, one may desire a topical
application of compositions disclosed herein. Such composi-
tions may be formulated in creams, lotions, solutions, gels,
pastes, powders, or in solid form depending upon the particu-
lar application. The formulation of pharmaceutically accept-
able carriers for topical administration is well known to one of
skill in the art.

[0099] Inanother embodiment of the present invention, the
therapeutic agent is formulated as a transdermal delivery
device (“patches”). Such transdermal patches may be used to
provide continuous or discontinuous infusion of the com-
pounds of the present invention in controlled amounts. The
construction and use of transdermal patches for the delivery
of pharmaceutical agents is well known in the art. See, for
example, U.S. Pat. No. 5,023,252, issued Jun. 11, 1991. Such
patches may be constructed for continuous, pulsatile, or on
demand delivery of pharmaceutical agents.

[0100] Other delivery systems can include time-release,
delayed release or sustained release delivery systems. Such
systems can avoid repeated administrations of the therapeutic
agents of the present invention, increasing convenience to the
subject and the physician. Many types of release delivery
systems are available and known to those of ordinary skill in
the art. They include polymer based systems such as polylac-
tic and polyglycolic acid, polyanhydrides and polycaprolac-
tone; nonpolymer systems that are lipids including sterols
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such as cholesterol, cholesterol esters and fatty acids or neu-
tral fats such as mono-, di- and triglycerides; hydrogel release
systems; silastic systems; peptide based systems; wax coat-
ings, compressed tablets using conventional binders and
excipients, partially fused implants and the like. Specific
examples include, but are not limited to: (a) erosional systems
in which the polysaccharide is contained in a form within a
matrix, found in U.S. Pat. No. 4,452,775 (Kent); U.S. Pat. No.
4,667,014 (Nestor et al.); and U.S. Pat. No. 4,748,034 and
U.S. Pat. No. 5,239,660 (Leonard) and (b) diffusional sys-
tems in which an active component permeates at a controlled
rate through a polymer, found in U.S. Pat. No. 3,832,253
(Higuchi et al.) and U.S. Pat. No. 3,854,480 (Zaffaroni). In
addition, a pump-based hardware delivery system can be
used, some of which are adapted for implantation.

[0101] Use ofalong-term sustained release implant may be
suitable for treatment of cholesterol-related disorders in
patients who need continuous administration of the compo-
sitions of the present invention. “Long-term” release, as used
herein, means that the implant is constructed and arranged to
deliver therapeutic levels of the active ingredients for at least
30days, and preferably 60 days. Long-term sustained release
implants are well known to those of ordinary skill in the art
and include some of the release systems described above.
[0102] Inanother embodiment of the present invention, the
compound for treating high cholesterol comes in the form of
a kit or package containing one or more of the therapeutic
compounds of the present invention. These therapeutic com-
pounds of the present invention can be packaged in the form
of'a kit or package in which hourly, daily, weekly, or monthly
(or other periodic) dosages are arranged for proper sequential
or simultaneous administration. The present invention further
provides a kit or package containing a plurality of dosage
units, adapted for successive daily administration, each dos-
age unit comprising at least one of the therapeutic compounds
of the present invention. This drug delivery system can be
used to facilitate administering any of the various embodi-
ments of the therapeutic compounds of the present invention.
In one embodiment, the system contains a plurality of dos-
ages to be to be administered daily or weekly. The kit or
package can also contain the agents utilized in combination
therapy to facilitate proper administration of the dosage
forms. The kits or packages also contain a set of instructions
for the subject.

[0103] Without further elaboration, it is believed that one
skilled in the art, based on the description herein, can utilize
the present invention to its fullest extent. All publications
recited herein are hereby incorporated by reference in their
entirety. The following specific examples, which describe
synthesis and biological testing of several compounds of this
invention, are therefore to be construed as merely illustrative,
and not limitative of the remainder of the disclosure in any
way whatsoever.

Example 1

Synthesis of N-methyl-N-methoxy-3a,6a-dihy-
droxy-5p-cholanoic acid-24-amide (hypocholamide)

[0104] Into 300 mL 1,4-dioxane on ice was added 50 g of
3a,6a-dihydroxy-5p-cholanoic acid. Into the 1,4-dioxane
solution was then dropwise added 15 mL ethylchloroformate
the stirring, followed by addition of 30 mL triethylamine. The
temperature of the solution thus obtained was raised to 20° C.
and then stirred for 30 minutes. After that, 15 g of N,O-
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dimethylhydroxyamine hydrochloride was added into the
solution, which was then stirred for another 30 minutes before
20 mL of 1 N NaOH solution was added to it. The solution
was stirred for additional 16 hours. For work-up, the reaction
solution was poured into 2000 mL 1N HCl on ice, followed by
extraction with ethylacetate. The ethylacetate layer was
washed in sequence, with 1IN HCI, water, 1IN NaOH, and
water; and was then dried over anhydrous MaSO,. The ethy-
lacetate solvent was removed under reduced pressure. The
residue was purified with a silica gel column to give pure
hypocholamide in white foam at a 75% yield.

[0105] 'HNMR (CDCl,): 4.07 (m, 1H); 3.70 (s, 3H); 3.62
(m, 1H);3.18 (s, 3H); 1.05-2.50 (m, 26H); 0.92-0.95 (m, 3H);
0.91 (s, 3H); 0.65 (s, 3H).

[0106] '*CNMR: 171.0,71.6, 68.1,61.2,56.1, 55.4, 48.5,
42.8,39.9,39.8,35.9,35.5,35.0,34.8,30.6,30.2,29.2, 28.8,
28.1,24.2,23.5,20.7,18.4, 12.0, 8.0.

Example 2

Synthesis of 3a,6¢,24-trihydroxy-55-24,24-di(trif-
luoromethyl)-cholestane (hypocholaride)

[0107] 19.2 g of 3a,6a-dihydroxy-cholic acid was dis-
solved in 200 mL. anhydrous methanol. To the solution was
then added 0.4 g of p-toluenesulfonic acid. After stirring at
room temperature overnight, the methanol solvent was
removed under reduced pressure to give a crude product (i.e.,
3a,6a-dihydroxy-cholic acid methyl ester) in white foam.
[0108] Crude 3a,60-dihydroxy-cholic acid methyl ester
was then dissolved in 90 mL. dimethylforamide (DMF). Into
the DMF solution thus obtained was added 21.3 g TBDMS-CI
(1.5eq.) and 24.0 g (3.75 eq.). The mixture was subsequently
heated at 90° C. for 1 hour for protection of the 3a,6c
hydroxy groups. The DMF solvent was subsequently
removed under vacuum and the residue was added into ethyl
ether and washed with sodium hydrogen carbonate and brine
sequentially. After being dried over anhydrous sodium sul-
fate, ethyl ether was removed under reduced pressure. The
residue was purified by a silica gel column to give a pure
hydroxy-protected product in white foam at a 95% yield.
[0109] 6.5 g of the hydroxy-protected product thus
obtained was first dissolved in 60 mL glycol dimethyl ether.
To the solution thus obtained were then added 1.5 mL trim-
ethyl(trifluoromethyl)silane and a catalytic amount of CsF at
room temperature. After stirring overnight, ethanol was
added to the solution. The solution was then stirred at room
temperature for 1 hour before all the solvents were removed
under reduced pressure to give crude product (i.e., trifluorom-
ethylketone).

[0110] The crude trifluoromethylketone product was dis-
solved in 60 mL glycol dimethyl ether. Into the solution were
then added 1.5 mL trimethyl(trifluoromethyl)silane and a
catalytic amount of CsF at room temperature. After the solu-
tion was stirred overnight, 3 mL ethanol was added to it. The
solution was then further stirred at room temperature for 1
hour before all the solvents were removed under reduced
pressure. The residue thus obtained was dissolved in a mix-
ture of 100 mL ethanol and 3 ml. concentrated hydrogen
chloride. The ethanol solution was stirred for 1 hour, and the
solvent was then removed under reduced pressure. The resi-
due was subject to column purification to give the product
(i.e., hypocholaride) as a white solid.

[0111] 'H NMR (CD,0OD): 4.00 (m, 1H); 3.50 (m, 1H);
0.92~1.89 (m, 32H); 0.67 (s 3H).
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[0112] '>C NMR: 123.6 (dd, 280 Hz); 76.0 (m); 70.9; 67.1,
56.1,55.7,42.5,39.8,39.7,35.8, 35.4, 35.3,34.7, 34.0, 29.6,
28.5,27.6,23.7,22.6,20.4, 17.3.

Example 3
Evaluation of Liver X Receptor Agonistic Activity

[0113] Theliver X receptor agonistic activity ot hypochola-
mide and hypocholaride was evaluated in a gene transactiva-
tion assay. See, e.g., Song, C. et al., Steroids, 2000, 65, 423-
427.

[0114] Specifically, human embryonic kidney 293 cells
were seeded into a 48-well culture plate at 10° cells per well
in a Dulbecco’s modified Eagle’s medium (DMEM) supple-
mented with 10% fetal bovine serum. After incubation for 24
hours, the cells were transfected by the calcium phosphate
coprecipitation method with 250 ng of a pGL3/UREluc
reporter gene that consisted of three copies of AGGTCAagc-
cAGGTCA fused to nucleotides —56 to +109 of the human
c-fos promoter in front of the firefly luciferase gene in the
plasmid basic pGL3 (Promega, Madison, Wis.), 40 ng pSG5/
hRXR,,, 40 ng pSG5/rUR or CMX/hliver X receptorc, 10 ng
pSG5/hGripl, 0.4 ng CMV/R-luc (transfection normaliza-
tion reporter, Promega) and 250 ng carrier DNA per well. See,
e.g., Janowski, B. A. etal., Nature, 1996, 383, 728-731; Song,
C. et al., Endocrinology, 2000, 141, 4180-4184; Hong, H. et
al., Proc. Natl. Acad. Sci. USA, 1996, 93, 4948-4952; and
Amemiya-Kudo, M. et al., J. Biol. Chem., 2000, 275,31078-
31085.

[0115] Afterincubation for another 12 to 24 hours, the cells
were washed with phosphate buffer saline and then refed with
DMEM supplemented with 4% delipidated fetal bovine
serum. An ethanol solution containing hypocholamide or
hypocholaride was added in duplicate to the DMEM cell
culture with the final concentration of hypocholamide of 1 to
10 uM and the final ethanol concentration of 0.2%. After
incubation for another 24 to 48 hours, the cells were harvested
and the luciferase activity was measured with a commercial
kit (Promega Dual luciferase II) on a Monolight luminometer
(Becton Dickenson, Mountain View, Calif.).

[0116] The results show that both hypocholamide and
hypocholaride were unexpectedly potent agonists of liver X
receptor alpha and liver X receptor beta (i.e., UR). For
instance, hypocholaride had EDs, values of 20nM and 80 nM
for liver X receptor alpha and liver X Receptor beta, respec-
tively.

Example 4
In Vitro Study on ApoE Gene Expression

[0117] Rat astrocyte cultures were prepared from the cere-
bral cortex of 1-2-day-old Harlan Sprague-Dawley neonatal
rats (Harlan, Indianapolis, Ind.) according to a method
described in LaDu et al., J. Biol. Chem., 2000, 275 (43):
33974-80. The astrocyte cells were grown to 90% confluency
before the initiation of experiments. The culture medium was
changed to o-minimum essential medium containing N2
supplements (Life Technologies, Inc., Gaithersburg, Md.), to
which hypocholamide (0.1 to 1 pM/L) was added in tripli-
cates. After incubation for 48-72 hours, a conditioned
medium was collected and mixed with a SDS loading buffer.
Cells lysate was made in situ by adding a SDS loading buffer
to the culture plates.
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[0118] Western blot analysis was performed as described
by LaDu et al., supra. Cell lysate and conditioned media were
loaded on a 4-20% gradient SDS-polyacrylamide electro-
phoresis gel and transferred onto nitrocellulose membranes
after electrophoresis. The membrane were stained with amino
black briefly and de-stained in distilled water. After the pro-
tein staining patterns were scanned, the membranes were
blocked with a phosphate-buffered saline solution containing
0.2% Tween 20 and 1% fat-free milk powder. The ApoE
amount was detected by using anti-rat ApoE polyclonal anti-
bodies, horseradish peroxidase-conjugated goat anti-rabbit
IgG, a chmiliminescent substrate (Pierce, Rockford, Il1.) and
X-ray films.

[0119] Compared with vehicle treatment, the administra-
tion ofhypocholamide resulted in an unexpectedly significant
increase in the amount of ApoE in both cell medium and
lysate.

Example 5
Animal Study on ApoE Gene Expression

[0120] Twenty LDL receptor null gene mice were fed with
an atherogenic diet (15% fat, 0.2% cholesterol) and divided
into 4 groups (5 each) for receiving, respectively, O (control),
25, 50, and 100 mg/kg body weight/day of hypocholamide
dissolved in their drinking water which also contained 0.25%
HPCD, for 2 weeks. At the end of the 2 weeks, the mice were
sacrificed and various tissues (i.e., liver, brain, and intestine)
were collected. The collected tissues were analyzed accord-
ing to the method described in Example 4.

[0121] The results show that the groups treated with hypo-
cholamide had a total serum cholesterol level much lower
than that in the control group. It was also shown that hypo-
cholamide induced ATP-binding cassette protein Al
(ABCALl), sterol-regulating enhancing region binding pro-
tein 1 (SREBP-1) and apoE expression in the central nerve
system of LDL receptor null mice. In situ hybridization using
anti-ApoE probe showed much more apoE mRNA in the
brains of the treated mice than that in the untreated mice,
especially in the region of hippocampus and cerebral cortex.

Example 6
Animal Study on Atherosclerosis

[0122] Twenty 8-week-old male apoE null mice (back-
crossed with C57BL/6 mice for more than 10 generations)
purchased from Jackson Laboratories were housed in a tem-
perature-controlled room with a 12-hour light-dark cycle.
The mice were fed on a standard rodent diet (Purina Mills, St.
Louis, Mo.) with 0.25% p-cyclodextrin (Acros Organics,
Ceel, BELGIUM) added to the water. Among them, 10 mice
were fed on water supplemented with 0.5 mg/ml hypochola-
mide. All procedures performed on the mice were in accor-
dance with the National Institutes of Health and institutional
guidelines.

[0123] At 32 weeks of age, each of the mice was anesthe-
tized, exsanguinated via the retro-orbital sinus, and perfused
at physiological pressure via the left ventricle of the heart
with an outflow in the right atrium with phosphate buffered
saline (PBS) for 15 minutes and then another 20 minutes with
4% paraformaldehyde and 5% sucrose in PBS. Aortas used
for immunohistochemistry were perfused with PBS alone.
The upper half of the heart and the proximal aorta (including
the brachiocephalic trunk, left carotid, and left subclavian)
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were embedded in OCT Compound (Sakura Finetek, Tor-
rance, Calif.) and then frozen in a mixture of dry ice and
2-methylbutane. The frozen tissue was serially sectioned into
10-um sections from the brachiocephalic trunk through the
aortic root. Every 10th section was stained with hematoxylin
and eosin, with the neighboring sections stained with oil red
O and Harris’ hematoxylin and counterstained with fast
green, or with Gomori’s trichrome acid fuchsin (GTAF). The
lesion area was quantified by using digitally captured oil red
O-stained sections in the brachiocephalic trunk 350 um distal
from the point at which the brachiocephalic trunk entered the
aortic arch and in the aortic root at the site of the appearance
of the coronary artery. The size of the lesion in the brachio-
cephalic trunk was determined as a percentage of the total
lumen area. See, e.g., Nicoletti, A. etal., J. Clin. Invest., 1998,
102, 910-918.

[0124] Atherosclerosis was quantified by use of OpenLab
Software, version 1.7.6. For immunohistochemistry involv-
ing T cells, the slides were incubated overnight at 4° C. with
purified anti-CD4 rat IgG (GK1.5, 1 pg/ml), rinsed, and
incubated with secondary rat anti-IgG (10 pg/mL). The anti-
gen-antibody binding was detected by an avidin-biotinylated
horseradish peroxidase system (Vector Laboratories, Burlin-
game, Calif.) with diaminobenzidine (DAB, Vector Labora-
tories) and counterstained with hematoxylin.

[0125] Plasma lipid levels were determined as described in
Cabana, V. G. et al., J. Lipid Res., 1999, 40, 1090-1103.
Plasma obtained at the time of euthanasia (150 to 250 ul.) was
fractionated on tandem Superose 6 fast protein liquid chro-
matography (FPLC) columns in 200 mmol/L. sodium phos-
phate (pH 7.4), 50 mmol/L. NaCl, 0.03% EDTA, and 0.02%
sodium azide, and 400-ul. fractions were collected. The
amount of cholesterol in the even-numbered fractions was
determined and expressed as micrograms cholesterol per mil-
liliter of plasma. The area under the lipoprotein peaks was
quantified by computer digitizer (SigmaScan, Scientific Mea-
surement Systems, Jandel Scientific, Chicago, Ill.) and
expressed as percentage of total area.

[0126] The results indicate that hypocholamide effectively
slowed atherosclerosis at distal sites in apoE null mice.

Other Embodiments

[0127] A number of embodiments of the invention have
been described. Nevertheless, it will be understood that vari-
ous modifications may be made without departing from the
spirit and scope of the invention. Accordingly, other embodi-
ments are within the scope of the following claims, and as
various changes can be made to the above compositions,
formulations, combinations, and methods without departing
from the scope of the invention, it is intended that all matter
contained in the above description be interpreted as illustra-
tive and not in a limiting sense. All patent documents and
references listed herein are incorporated by reference.

What is claimed is:
1. A method of treating a disorder related to a high blood
serum cholesterol concentration in a subject in need thereof,

comprising administering to the subject a compound of for-
mula (I):
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wherein
Ry, Ry Ry, Ry R, R, R Ry LR 5, Rys, Ry, and R, are
independently hydrogen, halo, alkyl, haloalkyl,
hydroxy, amino, carboxyl, oxo, sulfonic acid, or alkyl
that is optionally substituted at one or more positions

with —NH—, —N(alkyl)-, —O—, —S—, —SO—,
—S0,—, —0—S80,—, —SO0,—0—, —S0,—0—,
—CO—, —CO—0—, —0—CO—, —CO—NR"—,
or —NR'—CO—;

Rg, Ry, R, Ry3, and R, are independently hydrogen,
halo, alkyl, haloalkyl, hydroxyalkyl, alkoxy, hydroxy, or
amino;

nis 0, 1, or 2;

A is alkylene, alkenylene, or alkynylene;

X, Y, and Z are independently alkyl, haloalkyl, —OR',
—SR',—NR'R", —N(OR"R", or —N(SR")R"; or X and
Y together are —O, —S, or —NR'; and

R'and R", are independently hydrogen, alkyl, or haloalkyl;

or a salt, an ester, an amide, an enantiomer, an isomer, a
tautomer, a polymorph, a prodrug, or a derivative
thereof.

2. The method of claim 1, wherein R |, R,, R,, R, R, Ry,
R,;, R 5, R 4, Ri5, and R ¢ are independently hydrogen; R,
R,;,and R,  are independently alkyl; nis 0; and A is alkylene.

3. The method of claim 2, wherein R5 is hydrogen; and R,
and R are hydroxy.

4. The method of claim 3, wherein R is beta-hydrogen; and
R; and R are alpha-hydroxy.

5. The method of claim 1, wherein R is hydrogen; and R,
and R are hydroxy.

6. The method of claim 3, wherein R is beta-hydrogen; and
R; and R are alpha-hydroxy.

7. The method of claim 1, wherein X, Y, and Z, are inde-
pendently alkyl, haloalkyl, —OR', or —SR'.

8. The method of claim 7, wherein R |, R,, R,, R, R, Ry,
R, Ry Ryy, Rys, and R, ¢ are hydrogen; R, R, 5, and R,
are alkyl; nis O; and A is alkylene.

9. The method of claim 8, wherein R is hydrogen; and R,
and R are hydroxy.

10. The method of claim 9, wherein Ry is beta-hydrogen;
and R; and R are alpha-hydroxy.

11. The method of claim 7, wherein R, is hydrogen; and R,
and R are hydroxy.

12. The method of claim 11, wherein R is beta-hydrogen;
and R; and R are alpha-hydroxy.

13. The method of claim 7, wherein X and Y together are
—O or—S;and Z is —OR', —SR', —NR'R", —N(OR")R",
or —N(SRHR".
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14. The method of claim 13, wherein R, R,, R4, R/, Rg, Ry,
R;;s Riss Riuy Ry5, and R ¢ are hydrogen; R, R 5, and R,,
are alkyl; n is 0; and A is alkylene.

15. The method of claim 14, wherein R is hydrogen; and
R; and R are hydroxy.

16. The method of claim 15, wherein R is beta-hydrogen;
and R; and R are alpha-hydroxy.

17. The method of claim 13, wherein Ry is hydrogen; and
R, and R, are hydroxy.

18. The method of claim 17, wherein R is beta-hydrogen;
and R, and R are alpha-hydroxy.

19. The method of claim 1, wherein the compound is

CHj; |

HO\\“‘“

Ol

H

20. The method of claim 1, wherein the compound is
OH

H,C
CFs.
CHj, FiC }

CH;

HO‘\“‘"

Ol

H

21. The method of claim 1, wherein the disorder is a vas-
cular disorder or a neurodegenerative disorder.

22. The method of claim 21, wherein the disorder is ath-
erosclerosis, senile cognitive impairment, or dementia.

23. The method of claim 21, wherein the disorder is Alzhe-
imer’s disease.

24. A compound of formula (I):

@
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wherein

R, R, R, Ry R, R, R, Ry 1, Ry 5, Ry5, Ry, and R, are
independently hydrogen, halo, alkyl, haloalkyl,
hydroxy, amino, carboxyl, oxo, sulfonic acid, or alkyl
that is optionally substituted at one or more positions
with —NH—, —N(alkyl)-, —O—, —S—, —SO—,
—S0,—, —0—S80,—, —S0,—0—, —S0;—0—,
—CO—, —CO—0—, —0—CO—, —CO—NR"—,
or —NR'—CO—;

Rs, Rg, R, R;5, and R, are independently hydrogen,
halo, alkyl, haloalkyl, hydroxyalkyl, alkoxy, hydroxy, or
amino;

nis 0, 1, or 2;

A is alkylene, alkenylene, or alkynylene;

X, Y, and Z are independently alkyl, haloalkyl, —OR',
—SR',—NR'R", —N(OR"R", or —N(SR")R"; or X and
Y together are —O, —S, or —NR'; and

R'and R" are independently hydrogen, alkyl, or haloalkyl;

or a salt, an ester, an amide, an enantiomer, an isomer, a
tautomer, a polymorph, a prodrug, or a derivative
thereof.

25. The compound of claim 24, wherein Ry is beta-hydro-

gen; R, and R are alpha-hydroxy; n is 0; and A is alkylene.

26. The compound of claim 24, wherein X, Y, and Z are

alkyl, haloalkyl, —OR', or —SR"; or X and Y together are
—Oor —S§, and Zis —OR', —SR', —NR'R", —N(OR"R",
or —N(SR")R".

27. The compound of claim 24, wherein the compound is

H;C O
CHj; |

CH;

HO‘\“‘"

Ol
jus)

28. The compound of claim 24, wherein the compound is

CF;.

OH

29. A pharmaceutical composition comprising a therapeu-
tically-effective amount of a compound, the compound
selected from compounds of formula (1)
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wherein

R;,R5, Ry, R\ R R, R R LR 5, Ry 5, Ry, and R, are
independently hydrogen, halo, alkyl, haloalkyl,
hydroxy, amino, carboxyl, oxo, sulfonic acid, or alkyl
that is optionally substituted at one or more positions
with —NH—, —N(alkyl)-, —O—, —S—, —SO—,
—S0,—, —0—S80,—, —S0,—0—, —SO;—0—,
—CO—, —CO—0—, —0—CO—, —CO—NR'—,
or —NR'—CO—;

Rg, Rg, Ry, Ry5, and R, are independently hydrogen,
halo, alkyl, haloalkyl, hydroxyalkyl, alkoxy, hydroxy, or
amino;

nis0, 1, or2;

A is alkylene, alkenylene, or alkynylene;

X, Y, and Z are independently alkyl, haloalkyl, —OR’,
—SR',—NR'R", —N(OR"R", or —N(SR")R"; or X and
Y together are —O, —S, or —NR'; and

R'and R" are independently hydrogen, alkyl, or haloalkyl;

or a salt, an ester, an amide, an enantiomer, an isomer, a
tautomer, a polymorph a prodrug, or a derivative thereof.

30. The composition of claim 29, wherein Ry is beta-hy-
drogen; R; and R, are alpha-hydroxy; n is 0; and A is alky-
lene.

31. The composition of claim 29, wherein X, Y, and Z are
alkyl, haloalkyl, —OR', or —SR"; or X and Y together are
—O or—S, and 7 is —OR', —SR', —NR'R", —N(OR")R",
or —N(SR")R".

32. The composition of claim 29, wherein the compound is

H;C O
CHj; |

HO‘\“‘“
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33. The composition of claim 29, wherein the compound is

OH

H,C
CFs.
CHj; F;C }

CH;

HO\“\“.

(@] 11T

H

34. The composition of claim 29, wherein the composition
is a dosage form.

35. The composition of claim 34, wherein the dosage form
is selected from the group consisting of tablet, soft gelatin
capsule, hard gelatin capsule, suspension tablet, effervescent
tablet, powder, effervescent powder, chewable tablet, solu-
tion, suspension, emulsion, cream, gel, patch, and supposi-
tory.

36. The composition of claim 34, wherein the dosage form
is a tablet.

37. The composition of claim 34, wherein the dosage form
is a soft gelatin capsule.

38. The composition of claim 34, wherein the dosage form
is a hard gelatin capsule.

39. The composition of claim 34, wherein the dosage form
is a suspension tablet.

40. The composition of claim 34, wherein the dosage form
is an effervescent tablet.

41. The composition of claim 34, wherein the dosage form
is a powder.

42. The composition of claim 34, wherein the dosage form
is an effervescent powder.

43. The composition of claim 34, wherein the dosage form
is a chewable tablet.

44. The composition of claim 34, wherein the dosage form
is a solution.

45. The composition of claim 34, wherein the dosage form
is a suspension.

46. The composition of claim 34, wherein the dosage form
is an emulsion.

47. The composition of claim 34, wherein the dosage form
is a cream.

48. The composition of claim 34, wherein the dosage form
is a gel.

49. The composition of claim 34, wherein the dosage form
is a patch.

50. The composition of claim 34, wherein the dosage form
is a suppository.

51. The composition of claim 34, further comprising a
pharmaceutically acceptable excipient.

52. The composition of claim 51, wherein the pharmaceu-
tically acceptable excipient comprises a binder, a disinte-
grant, a filler, a surfactant, a solubilizer, a stabilizer, a lubri-
cant, a wetting agent, a diluent, a anti-adherent, a glidant, or
a pharmaceutically compatible carrier.

53. A method for activating a liver X receptor alpha in a
subject, comprising administering a compound of claim 24 to
the subject.
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54. The method of claim 53, wherein the compound is

I

C o)
CH;

CH;

e

HOY

Ol

H

55. The method of claim 53, wherein the compound is

OH

CF;.
CH; F3C

CH;

HO‘\““‘

Ol
s

56. A method for activating a liver X receptor alpha in a
subject, comprising administering a compound of claim 24 to
the subject, wherein the activity of the compound does not
result in significant toxic side effects in the subject.

57. The method of claim 56, wherein the compound is

I

C o)
CH;

CH;

W

HO

Ol
s

58. The method of claim 56, wherein the compound is

OH

CF;.
CH; F3C

CH;

HO‘\““‘
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59. The method of claim 56, which is used to treat a disease 62. A method of treating a disease or disorder where treat-
or disorder related to high blood serum concentration of cho- ment with a liver X receptor alpha agonist is indicated, the
lesterol in a subject. method comprises orally administering the composition of
60. The method of claim 56, wherein the disease or disor- claim 29 to a subject in need of such treatment.

der is a vascular disorder, or a neurodegenerative disorder.
61. The method of claim 56, wherein the liver X receptor
alpha is selectively activated. ok ow R



