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Description

FIELD OF THE PRESENT APPLICATION

[0001] The present application relates to compositions of selenoorganic compositions
and compounds and methods for their use to replace insulin, enhance insulin activity,
inhibit glucose production, or modulate glucose metabolism in various biological
pathways.

BACKGROUND

[0002] Selenium (Se) is an essential trace element that plays a critical role in many
biological processes, such as reproduction, thyroid hormone metabolism, DNA syn-
thesis and protection from oxidative damage and infection. Selenium is incorporated
at the catalytic site of various selenium dependent enzymes such as glutathione pe-
roxidase (GPx), thioredoxin reductases and one methionine-sulfoxidereductase.
These selenoenzymes contribute to regulation of metabolic activity, immune function,
antioxidant defense, intracellular redox regulation and mitochondrial function.

[0003] In addition, results in the literature indicate that different chemical forms of
selenium have different bioactivities. For example, a selenozolidine was more effec-
tive at reducing the number of lung tumors than selenomethionine. (Poerschke et al,
J Biochem Molecular Toxicology 2012 26:344). Barger et al. showed that mice fed
different sources of selenium, for example, selenium methionine, sodium selenite and
selenized yeast, had differential effects on gene expression and on specific functional
pathways of mitochondrial structure and function. (Barger et al, Genes and Nutrition
2012 7:155). Selenized yeast contains many selenium and sulfur compounds but not
all of the selenium compounds in selenized yeast impact biological processes. In ad-
dition, a mixture of selenium and sulfur compounds in selenized yeast have been
shown to be inhibitory to each other, to negatively impact biological processes, or be
toxic to cells.

[0004] Noninsulin-Dependent (Type Il) Diabetes Mellitus (DM) is a disease character-
ized by insulin resistance in skeletal muscle, liver and fat, combined with defects in
insulin secretion due to pancreatic B-cell function. Insulin resistance is a central fea-
ture of Type Il diabetes. In liver, members of the Forkhead Box Class O (FOXO)
gene transcription factor family become activated in their unphosphorylated state and
they reside in the cell nucleus. In the nucleus, FOXO transcription factors bind to the
promoter region of genes, such as Glucose 6-Phosphatase (G6PC). Together with
other transcription factors, such as PGC-1a, increased transcription of G6PC occurs,
thereby increasing the rate of glucose production. Glucose 6-phosphatase also cata-
lyzes the last step in gluconeogenesis and glycogenolysis causing the release of glu-
cose from the liver. Therefore, GBPC is important in the control of glucose homeosta-
sis, particularly in diabetic subjects.

[0005] The apparent difference in bioactivity and availability of distinct chemical
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forms of selenium requires identification of compounds containing selenium that posi-
tively impact biological processes. In particular, there is a need to characterize the
effects of selenium in insulin replacement, enhanced insulin activity, inhibition of glu-
cose production, or modulation of glucose metabolism in various biological pathways.
Further, there is a need to determine the effect of selenium compounds and their effi-
cacy as insulin replacement therapies for individuals suffering from Type | or Type |l
diabetes.

[0006] WO-A-2014/144776 relates to compositions comprising selenium and meth-
ods of using the same to treat mitochondrial dysfunction.

SUMMARY OF THE INVENTION

[0007] The present disclosure provides a composition comprising at least three dif-
ferent compounds selected from the group consisting of 5'-Methylselenoadenosine,
Se-Adenosy1-L-homocysteine, Gamma-glutamyl-methylseleno-cysteine,

a compound according to Formula (l):

Ry

N2
N
Rg\(/
R, NIQN
“se o N?/
Ré Rs
@
O 0]
| |
Rs Ry

or a pharmaceutically acceptable salt, hydrate, or prodrug thereof, wherein
R1is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR', wherein R' is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl, or heter-
ocyclyl; or R1 together with Rz form a heterocyclic ring having 4 to 8 ring
members with at least one heteroatom selected from oxygen or nitrogen;

Rz is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR', wherein R' is selected from alkyl, cycloalkyl, aryl, aralkyl, or hetero-
cyclyl; or R1 together with R2 form a heterocyclic ring having 4 to 8 ring mem-
bers with at least one heteroatom selected from oxygen or nitrogen;

Rs is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, carboxyl, or C-amido; or
Rs together with R4 and the atoms to which they are attached form a heterocy-
clic ring having 4 to 8 ring members with at least one heteroatom selected
from oxygen or nitrogen;

R4 is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, carboxyl, or C-amido; or
Rs together with R4 and the atoms to which they are attached form a heterocy-
clic ring having 4 to 8 ring members with at least one heteroatom selected
from oxygen or nitrogen;

Rs is oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR', or is absent, wherein R' is se-
lected from alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or aralkyl;

Rs is oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR', or is absent, wherein R' is se-
lected from alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or aralkyl;

Rz is a C3-C1s alkyl, wherein the C3-C1s alkyl is not a substituted alkyl having
both a carboxyl group and an amino group, alkenyl, alkynyl, ketone, amino al-
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cohol, amino acid selected from the group consisting of arginine, histidine, ly-
sine, aspartic acid, glutamic acid, serine, threonine, asparagine, glutamine,
cysteine, selenocysteine, glycine, proline, alanine, valine, isoleucine, leucine,
methionine, phenylalanine, tyrosine, and tryptophan, OR', Se-R', S- R', where-
in R' for OR' is selected from the group consisting of H, alkyl, cycloalkyl, aryl,
aralkyl, and heterocyclyl, where R' for Se-R' is selected from the group con-
sisting of H, C3-C16 alkyl, cycloalkyl, aryl, aralkyl, and heterocyclyl, wherein R'
for S-R' is selected from the group consisting of H, C3-C1s alkyl, cycloalkyl, ar-
yl, aralkyl, and heterocyclyl; and

Rs is hydrogen, azido, alkyl, alkenyl, alkynyl;

a compound according to Formula (ll):

R4

\ R
R9 N N/
R
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| | 1y)

R3 R4

or a pharmaceutically acceptable salt, hydrate, or prodrug thereof, wherein
R1is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR', wherein R' is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl, or heter-
ocyclyl; or R1 together with Rz form a heterocyclic ring having 4 to 8 ring
members with at least one heteroatom selected from oxygen or nitrogen;

Rz is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR', wherein R' is selected from alkyl, cycloalkyl, aryl, aralkyl, or hetero-
cyclyl; or R1 together with R2 form a heterocyclic ring having 4 to 8 ring mem-
bers with at least one heteroatom selected from oxygen or nitrogen;

Rs is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, carboxyl, or C-amido; or
Rs together with R4 and the atoms to which they are attached form a heterocy-
clic ring having 4 to 8 ring members with at least one heteroatom selected
from oxygen or nitrogen;

R4 is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, carboxyl, or C-amido; or
Rs together with R4 and the atoms to which they are attached form a heterocy-
clic ring having 4 to 8 ring members with at least one heteroatom selected
from oxygen or nitrogen;

Rs is oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR', or is absent; wherein R' is se-
lected from alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or aralkyl;

Rs is oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR', or is absent, wherein R' is se-
lected from alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or aralkyl;

Rs is hydrogen, azido, alkyl, alkenyl, alkynyl;

Ro is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR', where R' is alkyl, cycloalkyl, aryl, aralkyl, or heterocyclyl; or

Ro together with R1o form a heterocyclic ring having 4 to 8 ring members with
at least one heteroatom selected from oxygen or nitrogen;

R1o is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR', where R' is selected from alkyl, cycloalkyl, aryl, aralkyl, or heterocy-
clyl; or Re together with R1o form a heterocyclic ring having 4 to 8 ring mem-
bers with at least one heteroatom selected from oxygen or nitrogen; and
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R11is OR, alkoxy, aralkoxy, or amino, where R is selected from alkyl, cycloal-
kyl, aryl, aralkyl, heterocyclyl, or a pharmaceutically acceptable salt, or inner
salt; a compound according to Formula (lll):

Q
Rs
Rq\
/Ni\n/ﬂ S,RT

Ra 9 /e\Rs

;3 ofs

R4
or a pharmaceutically acceptable salt, hydrate, or prodrug thereof, wherein
R1is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR', wherein R' is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl, or heter-
ocyclyl; or R1 together with Rz form a heterocyclic ring having 4 to 8 ring
members with at least one heteroatom selected from oxygen or nitrogen;
Rz is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR', wherein R' is selected from alkyl, cycloalkyl, aryl, aralkyl, or hetero-
cyclyl; or R1 together with R2 form a heterocyclic ring having 4 to 8 ring mem-
bers with at least one heteroatom selected from oxygen or nitrogen;
Rs3 is OH, OR, alkoxy, aralkoxy, or amino, where R is selected from alkyl, cy-
cloalkyl, aryl, aralkyl, heterocyclyl, or a pharmaceutically acceptable salt, or in-
ner salt;
R4 is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl, heterocyclyl, or a pharma-
ceutically acceptable salt, or inner salt;
Rs is oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR', or is absent; wherein R' is se-
lected from alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or aralkyl;
Rs is oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR', or is absent; wherein R' is se-
lected from alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or aralkyl; and
Rz is a C3-C1s alkyl, wherein the C3-C1s alkyl is not a substituted alkyl having
both a carboxyl group and an amino group, alkenyl, alkynyl, ketone, amino al-
cohol, amino acid selected from the group consisting of arginine, histidine, ly-
sine, aspartic acid, glutamic acid, serine, threonine, asparagine, glutamine,
cysteine, selenocysteine, glycine, proline, alanine, valine, isoleucine, leucine,
methionine, phenylalanine, tyrosine, and tryptophan, OR', Se-R', S- R', where-
in R' for OR' is selected from the group consisting of H, alkyl, cycloalkyl, aryl,
aralkyl, and heterocyclyl, where R' for Se-R' is selected from the group con-
sisting of H, C3-C16 alkyl, cycloalkyl, aryl, aralkyl, and heterocyclyl, wherein R'
for S-R' is selected from the group consisting of H, C3-C1s alkyl, cycloalkyl, ar-
yl, aralkyl, and heterocyclyl; and combinations thereof; and a carrier for use in
a method of replacing insulin in a subject comprising: administering the com-
position to the subject; wherein the composition contains at least about
0.033% (w/v) of each of the at least three different compounds.

[0008] The present disclosure also provides a composition comprising at least three
different compounds selected from the group consisting of 5'-
Methylselenoadenosine, Se-Adenosyl-L-homocysteine, Gamma-glutamyl-
methylseleno-cysteine,
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a compound according to Formula (l):
Ry
— Rz

or a pharmaceutically acceptable salt, hydrate, or prodrug thereof, wherein
R1is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR', wherein R' is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl, or heter-
ocyclyl; or R1 together with Rz form a heterocyclic ring having 4 to 8 ring
members with at least one heteroatom selected from oxygen or nitrogen;

Rz is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR', wherein R' is selected from alkyl, cycloalkyl, aryl, aralkyl, or hetero-
cyclyl; or R1 together with R2 form a heterocyclic ring having 4 to 8 ring mem-
bers with at least one heteroatom selected from oxygen or nitrogen;

Rs is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, carboxyl, or C-amido; or
Rs together with R4 and the atoms to which they are attached form a heterocy-
clic ring having 4 to 8 ring members with at least one heteroatom selected
from oxygen or nitrogen;

R4 is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, carboxyl, or C-amido; or
Rs together with R4 and the atoms to which they are attached form a heterocy-
clic ring having 4 to 8 ring members with at least one heteroatom selected
from oxygen or nitrogen;

Rs is oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR', or is absent, wherein R' is se-
lected from alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or aralkyl;

Rs is oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR', or is absent, wherein R' is se-
lected from alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or aralkyl;

Rz is a C3-C1s alkyl, wherein the C3-C1s alkyl is not a substituted alkyl having
both a carboxyl group and an amino group, alkenyl, alkynyl, ketone, amino al-
cohol, amino acid selected from the group consisting of arginine, histidine, ly-
sine, aspartic acid, glutamic acid, serine, threonine, asparagine, glutamine,
cysteine, selenocysteine, glycine, proline, alanine, valine, isoleucine, leucine,
methionine, phenylalanine, tyrosine, and tryptophan, OR', Se-R', S- R', where-
in R' for OR' is selected from the group consisting of H, alkyl, cycloalkyl, aryl,
aralkyl, and heterocyclyl, where R' for Se-R' is selected from the group con-
sisting of H, C3-C16 alkyl, cycloalkyl, aryl, aralkyl, and heterocyclyl, wherein R'
for S-R' is selected from the group consisting of H, C3-C1s alkyl, cycloalkyl, ar-
yl, aralkyl, and heterocyclyl; and

Rs is hydrogen, azido, alkyl, alkenyl, alkynyl;
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a compound according to Formula (ll):
R4

\ R
| "
Rig R
. H ‘\N/ 8\(/ / Ny
11
WSG o N _/
7\

(e} (o]

| ] @

Ry Ra
or a pharmaceutically acceptable salt, hydrate, or prodrug thereof, wherein
R1is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR', wherein R' is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl, or heter-
ocyclyl; or R1 together with Rz form a heterocyclic ring having 4 to 8 ring
members with at least one heteroatom selected from oxygen or nitrogen;
Rz is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR', wherein R' is selected from alkyl, cycloalkyl, aryl, aralkyl, or hetero-
cyclyl; or R1 together with R2 form a heterocyclic ring having 4 to 8 ring mem-
bers with at least one heteroatom selected from oxygen or nitrogen;
Rs is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, carboxyl, or C-amido; or
Rs together with R4 and the atoms to which they are attached form a heterocy-
clic ring having 4 to 8 ring members with at least one heteroatom selected
from oxygen or nitrogen;
R4 is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, carboxyl, or C-amido; or
Rs together with R4 and the atoms to which they are attached form a heterocy-
clic ring having 4 to 8 ring members with at least one heteroatom selected
from oxygen or nitrogen;
Rs is oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR', or is absent, wherein R' is se-
lected from alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or aralkyl;
Rs is oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR', or is absent, wherein R' is se-
lected from alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or aralkyl;
Rs is hydrogen, azido, alkyl, alkenyl, alkynyl;
Ro is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR', where R' is alkyl, cycloalkyl, aryl, aralkyl, or heterocyclyl; or
Ro together with R1o form a heterocyclic ring having 4 to 8 ring members with
at least one heteroatom selected from oxygen or nitrogen;
R1o is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR', where R' is selected from alkyl, cycloalkyl, aryl, aralkyl, or heterocy-
clyl; or Re together with R1o form a heterocyclic ring having 4 to 8 ring mem-
bers with at least one heteroatom selected from oxygen or nitrogen; and
R11is OR, alkoxy, aralkoxy, or amino, where R is selected from alkyl, cycloal-
kyl, aryl, aralkyl, heterocyclyl, or a pharmaceutically acceptable salt, or inner
salt;
a compound according to Formula (lll):

Rs
R,
N H ?
/ N sén
~

Ry 0 |/ Rs
;3 o am
Re
or a pharmaceutically acceptable salt, hydrate, or prodrug thereof, wherein
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R1is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR', wherein R' is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl, or heter-
ocyclyl; or R1 together with Rz form a heterocyclic ring having 4 to 8 ring
members with at least one heteroatom selected from oxygen or nitrogen;

Rz is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR', wherein R' is selected from alkyl, cycloalkyl, aryl, aralkyl, or hetero-
cyclyl; or R1 together with R2 form a heterocyclic ring having 4 to 8 ring mem-
bers with at least one heteroatom selected from oxygen or nitrogen;

Rs3 is OH, OR, alkoxy, aralkoxy, or amino, where R is selected from alkyl, cy-
cloalkyl, aryl, aralkyl, heterocyclyl, or a pharmaceutically acceptable salt, or in-
ner salt;

R4 is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl, heterocyclyl, or a pharma-
ceutically acceptable salt, or inner salt;

Rs is oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR', or is absent; wherein R' is se-
lected from alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or aralkyl;

Rs is oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR', or is absent, wherein R' is se-
lected from alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or aralkyl; and

Rz is a C3-C1s alkyl, wherein the C3-C1s alkyl is not a substituted alkyl having
both a carboxyl group and an amino group, alkenyl, alkynyl, ketone, amino al-
cohol, amino acid selected from the group consisting of arginine, histidine, ly-
sine, aspartic acid, glutamic acid, serine, threonine, asparagine, glutamine,
cysteine, selenocysteine, glycine, proline, alanine, valine, isoleucine, leucine,
methionine, phenylalanine, tyrosine, and tryptophan, OR', Se-R', S- R', where-
in R' for OR' is selected from the group consisting of H, alkyl, cycloalkyl, aryl,
aralkyl, and heterocyclyl, where R' for Se-R' is selected from the group con-
sisting of H, C3-C16 alkyl, cycloalkyl, aryl, aralkyl, and heterocyclyl, wherein R'
for S-R' is selected from the group consisting of H, C3-C1s alkyl, cycloalkyl, ar-
yl, aralkyl, and heterocyclyl; and combinations thereof; and a carrier for use in
a method of enhancing insulin activity in a subject comprising: administering
the composition to the subject; wherein the composition contains at least
about 0.033% (w/v) of each of the at least three different compounds. The
method of enhancing insulin activity may further comprise administering insulin
or an analog or derivative thereof.

[0009] The present disclosure further provides a composition comprising at least
three different compounds selected from the group consisting of 5'-
Methylselenoadenosine, Se-Adenosyl-L-homocysteine, Gamma-glutamyl-
methylseleno-cysteine,

a compound according to Formula (l):

R;
\N/R2
N
O
s _a—
7\Se 0. N’/J
/
Rs 9
M
O o}

Rs Ry
or a pharmaceutically acceptable salt, hydrate, or prodrug thereof, wherein
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R1is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR', wherein R' is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl, or heter-
ocyclyl; or R1 together with Rz form a heterocyclic ring having 4 to 8 ring
members with at least one heteroatom selected from oxygen or nitrogen;
Rz is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR', wherein R' is selected from alkyl, cycloalkyl, aryl, aralkyl, or hetero-
cyclyl; or R1 together with R2 form a heterocyclic ring having 4 to 8 ring mem-
bers with at least one heteroatom selected from oxygen or nitrogen;
Rs is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, carboxyl, or C-amido; or
Rs together with R4 and the atoms to which they are attached form a heterocy-
clic ring having 4 to 8 ring members with at least one heteroatom selected
from oxygen or nitrogen;
R4 is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, carboxyl, or C-amido; or
Rs together with R4 and the atoms to which they are attached form a heterocy-
clic ring having 4 to 8 ring members with at least one heteroatom selected
from oxygen or nitrogen;
Rs is oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR', or is absent, wherein R' is se-
lected from alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or aralkyl;
Rs is oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR', or is absent, wherein R' is se-
lected from alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or aralkyl;
Rz is a C3-C1s alkyl, wherein the C3-C1s alkyl is not a substituted alkyl having
both a carboxyl group and an amino group, alkenyl, alkynyl, ketone, amino al-
cohol, amino acid selected from the group consisting of arginine, histidine, ly-
sine, aspartic acid, glutamic acid, serine, threonine, asparagine, glutamine,
cysteine, selenocysteine, glycine, proline, alanine, valine, isoleucine, leucine,
methionine, phenylalanine, tyrosine, and tryptophan, OR', Se-R', S- R', where-
in R' for OR' is selected from the group consisting of H, alkyl, cycloalkyl, aryl,
aralkyl, and heterocyclyl, where R' for Se-R' is selected from the group con-
sisting of H, C3-C16 alkyl, cycloalkyl, aryl, aralkyl, and heterocyclyl, wherein R'
for S-R' is selected from the group consisting of H, C3-C1s alkyl, cycloalkyl, ar-
yl, aralkyl, and heterocyclyl; and
Rs is hydrogen, azido, alkyl, alkenyl, alkynyl;
a compound according to Formula (ll):

R

1

2
| -~
Rio R N
- H .\N/ =~ / \N
11
WSE o -/
o) Rs/ \Re
(o] (o]
| | a
R; R4

or a pharmaceutically acceptable salt, hydrate, or prodrug thereof, wherein
R1is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR', wherein R' is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl, or heter-
ocyclyl; or R1 together with Rz form a heterocyclic ring having 4 to 8 ring
members with at least one heteroatom selected from oxygen or nitrogen;

Rz is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR', wherein R' is selected from alkyl, cycloalkyl, aryl, aralkyl, or hetero-
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cyclyl; or R1 together with R2 form a heterocyclic ring having 4 to 8 ring mem-
bers with at least one heteroatom selected from oxygen or nitrogen;

Rs is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, carboxyl, or C-amido; or
Rs together with R4 and the atoms to which they are attached form a heterocy-
clic ring having 4 to 8 ring members with at least one heteroatom selected
from oxygen or nitrogen;

R4 is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, carboxyl, or C-amido; or
Rs together with R4 and the atoms to which they are attached form a heterocy-
clic ring having 4 to 8 ring members with at least one heteroatom selected
from oxygen or nitrogen;

Rs is oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR', or is absent, wherein R' is se-
lected from alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or aralkyl;

Rs is oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR', or is absent, wherein R' is se-
lected from alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or aralkyl;

Rs is hydrogen, azido, alkyl, alkenyl, alkynyl;

Ro is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR', where R' is alkyl, cycloalkyl, aryl, aralkyl, or heterocyclyl; or

Ro together with R1o form a heterocyclic ring having 4 to 8 ring members with
at least one heteroatom selected from oxygen or nitrogen;

R1o is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR', where R' is selected from alkyl, cycloalkyl, aryl, aralkyl, or heterocy-
clyl; or Re together with R1o form a heterocyclic ring having 4 to 8 ring mem-
bers with at least one heteroatom selected from oxygen or nitrogen; and

R11is OR, alkoxy, aralkoxy, or amino, where R is selected from alkyl, cycloal-
kyl, aryl, aralkyl, heterocyclyl, or a pharmaceutically acceptable salt, or inner
salt;

a compound according to Formula (lll):

Rs
Rq\
/Ni\n/ﬂ S,RT

Ra 9] /e\Rs

;3 ofs

R4
or a pharmaceutically acceptable salt, hydrate, or prodrug thereof, wherein
R1is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR', wherein R' is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl, or heter-
ocyclyl; or R1 together with Rz form a heterocyclic ring having 4 to 8 ring
members with at least one heteroatom selected from oxygen or nitrogen;
Rz is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR', wherein R' is selected from alkyl, cycloalkyl, aryl, aralkyl, or hetero-
cyclyl; or R1 together with R2 form a heterocyclic ring having 4 to 8 ring mem-
bers with at least one heteroatom selected from oxygen or nitrogen;
Rs3 is OH, OR, alkoxy, aralkoxy, or amino, where R is selected from alkyl, cy-
cloalkyl, aryl, aralkyl, heterocyclyl, or a pharmaceutically acceptable salt, or in-
ner salt;
R4 is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl, heterocyclyl, or a pharma-
ceutically acceptable salt, or inner salt;
Rs is oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR', or is absent; wherein R' is se-
lected from alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or aralkyl;
Rs is oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR', or is absent, wherein R' is se-
lected from alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or aralkyl; and
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Rz is a C3-C1s alkyl, wherein the C3-C1s alkyl is not a substituted alkyl having
both a carboxyl group and an amino group, alkenyl, alkynyl, ketone, amino al-
cohol, amino acid selected from the group consisting of arginine, histidine, ly-
sine, aspartic acid, glutamic acid, serine, threonine, asparagine, glutamine,
cysteine, selenocysteine, glycine, proline, alanine, valine, isoleucine, leucine,
methionine, phenylalanine, tyrosine, and tryptophan, OR', Se-R', S- R', where-
in R' for OR' is selected from the group consisting of H, alkyl, cycloalkyl, aryl,
aralkyl, and heterocyclyl, where R' for Se-R' is selected from the group con-
sisting of H, C3-C16 alkyl, cycloalkyl, aryl, aralkyl, and heterocyclyl, wherein R'
for S-R' is selected from the group consisting of H, C3-C1s alkyl, cycloalkyl, ar-
yl, aralkyl, and heterocyclyl; and combinations thereof; and a carrier for use in
a method of inhibiting glucose production in a subject comprising: administer-
ing the composition to the subject; wherein the composition contains at least
about 0.033% (w/v) of each of the at least three different compounds.

[0010] The present disclosure further provides a composition comprising at least
three different compounds selected from the group consisting of 5'-
Methylselenoadenosine, Se-Adenosyl-L-homocysteine, Gamma-glutamyl-
methylseleno-cysteine,

a compound according to Formula (l):

R;

\

N/Rz

Ra Ry
or a pharmaceutically acceptable salt, hydrate, or prodrug thereof, wherein
R1is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR', wherein R' is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl, or heter-
ocyclyl; or R1 together with Rz form a heterocyclic ring having 4 to 8 ring
members with at least one heteroatom selected from oxygen or nitrogen;
Rz is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR', wherein R' is selected from alkyl, cycloalkyl, aryl, aralkyl, or hetero-
cyclyl; or R1 together with R2 form a heterocyclic ring having 4 to 8 ring mem-
bers with at least one heteroatom selected from oxygen or nitrogen;
Rs is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, carboxyl, or C-amido; or
Rs together with R4 and the atoms to which they are attached form a heterocy-
clic ring having 4 to 8 ring members with at least one heteroatom selected
from oxygen or nitrogen;
R4 is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, carboxyl, or C-amido; or
Rs together with R4 and the atoms to which they are attached form a heterocy-
clic ring having 4 to 8 ring members with at least one heteroatom selected
from oxygen or nitrogen;
Rs is oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR', or is absent; wherein R' is se-
lected from alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or aralkyl;
Rs is oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR', or is absent; wherein R' is se-
lected from alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or aralkyl;
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Rz is a C3-C1s alkyl, wherein the C3-C1s alkyl is not a substituted alkyl having
both a carboxyl group and an amino group, alkenyl, alkynyl, ketone, amino al-
cohol, amino acid selected from the group consisting of arginine, histidine, ly-
sine, aspartic acid, glutamic acid, serine, threonine, asparagine, glutamine,
cysteine, selenocysteine, glycine, proline, alanine, valine, isoleucine, leucine,
methionine, phenylalanine, tyrosine, and tryptophan, OR', Se-R', S- R', where-
in R' for OR' is selected from the group consisting of H, alkyl, cycloalkyl, aryl,
aralkyl, and heterocyclyl, where R' for Se-R' is selected from the group con-
sisting of H, C3-C16 alkyl, cycloalkyl, aryl, aralkyl, and heterocyclyl, wherein R'
for S-R' is selected from the group consisting of H, C3-C1s alkyl, cycloalkyl, ar-
yl, aralkyl, and heterocyclyl; and
Rs is hydrogen, azido, alkyl, alkenyl, alkynyl;
a compound according to Formula (ll):

R

1

\ R
| o
Rig R
7~
. He 8\(/ / \N
11
W& o _/
o RS/ \Re
(@] (e}
| | am
Ry R

or a pharmaceutically acceptable salt, hydrate, or prodrug thereof, wherein
R1is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR', wherein R' is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl, or heter-
ocyclyl; or R1 together with Rz form a heterocyclic ring having 4 to 8 ring
members with at least one heteroatom selected from oxygen or nitrogen;

Rz is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR', wherein R' is selected from alkyl, cycloalkyl, aryl, aralkyl, or hetero-
cyclyl; or R1 together with R2 form a heterocyclic ring having 4 to 8 ring mem-
bers with at least one heteroatom selected from oxygen or nitrogen;

Rs is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, carboxyl, or C-amido; or
Rs together with R4 and the atoms to which they are attached form a heterocy-
clic ring having 4 to 8 ring members with at least one heteroatom selected
from oxygen or nitrogen;

R4 is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, carboxyl, or C-amido; or
Rs together with R4 and the atoms to which they are attached form a heterocy-
clic ring having 4 to 8 ring members with at least one heteroatom selected
from oxygen or nitrogen;

Rs is oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR', or is absent, wherein R' is se-
lected from alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or aralkyl;

Rs is oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR', or is absent; wherein R' is se-
lected from alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or aralkyl;

Rs is hydrogen, azido, alkyl, alkenyl, alkynyl;

Ro is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR', where R' is alkyl, cycloalkyl, aryl, aralkyl, or heterocyclyl; or

Ro together with R1o form a heterocyclic ring having 4 to 8 ring members with
at least one heteroatom selected from oxygen or nitrogen;

R1o is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR', where R' is selected from alkyl, cycloalkyl, aryl, aralkyl, or heterocy-
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clyl; or Re together with R1o form a heterocyclic ring having 4 to 8 ring mem-
bers with at least one heteroatom selected from oxygen or nitrogen; and
R11is OR, alkoxy, aralkoxy, or amino, where R is selected from alkyl, cycloal-
kyl, aryl, aralkyl, heterocyclyl, or a pharmaceutically acceptable salt, or inner
salt;

a compound according to Formula (lll):

R3
Ri
/N %H /R7
Se

Ry o /| Rs

/0 oRs

R4
or a pharmaceutically acceptable salt, hydrate, or prodrug thereof, wherein
R1is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR', wherein R' is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl, or heter-
ocyclyl; or R1 together with Rz form a heterocyclic ring having 4 to 8 ring
members with at least one heteroatom selected from oxygen or nitrogen;
Rz is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR', wherein R' is selected from alkyl, cycloalkyl, aryl, aralkyl, or hetero-
cyclyl; or R1 together with R2 form a heterocyclic ring having 4 to 8 ring mem-
bers with at least one heteroatom selected from oxygen or nitrogen;
Rs3 is OH, OR, alkoxy, aralkoxy, or amino, where R is selected from alkyl, cy-
cloalkyl, aryl, aralkyl, heterocyclyl, or a pharmaceutically acceptable salt, or in-
ner salt;
R4 is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl, heterocyclyl, or a pharma-
ceutically acceptable salt, or inner salt;
Rs is oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR', or is absent, wherein R' is se-
lected from alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or aralkyl;
Rs is oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR', or is absent, wherein R' is se-
lected from alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or aralkyl; and
Rz is a C3-C1s alkyl, wherein the C3-C1s alkyl is not a substituted alkyl having
both a carboxyl group and an amino group, alkenyl, alkynyl, ketone, amino al-
cohol, amino acid selected from the group consisting of arginine, histidine, ly-
sine, aspartic acid, glutamic acid, serine, threonine, asparagine, glutamine,
cysteine, selenocysteine, glycine, proline, alanine, valine, isoleucine, leucine,
methionine, phenylalanine, tyrosine, and tryptophan, OR', Se-R', S- R', where-
in R' for OR' is selected from the group consisting of H, alkyl, cycloalkyl, aryl,
aralkyl, and heterocyclyl, where R' for Se-R' is selected from the group con-
sisting of H, C3-C16 alkyl, cycloalkyl, aryl, aralkyl, and heterocyclyl, wherein R'
for S-R' is selected from the group consisting of H, C3-C1s alkyl, cycloalkyl, ar-
yl, aralkyl, and heterocyclyl; and combinations thereof; and a carrier for use in
a method of modulating glucose metabolism in a subject compris-
ing:.administering the composition to the subject;.wherein the composition
contains at least about 0.033% (w/v) of each of the at least three different
compounds.

[0011] In any one of the methods of replacing insulin, enhancing insulin activity, in-
hibiting glucose production, or modulating glucose metabolism in a subject, the com-
position may comprise 5'-Methylselenoadenosine, Se-Adenosyl-L-homocysteine and
Gamma-glutamyl-methylseleno-cysteine. In any one of the methods of replacing in-
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sulin, enhancing insulin activity, inhibiting glucose production, or modulating glucose
metabolism in a subject, the composition may comprise at least 0.1% (w/v) of 5'-
Methylselenoadenosine. In any one of the methods of replacing insulin, enhancing
insulin activity, inhibiting glucose production, or modulating glucose metabolism in a
subject, the composition may be in a dried or capsular form.

[0012] In any one of the methods of replacing insulin, enhancing insulin activity, in-
hibiting glucose production, or modulating glucose metabolism in a subject, the com-
position may further comprise insulin or an analog or derivative thereof. In any one of
the methods of replacing insulin, enhancing insulin activity, inhibiting glucose produc-
tion, or modulating glucose metabolism in a subject, the composition may further
comprise an insulin sensitizer, an insulin secretagogue, or an incretin mimetic. In any
one of the methods of replacing insulin, enhancing insulin activity, inhibiting glucose
production, or modulating glucose metabolism in a subject, the composition may ex-
clude one or more of 5'-Methylthioadenosine, S-Adenosyl-L-homocysteine or Gam-
ma-glutamyl-methyl-cysteine.

[0013] In any one of the methods of replacing insulin, enhancing insulin activity, in-
hibiting glucose production, or modulating glucose metabolism in a subject, the com-
position may be administered orally. In any one of the methods of replacing insulin,
enhancing insulin activity, inhibiting glucose production, or modulating glucose me-
tabolism in a subject, the 5'-Methylselenoadenosine or the compound of Formula (1)
is a selenoglycoside. In any one of the methods of replacing insulin, enhancing insu-
lin activity, inhibiting glucose production, or modulating glucose metabolism in a sub-
ject, the composition may be administered to the liver cells of the subject.

[0014] The present disclosure further provides a composition comprising from
0.033% (w/v) to 99.9% (w/v) of at least three different compounds selected from the
group consisting of 5'-Methylselenoadenosine, Se-Adenosyl-L-homocysteine, and
Gamma-glutamyl-methylseleno-cysteine; a compound of Formula (1) as defined
above, a compound of Formula (Il) as defined above, a compound of Formula (lll) as
defined above, and a carrier.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] A brief description of the drawings is as follows. When a mixture of selenium
compounds is indicated, amount in ppb indicates the amount of ppb of selenium in
each selenium compound in the mixture. When a mixture of sulfur compounds is in-
dicated, amount in ppb indicates the amount of ppb of sulfur each sulfur compound in
the mixture. For example, 150 ppb of Compounds CDE contains 150 ppb of selenium
in Compound C, 150 ppb of selenium in Compound D, and 150 ppb of selenium in
Compound E in combination for a total selenium concentration of 450 ppb. For ex-
ample, 150 ppb of Compounds HIJ contains 150 ppb of sulfur in Compound H, 150
ppb of sulfur in Compound I, and 150 ppb of sulfur in Compound J in combination for
a total sulfur concentration of 450 ppb.

FIG. 1 is a graph showing the effect of 150 ppb of each of individual com-

pounds and various combinations of Compound C, Compound D, Compound
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E, Compound H, Compound |, and Compound J on cell viability in AML-12 liv-
er cells as indicated by OD490.

FIGS. 2A-2B show the effect of various combinations of Compound C, Com-
pound D, Compound E, Compound H, Compound | and Compound J and the
individual compounds on mRNA expression levels of the G6pc gene in AML-
12 liver cells.

FIG. 2A is a bar graph showing relative G6pc mRNA levels in AML-12 cells
treated with a control and 150 ppb Compounds CDE and Compounds HIJ for
48 hours.

FIG. 2B is a bar graph showing relative G6pc mRNA expression in AML-12
cells treated with individual Compound C, Compound D, Compound E, Com-
pound H, Compound | and Compound J for 48 hours.

FIG. 3 is a bar graph showing the effects of insulin, Compounds CDE, and
combinations of both insulin and Compounds CDE on relative G6pc mRNA
expression levels in AML-12 cells. *, P < 0.05, ** P < 0.01 when compared to
control group (without insulin and Compounds CDE treatment group).

FIG. 4 is a bar graph showing the effects of insulin, Compounds CDE, and
combinations of both insulin and Compounds CDE on relative G6pc mRNA
expression levels in AML-12 cells cotreated with 8-CPT/Dex. The inset figure
is a bar graph with a high magnification showing relative G6pc mRNA expres-
sion levels in AML-12 cells treated with water alone (control), a combination of
8-CPT/Dex and insulin, and combinations of 8-CPT/Dex, insulin, and Com-
pounds CDE.

FIGS. 5A-5D show the effect of Compounds CDE and Compounds HIJ on rel-
ative mRNA expression levels of Insrand Igflr genes in AML-12 liver cells.
FIG. 5A is a bar graph showing relative Insr mRNA expression levels in AML-
12 cells treated with 150 ppb of Compounds CDE and 150 ppb of Compounds
HIJ for 24 hours. ** P < 0.01 when compared to control (water vehicle-treated)
group.

FIG. 5B is a bar graph showing relative Igfir mMRNA expression levels in AML-
12 cells treated with 150 ppb of Compounds CDE and 150 ppb of Compounds
HIJ for 24 hours. ** P < 0.01 when compared to control (water vehicle-treated)
group.

FIG. 5C is a bar graph showing relative Insr mRNA expression levels in AML-
12 cells treated with control, 10 or 100 nM insulin, 150 ppb or 300 ppb Com-
pounds CDE, or cotreated with 8-CPT/Dex, insulin and Compounds CDE.

* P <0.05 ** P <0.01 when compared to control (no 8-
CPT/Dex/insulin/fCompounds CDE-treated) group.

FIG. 5D is a bar graph showing relative /gfr1 mRNA expression levels in AML-
12 cells treated with control, 10 or 100 nM insulin, 150 ppb or 300 ppb Com-
pounds CDE, or cotreated with 8-CPT/Dex, insulin and Compounds CDE.

* P <0.05 ** P <0.01 when compared to control (no 8-
CPT/Dex/insulin/fCompound CDE-treated) group.

FIGS. 6A-6C show the effect of Compounds CDE and Compounds HIJ on pro-
tein levels of phosphorylated Foxo3 at threonine 32 (pFoxo3T32) and phos-
phorylated Foxo4 at threonine 28 (pFoxo4T28) in AML-12 cells cultured in se-
rum-containing media.

FIG. 6A is a Western blot showing protein expression of various signaling
molecules, including pFoxo3T32 and pFoxo4T28, in response to treatment of
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AML-12 cells with a water control or 150 ppb of Compounds CDE and 150 ppb
of Compounds HIJ for 6 hours.

FIG. 6B is a bar graph showing quantitative analysis of pFoxo3T32 protein
levels in the gel of FIG. BA.

FIG. 6C is a bar graph showing quantitative analysis of pFoxo4T28 protein
levels in the gel of FIG. BA.

FIGS. 7A-7C show the effect of Compounds CDE, Compounds CE, and Com-
pounds DE on protein levels of pFoxo3T32 and pFoxo4T28 in AML-12 cells
cultured in serum-free media.

FIG. 7A is a Western blot showing protein expression of various signaling
molecules, including pFoxo3T32 and pFoxo4T28, in response to treatment of
AML-12 cells with a water control or 150 ppb of Compounds CDE, 150 ppb of
Compounds CE, and 150 ppb of Compounds DE for 6 hours.

FIG. 7B is a bar graph showing quantitative analysis of pFoxo3T32 protein
levels in the gel of FIG. 7A.

FIG. 7C is a graph showing quantitative analysis of pFoxo4T28 protein levels
in the gel of FIG. 7A.

FIG. 8 is a Western blot showing the effect of a control or 150 ppb of Com-
pounds CDE and 150 ppb of Compounds HIJ on protein levels of pFOX04T28,
pFOX04S193 and other signaling molecules in human IMR-32 neuronal cells.
FIGS. 9A-9C show the effect of Compounds CDE on glucose produc-

tion, G6pc MRNA expression, and extracellular lactate dehydrogenase (LDH)
activity in primary mouse hepatocytes.

FIG. 9A is a bar graph showing relative glucose levels in the culture media of
mouse hepatocyte cells treated with control, 8-CPT/Dex, 10 or 100 nM insulin,
150 ppb or 300 ppb Compounds CDE, and combinations of insulin and Com-
pounds CDE. * P < 0.05 vs vehicle treatment group (the first bar in the
graphs).

FIG. 9B is a bar graph showing relative G6pc mRNA levels in mouse hepato-
cyte cells treated with control, 10 or 100 nM insulin, 150 ppb or 300 ppb Com-
pounds CDE, and combinations of insulin and Compounds CDE. * P < 0.05 vs
vehicle treatment group (the first bar in the graphs).

FIG. 9C is a bar graph showing relative LDH levels in the culture media of
mouse hepatocyte cells treated with control, 10 or 100 nM insulin, 150 ppb or
300 ppb Compounds CDE, and combinations of insulin and Compounds CDE.
FIGS. 10A-10C show the effect of Compounds CDE on glucose produc-

tion, G6pc MRNA expression, and extracellular LDH activity in primary mouse
hepatocytes stimulated with 8-CPT/Dex.

FIG. 10A is a bar graph showing relative glucose levels in the culture media of
mouse hepatocyte cells treated with control, 8-CPT/Dex, combinations of 8-
CPT/Dex and insulin or Compounds CDE, and combinations of 8-CPT/Dex,
insulin and Compounds CDE.

FIG. 10B is a bar graph showing relative G6pc mRNA levels in mouse hepato-
cyte cells treated with control, 8-CPT/Dex, combinations of 8-CPT/Dex and in-
sulin or Compounds CDE, and combinations of 8-CPT/Dex, insulin and Com-
pounds CDE.

FIG. 10C is a bar graph showing relative LDH levels in the culture media of
mouse hepatocytes treated with control, 8-CPT/Dex, combinations of 8-
CPT/Dex and insulin or Compounds CDE, and combinations of 8-CPT/Dex,
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insulin and Compounds CDE. * P < 0.05 vs vehicle treatment group (the first
bar in the graph).

FIGS. 11A-11B show the effect of Compounds CDE on glucose production
and extracellular LDH activity in primary mouse hepatocytes cultured in se-
rum-free media.

FIG. 11A is a bar graph showing relative glucose levels in the culture media of
mouse hepatocyte treated with basal control (water vehicle), 10 or 100 nM in-
sulin (Ins), 150 ppb or 300 ppb Compounds CDE, and combinations of insulin
and Compounds CDE in the presence or absence of 8-CPT/Dex for 6

hours. # P < 0.05 vs basal control group (the first bar in the graph). * P <

0.05 vs the 8-CPT/Dex treatment group (the first filled bar in the graph).

FIG. 11B is a bar graph showing relative LDH levels in the culture media of
mouse hepatocyte cells treated with basal control (water vehicle), 10 or 100
nM insulin (Ins), 150 ppb or 300 ppb Compounds CDE, and combinations of
insulin and Compounds CDE in the presence or absence of 8-CPT/Dex for 6
hours.

FIGS. 12A-12F show the effect of Compounds CDE on protein expression
levels of phosphorylated Pdk1 (pPdk1), Akt at serine 473 (pAktS473), Foxo1
at threonine 24 (pFoxo1T24), Foxo3 at threonine 32 (pFoxo3T32), Foxo4 at
threonine 28 (pFoxo4T28), and Gsk3b at serine 9 (pGsk3bS9) in primary
mouse hepatocytes.

FIG. 12A is a Western blot showing the effect of a control, insulin, or 150 ppb
or 300 ppb Compounds CDE on protein levels of pPdk1, pAktS473,
pFox01T24, pFoxo3T32, pFoxo4T28, and pGsk3bS9 in primary mouse
hepatocytes.

FIG. 12B is a bar graph showing the relative pPdk1 protein levels in mouse
hepatocytes treated with a control, 100 nM of insulin, or 150 ppb or 300 ppb
Compounds CDE.

FIG. 12C is a bar graph showing the relative pAktS473 protein levels in mouse
hepatocytes treated with a control, 100 nM of insulin, or 150 ppb or 300 ppb
Compounds CDE.

FIG. 12D is a bar graph showing the relative pFoxo1T24 protein levels in
mouse hepatocytes treated with a control, 100 nM of insulin, or 150 ppb or 300
ppb Compounds CDE.

FIG. 12E is a bar graph showing the relative pFoxo3T32 protein levels in
mouse hepatocytes treated with a control, 100 nM of insulin, or 150 ppb or 300
ppb Compounds CDE.

FIG. 12F is a bar graph showing the relative pGsk3bS9 protein levels in
mouse hepatocytes treated with a control, 100 nM of insulin, or 150 ppb or 300
ppb Compounds CDE.

FIGS. 13A-13D show the time-effect of Compounds CDE treatment on protein
expression levels of phosphorylated Pdk1, Akt, Foxo1 and Foxo3 in primary
mouse hepatocytes cultured under serum-free conditions.

FIG. 13A is a Western blot showing the effect of Compounds CDE treatment
for O minute, 5 minutes, 30 minutes, 1 hour, 2 hours, and 3 hours on protein
levels of pPdk1, pAktT308, pFoxo1T24, pFoxo3T32, Akt, and Actb in primary
mouse hepatocytes.

FIG. 13B is a bar graph showing the relative pPdk1 protein levels after treat-
ment of mouse hepatocytes with Compounds CDE for O minute, 5 minutes, 30
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minutes, 1 hour, 2 hours, and 3 hours. * P at least < 0.05 when compared to
no compounds CDE treatment (O minute group).

FIG. 13C is a bar graph showing the relative pAktT308 protein levels after
treatment of mouse hepatocytes with Compounds CDE for 0 minute, 5
minutes, 30 minutes, 1 hour, 2 hours, and 3 hours. #P < 0.15, * P at least <
0.05 when compared to no compounds CDE treatment (O minute group).

FIG. 13D is a bar graph showing the combined pFoxo1T24 and pFoxo3T32
protein levels after treatment of mouse hepatocytes with Compounds CDE for
0 minute, 5 minutes, 30 minutes, 1 hour, 2 hours, and 3 hours. #P < 0.15,

* P at least < 0.05 when compared to no compounds CDE treatment (O minute
group).

FIGS. 14A-14B show the effect of Compounds CDE on blood glucose levels
in Lepr®/@® mice.

FIG. 14A is a bar graph showing the blood glucose levels in Lepr®/@® mice af-
ter intraperitoneally injected with physiological saline or Compounds CDE eve-
ry other day from the mouse age of 27 days to 3.5 months.

FIG. 14B is a bar graph showing the blood glucose levels in Lepr®/@® mice af-
ter intraperitoneally injected with physiological saline or Compounds CDE daily
from the mouse age of 38 days to 66 days.

FIGS. 15A-15B show the effect of Compounds CDE on glucose tolerance

in Lepr®’@® mice after intraperitoneally injected with physiological saline or
Compounds CDE every other day from the mouse age of 27 days to 3.5
months.

FIG. 15A is a graph showing the effect of Compounds CDE on blood glucose
levels in saline- and Compounds CDE-treated Lepr®/® mice at zero time point
(determined immediately before the injection of glucose) and various time
points (0.25 hour, 0.5 hour, 1 hour and 2 hours) after the glucose injections.

* P refers to at least < 0.05 when compared to saline-treated group at the
same time point.

FIG. 15B is a graph showing the quantitative analysis of the area under the
curve (AUC) of the graph in FIG. 15A.

DETAILED DESCRIPTION

[0016] The invention is defined by the claims. Any subject-matter falling outside the
scope of the claims is provided for information purposes only. Any references in the
description to methods of treatment refer to the compounds, pharmaceutical compo-
sitions and medicaments of the present invention for use in a method for treatment of
the human (or animal) body by therapy.

DEFINITIONS

[0017] As used herein, the terms "administration" and "administering" refer to the act
of giving a drug, prodrug, or other agent, or therapeutic treatment (e.g., compositions
of the present application) to a subject in vivo, in vitro or to ex vivo cells, tissues, and
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organs. The compounds and compositions of the present disclosure may be given to
a subject by any route of administration known in the art. Exemplary routes of admin-
istration to the human body can be through the eyes (ophthalmic), mouth (oral), skin
(topical or transdermal), nose (nasal), lungs (inhalant), oral mucosa (buccal), brain,
ear, rectal, vaginal, or by injection. Routes of injection may be administered intrave-
nously, subcutaneously, intratumorally, and intraperitoneally.

[0018] The term "alkyl" refers to a branched or unbranched saturated hydrocarbon
group of 1 to 24 carbon atoms, and preferably, at least three carbon atoms. In some
embodiments, an "alkyl" group contains 1 to 16 carbon atoms (i.e., C1-16 alkyl), spe-
cifically, in other embodiments, the alkyl comprises 3 to 16 atoms (i.e., Cs-16 alkyl).
The alkyl group may be optionally substituted with an acyl, amino, amido, azido, car-
boxyl, alkyl, aryl, halo, guanidinyl, oxo, sulfanyl, sulfenyl, sulfonyl, heterocyclyl or hy-
droxyl group. Additional examples of an alkyl group include methyl, ethyl, propyl, iso-
propyl, butyl, iso-butyl, secondary-butyl, tertiary-butyl, pentyl, iso-pentyl, neo-pentyl,
hexyl, iso-hexyl, 3-methylpentyl, 2,3-dimethylbutyl, neo-hexyl, heptyl, octyl, nonyl,
decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, and hexadecy!.

[0019] In one embodiment of a C3-C16 alkyl, the alkyl is not a substituted alkyl. In
other embodiments, the substituted alkyl does not have both a carboxyl group and an
amino group. In further embodiments, the C3-C1s alkyl is not a substituted alkyl hav-
ing both a carboxyl group and an amino group.

[0020] The term "alkali metal" refers to metallic salts that include appropriate alkali
metal salts (e.g., Group IA) salts, alkaline earth metal salts (e.g., Group IlA), and oth-
er physiologically acceptable metals. Metallic salts can be made from aluminum, cal-
cium, lithium, magnesium, potassium, sodium , zinc or combinations thereof.

[0021] The term "alkenyl" refers to a straight or branched carbon chain containing at
least one carbon-carbon double bond. In some embodiments, "alkenyl" refers to a
hydrocarbon containing 1, 2, 3, 4, 5,6, 7, 8, 9 or 10 carbon atoms (i.e., C1-10 alkenyl).
Examples of an alkenyl group include, ethene, propene, butene, pentene, hexene,
heptene, octene, nonene and decene. The alkenyl group may be optionally substitut-
ed with an amino, alkyl, halo, or hydroxyl group.

[0022] The term "amido" refers to either a C-amido group, such as a --CONR'R" moi-
ety or an N amido group, such as --NR'COR" moiety, wherein R' and R" may inde-
pendently be hydrogen, alkyl, alkenyl, alkynyl, alkoxy, carbocyclic, heterocylic, aryl,
or aralkyl. A "sulfoamido" group includes the --NR'--SO2--R" moiety, wherein the R’
and R" may be hydrogen, alkyl, aryl, or aralkyl.

[0023] The term "alkynyl" refers to a straight or branched carbon chain comprising at
least one carbon-carbon triple bond. In exemplary embodiments, "alkynyl" refers to a
hydrocarbon containing 2, 3, 4, 5, 6, 7, 8, 9 or 10 carbon atoms (i.e., C2-10 alkynyl).
Examples of an alkynyl group include ethyne, propyne, butyne, pentyne, hexyne,
heptyne, octyne, nonyne and decyne. The alkynyl group may be optionally substitut-
ed with an amino, alkyl, halo, or hydroxyl group.

[0024] The term "aryl" refers to a carbocyclic aromatic system comprising one, two or
three rings. The rings may be attached together in a pendant manner or may be
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fused together. The term "aryl" encompasses aromatic groups such as phenyl, naph-
thyl, tetrahydronaphthyl, tetralin, indane, indene, and biphenyl. The aryl group may
optionally be substituted with an amino, alkyl, halo, hydroxyl, carbocyclic, heterocy-
clic, or another aryl group.

[0025] A "combination" as used herein refers to a plurality of components. The com-
bination may comprise, consist essentially of, or consist of atoms, compounds, com-
positions, components, constituents, elements, moieties, molecules, or mixtures. A
combination includes a mixture.

[0026] The term "fused" means that a second ring is present (i.e., attached or
formed) by having two adjacent atoms in common (i.e., shared) with the first ring. The
term "fused" is equivalent to the terms "condensed," "attached," and "bound," which
may be used interchangeably.

[0027] The term "cycloalkyl" refers to a monocyclic saturated or partially saturated
carbon ring, comprising a number of ring atoms. In some embodiments, "cycloalkyl"
refers to a carbon ring containing 3-12 ring atoms (i.e., Cs-12 cycloalkyl). As used
herein, a cycloalkyl encompasses monocyclo, bridged, spiro, fused, bicyclo and tricy-
clo ring structures. Examples of a cycloalkyl group include cyclopropyl, cyclobutyl,
cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl, cycloheptyl, cycloheptenyl, nor-
bornyl, decalin, adamantyl, and cyclooctyl. The cycloalkyl group may be optionally
substituted with an amino, alkyl, halo, or hydroxyl group.

[0028] The term "aralkyl" refers to aryl-substituted alkyl moieties. Aralkyl groups may
be "lower aralkyl" groups, where the aryl groups are attached to alkyl groups having
one to six carbon atoms. Examples of aralkyl groups include benzyl, diphenylmethyl,
triphenylmethyl, phenylethyl, and diphenylethyl. The terms "benzyl" and "phenylme-
thyl" are interchangeable. In some embodiments, the alkyl is a C3-C1s alkyl. In other
embodiments, the alkyl is not a substituted alkyl having both a carboxyl group and an
amino group.

[0029] The term "aryloxy" refers to an aryl group attached to an oxygen atom. The
aryloxy group may optionally be substituted with a halo, hydroxyl, or alkyl group. Ex-
amples of such groups include phenoxy, 4-chloro-3-ethylphenoxy, 4-chloro-3-
methylphenoxy, 3-chloro-4-ethylphenoxy, 3,4-dichlorophenoxy, 4-methylphenoxy, 3-
trifluoromethoxyphenoxy, 3-trifluoromethylphenoxy, 4-fluorophenoxy, 3,4-
dimethylphenoxy, 5-bromo-2-fluorophenoxy, 4-bromo-3-fluorophenoxy, 4-fluoro-3-
methylphenoxy, 5,6,7,8-tetrahydronaphthyloxy, 3-isopropylphenoxy, 3-
cyclopropylphenoxy, 3-ethylphenoxy, 4-tert-butylphenoxy, 3-
pentafluoroethylphenoxy, and 3-(1,1,2,2-tetrafluoroethoxy) phenoxy.

[0030] The term "alkoxy" refers to an oxy-containing group substituted with an alkyl
or cycloalkyl group. Examples of an alkoxy group include, without limitation, methoxy,
ethoxy, tert-butoxy, and cyclohexyloxy. "Lower alkoxy" groups have one to six carbon
atoms, and include methoxy, ethoxy, propoxy, butoxy, isopropoxy, and tert-butoxy
groups.

[0031] The term "aralkoxy" refers to an oxy-containing aralkyl group attached through
an oxygen atom to other groups. "Lower aralkoxy" groups are phenyl groups at-
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tached to a lower alkoxy group. Examples of a lower aralkoxy group includes ben-
zyloxy, 1-phenylethoxy, 3-trifluoromethoxybenzyloxy, 3-trifluoromethylbenzyloxy, 3,5-
difluorobenyloxy, 3-bromobenzyloxy, 4-propylbenzyloxy, 2-fluoro-3-
trifluoromethylbenzyloxy, and 2-phenylethoxy.

[0032] The term "acyl" refers to a -C (=O)R moiety, wherein R is hydrogen, alkyl,
alkenyl, alkynyl, carbocyclic, heterocylic, aryl, or aralkyl. Preferably, R is hydrogen,
alkyl, aryl, or aralkyl.

[0033] The term "carboxyl" refers to a --R'C(=0)OR" moiety, wherein R' and R" are
independently hydrogen, alkyl, alkenyl, alkynyl, carbocyclic, heterocylic, heterocyloal-
kyl, aryl, ether, or aralkyl. R' can additionally be a covalent bond. A "carboxy!" in-
cludes both carboxylic acids, and carboxylic acid esters.

[0034] The term "carboxylic acid" refers to a carboxyl group in which R" is hydrogen
or a salt. Carboxylic acids include formic acid, acetic acid, propionic acid, butyric ac-
id, valeric acid, 2-methyl propionic acid, oxirane-carboxylic acid, and cyclopropane
carboxylic acid.

[0035] The term "carboxylic acid ester" or "ester" refers to a carboxyl group in which
R" is alkyl, alkenyl, alkynyl, carbocyclic, heterocylic, aryl, or aralkyl. Examples of car-
boxylic acids include formic acid, acetic acid, propionic acid, butanoic acid, pentanoic
acid, hexanoic acid, heptanoic acid, octanoic acid, nonanoic acid, decanoic acid, cy-
clopropanecarboxylic acid, cyclobutanecarboxylic acid, cyclopentanecarboxylic acid,
cyclohexanecarboxylic acid, cycloheptanecarboxylic acid, cyclooctanecarboxylic acid,
or cyclononanecarboxylic acid.

[0036] The term "carbonyl" refers to refers to a C=0 moiety, also known as an "oxo"
group.

[0037] The term "heterocycle" or "heterocyclyl" or "heterocyclic ring" refers to an ar-
omatic or non-aromatic cyclic hydrocarbon with 3 to 12 carbon atoms. In exemplary
embodiments, "heterocyclyl" refers to a cyclic hydrocarbon containing 3, 4, 5, or 6
ring atoms (i.e., Cs-s heterocyclyl). The heterocycle may optionally be substituted,
saturated, or unsaturated. Typically, at least one of the ring atoms is an Oxygen (O),
Nitrogen (N), Sulfur (S), Phosphorous (P), or Selenium (Se). For example, in some
embodiments, a ring N atom from the heterocyclyl is the bonding atom to a -C(O)
moiety to form an amide, a carbamate, or a urea. Examples of a heterocyclic group
include aziridine, oxirane, thiirane, azetidine, oxetane, thietane, pyrrolidine, imidaz-
ole, tetrahydrofuran, pyran, thiopyran, thiomorpholine, thiomorpholine S-oxide, oxa-
zoline, tetrahydrothiophene, piperidine, tetrahydropyran, thiane, imidazolidine, oxodi-
oxolenyl, oxazolidine, thiazolidine, dioxolane, dithiolane, piperazine, oxazine, dithi-
ane, dioxane, pyridinyl, furanyl, benzofuranyl, isobenzofuranyl, pyrrolyl, thienyl, 1,2,3-
triazolyl, 1,2,4-triazolyl, indolyl, imidazolyl, thiazolyl, thiadiazolyl, pyrimidinyl, oxazolyl,
triazinyl, and tetrastyla. Exemplary heterocycles include benzimidazole, dihydrothio-
phene, dioxin, dioxane, dioxolane, dithiane, dithiazine, dithiazole, dithiolane, furan,
indole, 3-H indazole, 3-H-indole, indolizine, isoindole, isothiazole, isoxazole, morpho-
line, oxazole, oxadiazole, oxathiazole, oxathiazolidine, oxazine, oxadiazine, pipera-
zine, piperidine, purine, pyran, pyrazine, pyrazole, pyridine, pyrimidine, pyrimidine,
pyridazine, pyrrole, pyrrolidine, tetrahydrofuran, tetrazine, thiadiazine, thiadiazole,
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thiatriazole, thiazine, thiazole, thiophene, triazine, and triazole. The heterocycle may
be optionally substituted with an amino, alkyl, alkenyl, alkynyl, halo, hydroxyl, carbo-
cyclic, thio, other heterocyclic, or aryl group.

[0038] The term "heteroaryl" refers to a cyclic hydrocarbon, where at least one of a
plurality of ring atoms is an O, N, S, P or Se. The ring of the heteroaryl is character-
ized by delocalized [pi] electrons (aromaticity) shared among the ring members. Het-
eroaryl moieties as defined herein may have Carbon (C), N, S, P or Se bonding
hands. For example, in some embodiments, a ring N atom from the heteroaryl is the
bonding atom to a -C(O) moiety to form an amide, a carbamate, or an urea. In exem-
plary embodiments, "heteroaryl" refers to a cyclic comprising 5 or 6 ring atoms (i.e.,
Cs-6 heteroaryl). Examples of a heteroaryl group include pyrrole, furan, thiene, oxa-
zole, thiazole, isoxazole, isothiazole, imidazole, pyrazole, oxadiazole, thiadiazole,
triazole, tetrazole, pyridine, pyrimidine, pyrazine, pyridazine, and triazine.

[0039] The term "hydroxy" or "hydroxyl" refers to the substituent -OH.
[0040] The term "oxo" refers to the substituent =0O.

[0041] The term "nitro" refers to NOa.

[0042] The term "azido" refers to Na.

[0043] The term "sulfur analog(s)" refers to an analog of a compound, wherein one or
more selenium atoms have been replaced by one or more sulfur atoms.

[0044] The term "sulfanyl" refers to a --SR' moiety, where R' is hydrogen, alkyl,
alkenyl, alkynyl, carbocyclic, heterocylic, aryl, or aralkyl.

[0045] The term "sulfenyl" refers to a --SOR' moiety, where R' is hydrogen, alkyl,
alkenyl, alkynyl, carbocyclic, heterocylic, aryl, or aralkyl.

[0046] The term "sulfonyl" refers to a--SOR' moiety, where R' refers to hydrogen, al-
kyl, alkenyl, alkynyl, carbocyclic, heterocylic, aryl, or aralkyl.

[0047] The term "ketone" refers to a moiety containing at least one carbonyl group
where the carbonyl carbon is bound to two other carbon atoms. In exemplary embod-
iments, a "ketone" refers to a carbonyl-containing moiety containing 3, 4, 5,6, 7, 8, 9
or 10 carbon atoms (i.e., Cs-10 ketone). Examples of a ketone group include acetone,
butanone, pentanone, hexanone, heptanone, octanone, nonanone, decanone, cyclo-
butanone, cyclopentanone, cyclohexanone, cycloheptanone, cyclooctanone, cy-
clononanone and cyclodecanone.

[0048] The term "amino" refers to a primary, secondary or tertiary group having the
formula, --NR'R," wherein R' and R" are independently hydrogen, acyl, alkyl, al-
kyenyl, alkynyl, aralkyl, aryl, carboxyl, cycloalkyl, heterocyclic, or another amino
group (as in the case of hydrazide). R' and R," together with the nitrogen atom to
which they are attached, form a ring having 4 to 8 atoms. Thus, the term "amino,"
includes unsubstituted, monosubstituted (e.g., monoalkylamino or monoarylamino),
and disubstituted (e.g., dialkylamino or aralkylamino) amino groups. Amino groups
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include a --NH2 moiety, methylamino, ethylamino, dimethylamino, diethylamino, me-

thyl-ethylamino, pyrrolidin-1-yl or piperidino, morpholino, etc. Other exemplary "ami-

no" groups forming a ring include pyrrolyl, imidazolyl, pyrazolyl, isothiazolyl, isoxazol-
yl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, indolizinyl, imidazolyl, isoindolyl, indolyl,
indazolyl, purinyl, quinolizinyl. The ring containing the amino group may be optionally
substituted with another amino, alkyl, alkenyl, alkynyl, halo, or hydroxyl group.

[0049] The term "amine" refers to a primary, secondary or tertiary amino group of the
formula --NR'R," wherein R' and R" as used in this definition are independently hy-
drogen, acyl, alkyl, alkyenyl, alkynyl, aralkyl, aryl, carboxyl, cycloalkyl, heterocyclic, or
other amino (in the case of hydrazide) or R' and R" together with the nitrogen atom to
which they are attached, form a ring having 4-8 atoms. Thus, the term "amino", as
used herein, includes unsubstituted, monosubstituted (e.g., monoalkylamino or mon-
oarylamino), and disubstituted (e.g., dialkylamino or aralkylamino) amino groups.
Amino groups include --NH2, methylamino, ethylamino, dimethylamino, diethylamino,
methyl-ethylamino, pyrrolidin-1-yl or piperidino, morpholino, etc. Other exemplary
"amino" groups forming a ring, include pyrrolyl, imidazolyl, pyrazolyl, isothiazolyl,
isoxazolyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, indolizinyl, imidazolyl, isoindolyl,
indolyl, indazolyl, purinyl, quinolizinyl. The ring containing the amino group may be
optionally substituted with another amino, alkyl, alkenyl, alkynyl, halo, or hydroxyl
group.

[0050] The term "alcohol" refers to"hydroxy," "hydroxyl," or any substituent compris-
ing the -OH moiety.

[0051] The term "amino alcohol" refers to a functional group containing both an alco-
hol and an amine group. "Amino alcohols" also refer to amino acids having a carbon
bound to an alcohol in place of the carboxylic acid group. In exemplary embodiments,
an "amino alcohol" comprises an amine bound to the carbon adjacent to the alcohol-
bearing carbon. In exemplary embodiments, "amino alcohol" refers to an amine and
an alcohol-containing moiety containing 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12 carbon
atoms (i.e., C1-12 amino alcohol). Examples of amino alcohols include ethanolamine,
heptaminol, isoetarine, norepinephrine, propanolamine, sphingosine, methanolamine,
2-amino-4-mercaptobutan- 1 -ol, 2-amino-4-(methylthio)butan- 1 - ol, cysteinol, phe-
nylglycinol, prolinol, 2-amino-3 -phenyl- 1-propanol, 2-amino-1-propanol, cyclohexyl-
glycinol, 4-hydroxy-prolinol, leucinol, tert-leucinol, phenylalaninol, a- phenylglycinol,
2-pyrrolidinemethanol, tyrosinol, valinol, serinol, 2-dimethylaminoethanol, histidinol,
isoleucinol, leucinol, methioninol, 1-methyl-2-pyrrolidinemethanol, threoninol, tryp-
tophanol, alaninol, argininol, glycinol, glutaminol, 4-amino-5-hydroxypentanamide, 4-
amino-5-hydroxypentanoic acid, 3-amino-4-hydroxybutanoic acid, lysinol, 3-amino-4-
hydroxybutanamide, and 4-hydroxy-prolinol.

[0052] The term "amino acid" refers to a group containing a carboxylic acid and an
amine bound to the carbon atom immediately adjacent to the carboxylate group, and
includes both natural and synthetic amino acids. Examples of amino acids include
arginine, histidine, lysine, aspartic acid, glutamic acid, serine, threonine, asparagine,
glutamine, cysteine, selenocysteine, glycine, proline, alanine, valine, isoleucine, leu-
cine, methionine, phenylalanine, tyrosine, and tryptophan. In some embodiments, the
carboxyl is substituted with H, a salt, ester, alkyl, or aralkyl. The amino group may
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also be substituted with H, acyl, alkyl, alkenyl, alkynyl, carboxyl, cycloalkyl, aralkyl, or
heterocyclyl.

[0053] The term "ether" refers to the --R'--O--R" moiety, wherein R' and R" are inde-
pendently hydrogen, alkyl, alkenyl, alkynyl, carbocyclic, heterocylic, aryl, or aralkyl. R'
can additionally be a covalent bond attached to a carbon.

[0054] The term "halogen" refers to a fluorine, chlorine, bromine or iodine atom.

[0055] The term "halide" refers to a functional group containing an atom bound to a
fluorine, chlorine, bromine or iodine atom. Exemplary embodiments disclosed herein
may include "alkyl halide," "alkenyl halide," "alkynyl halide," "cycloalkyl halide," "het-
erocyclyl halide," or "heteroaryl halide" groups. In exemplary embodiments, "alkyl
halide" refers to a moiety containing a carbon-halogen bond containing 1, 2, 3, 4, 5,
6, 7, 8, 9 or 10 carbon atoms (i.e., C1-10 alkyl halide). Examples of an alkyl halide
group include fluoromethyl, fluoroethyl, chloromethyl, chloroethyl, bromomethyl, bro-
moethyl, iodomethyl and iodoethyl groups. Unless otherwise indicated, any carbon-
containing group referred to herein can contain one or more carbon-halogen bonds.
By way of non-limiting example, a C1 alkyl group can be methyl, fluoromethyl, difluo-
romethyl, trifluoromethyl, chloromethyl, dichloromethyl, trichloromethyl, bromomethyl,
dibromomethyl, tribromomethyl, iodomethyl, diiodomethyl, triodomethyl, chlorofluo-
romethyl, dichlorofluoromethyl, and difluorochloromethyl.

[0056] In the compounds described herein, heteroatoms are capable of bearing mul-
tiple different valencies. By way of non-limiting example, S, Se and N can be neutral
or hold a positive charge. In addition, O can be neutral or hold a positive or negative
charge.

[0057] Exemplary embodiments of the compounds and compositions of the present
disclosure comprise Formulas (1), (l), and (lll), which may encompass diastereomers
and enantiomers of the illustrative compounds. Enantiomers are defined as one of a
pair of molecular entities which are mirror images of each other and non-
superimposable. Diastereomers or diastereoisomers are defined as stereocisomers
other than enantiomers. Diastereomers or diastereocisomers are stereoisomers not
related as mirror images. Diastereocisomers are characterized by differences in physi-
cal properties.

[0058] An embodiment of the present disclosure may comprise a compound accord-

ing to Formula (I):
Ry
N/Rz

Rs Ry
or a pharmaceutically acceptable salt, hydrate, or prodrug thereof. R1 is H, acyl, alkyl,
alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R', C(O)OR', wherein R' is alkyl,
alkenyl, alkynyl, cycloalkyl, aryl, aralkyl, or heterocyclyl; or R1 together with Rz form a
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heterocyclic ring having 4 to 8 ring members with at least one heteroatom selected
from oxygen or nitrogen.

[0059] Rz is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR', wherein R' is selected from alkyl, cycloalkyl, aryl, aralkyl, or heterocyclyl; or
R1 together with Rz form a heterocyclic ring having 4 to 8 ring members with at least
one heteroatom selected from oxygen or nitrogen.

[0060] R3 is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, carboxyl, or C-amido;
or R3 together with R4 and the atoms to which they are attached form a heterocyclic
ring having 4 to 8 ring members with at least one heteroatom selected from oxygen
or nitrogen.

[0061] R4 is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, carboxyl, or C-amido;
or R3 together with R4 and the atoms to which they are attached form a heterocyclic
ring having 4 to 8 ring members with at least one heteroatom selected from oxygen
or nitrogen.

[0062] Rs is oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR', or is absent; wherein R' is se-
lected from alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or aralkyl.

[0063] Rs is oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR', or is absent; wherein R' is se-
lected from alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or aralkyl.

[0064] Rz is a C3-C16 alkyl, wherein the C3-C1s alkyl is not a substituted alkyl having
both a carboxyl group and an amino group, alkenyl, alkynyl, ketone, amino alcohol,
amino acid selected from the group consisting of arginine, histidine, lysine, aspartic
acid, glutamic acid, serine, threonine, asparagine, glutamine, cysteine, selenocyste-
ine, glycine, proline, alanine, valine, isoleucine, leucine, methionine, phenylalanine,
tyrosine, and tryptophan, OR', Se-R', S- R', wherein R' for OR' is selected from the
group consisting of H, alkyl, cycloalkyl, aryl, aralkyl, and heterocyclyl, wherein R' for
Se-R' is selected from the group consisting of H, C3-C1s alkyl, cycloalkyl, aryl, aralkyl,
and heterocyclyl, wherein R' for S-R' is selected from the group consisting of H, Cs-
C16 alkyl, cycloalkyl, aryl, aralkyl, and heterocyclyl; and

[0065] Rs is hydrogen, azido, alkyl, alkenyl, alkynyl.

[0066] The term "Compound C" refers to 5'-Methylselenoadenosine, also known as
(2R,4S,5S)-2-(6-amino-9H-purin-9-y1)-5-((methylselanyl)methyl)tetrahydrofuran-3,4-
diol (CAS Registry Number 5135-40-0), and includes any pharmaceutically accepta-

ble salts thereof.
NH,

on
on

"Compound C"

HsC
N
Se © N

HO OH
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[0067] Another embodiment of the present disclosure may comprise a compound
according to Formula (ll):

\ R
\ N
R
R R

Ry " N 8\(/ / \N
N

\ﬂ)\/\se 0 —/J

! 2\

(@] (0]

] @
R3 R4

or a pharmaceutically acceptable salt, hydrate, or prodrug thereof, wherein

R1is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R', C(O)OR',
wherein R' is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl, or heterocyclyl; or

R1 together with Rz form a heterocyclic ring having 4 to 8 ring members with at least
one heteroatom selected from oxygen or nitrogen;

Rz is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R', C(O)OR',
wherein R' is selected from alkyl, cycloalkyl, aryl, aralkyl, or heterocyclyl; or

R1 together with Rz form a heterocyclic ring having 4 to 8 ring members with at least
one heteroatom selected from oxygen or nitrogen;

Rs is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, carboxyl, or C-amido; or

R3 together with R4 and the atoms to which they are attached form a heterocyclic ring
having 4 to 8 ring members with at least one heteroatom selected from oxygen or
nitrogen;

R4 is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, carboxyl, or C-amido; or

R3 together with R4 and the atoms to which they are attached form a heterocyclic ring
having 4 to 8 ring members with at least one heteroatom selected from oxygen or
nitrogen;

Rs is oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR', or is absent; wherein R' is selected
from alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or aralkyl;

Rs is oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR', or is absent; wherein R' is selected
from alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or aralkyl;

Rs is hydrogen, azido, alkyl, alkenyl, alkynyl;

Ro is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R', C(O)OR',
where R' is alkyl, cycloalkyl, aryl, aralkyl, or heterocyclyl; or Re together with R1o form
a heterocyclic ring having 4 to 8 ring members with at least one heteroatom selected
from oxygen or nitrogen;

Ri1o is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R', C(O)OR',
where R' is selected from alkyl, cycloalkyl, aryl, aralkyl, or heterocyclyl; or Re together
with R1o form a heterocyclic ring having 4 to 8 ring members with at least one het-
eroatom selected from oxygen or nitrogen; and

R11is OR, alkoxy, aralkoxy, or amino, where R is selected from alkyl, cycloalkyl, aryl,
aralkyl, heterocyclyl, or a pharmaceutically acceptable salt, or inner salt.

[0068] The term "Compound D" refers to 5'-Selenoadenosyl homocysteine; (2R)-2-

amino-4-((((2S,3S,5R)-5-(6-amino-9H-purin-9-yl)-3,4-dihydroxytetrahydrofuran-2-
yh)methyl)selanyl)butanoic acid (CAS Registry Number 4053-91-2),and includes any
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pharmaceutically acceptable salts thereof.

NH»
/N
H \\NHZ ( / \ N
HO - N
Wse o N;f
o]
"Compound D"

HO OH

[0069] A further embodiment of the present disclosure may comprise a compound
according to Formula (lll):
(0]

Ry
Rq\
N H
/ %YN S’RY
e

Ry 0 / "Rs

;3 oRe

Re
or a pharmaceutically acceptable salt, hydrate, or prodrug thereof, wherein
R1is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R', C(O)OR',
wherein R' is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl, or heterocyclyl; or
R1 together with Rz form a heterocyclic ring having 4 to 8 ring members with at least
one heteroatom selected from oxygen or nitrogen;
Rz is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R', C(O)OR',
wherein R' is selected from alkyl, cycloalkyl, aryl, aralkyl, or heterocyclyl; or
R1 together with Rz form a heterocyclic ring having 4 to 8 ring members with at least
one heteroatom selected from oxygen or nitrogen;
Rs3 is OH, OR, alkoxy, aralkoxy, or amino, where R is selected from alkyl, cycloalkyl,
aryl, aralkyl, heterocyclyl, or a pharmaceutically acceptable salt, or inner sal;
R4 is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl, heterocyclyl, or a pharmaceutical-
ly acceptable salt, or inner salt;
Rs is oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR', or is absent; wherein R' is selected
from alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or aralkyl;
Rs is oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR', or is absent; wherein R' is selected
from alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or aralkyl; and
Rz is a C3-C1s alkyl, wherein the C3-C1s alkyl is not a substituted alkyl having both a
carboxyl group and an amino group, alkenyl, alkynyl, ketone, amino alcohol, amino
acid selected from the group consisting of arginine, histidine, lysine, aspartic acid,
glutamic acid, serine, threonine, asparagine, glutamine, cysteine, selenocysteine,
glycine, proline, alanine, valine, isoleucine, leucine, methionine, phenylalanine, tyro-
sine, and tryptophan, OR', Se-R', S- R', wherein R' for OR' is selected from the group
consisting of H, alkyl, cycloalkyl, aryl, aralkyl, and heterocyclyl, where R' for Se-R' is
selected from the group consisting of H, C3-C1s alkyl, cycloalkyl, aryl, aralkyl, and
heterocyclyl, wherein R' for S-R' is selected from the group consisting of H, Cs-
C1s alkyl, cycloalkyl, aryl, aralkyl, and heterocyclyl.

[0070] The term "Compound E" refers to y-L-glutamyl-Se-methyl-L-selenocysteine;
also known as N5-(1-carboxy-2-(methylselanyl)ethyl)-L-glutamine, or any pharma-
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ceutically acceptable salt thereof.

O
oH "Compound E"
HoN H _CHs
Se
O I\
HO O

[0071] The terms "Compound CDE," "Compounds CDE, "Compound CDE combina-
tion" or "Compound CDE in combination" refers to a combination or mixture of Com-
pound C, Compound D and Compound E, or pharmaceutically acceptable salts
thereof.

[0072] The term "Compound H" refers to 5'-Methylthioadenosine; 5'-S-Methyl-5'-
thioadenosine (CAS Registry No. 2457-80-9), or a pharmaceutically acceptable salt

thereof.
Hy

N
/N
o S
® \S (0] N/J
"Compound H"

HO OH

[0073] The term "Compound I" refers to S-Adenosyl-L-homocysteine, also known as
(S)-5'-(S)-(3-Amino-3-carboxypropyl)-5'-thioadenosine (CAS Registry No. 979-92-0),

or a pharmaceutically acceptable salt thereof.
NH,
N

NH2
HO

"Compound 1" /\Q

[0074] The term "Compound J" refers to y-L-glutamyl-methyl-L-cysteine, also known

as Gamma-glutamyl-methyl-cysteine, or a pharmaceutically acceptable salt thereof.
0

OH
H,N H _CHs
S
o

HO o
"Compound J"

[0075] The term "Compound HIJ" refers to a mixture of Compound H, Compound |
and Compound J, or pharmaceutically acceptable salts thereof.

[0076] The terms "analog" and "derivative" are interchangeable, and refer to a natu-
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ral or non-natural modification of at least one position of a given molecule. For exam-
ple, a derivative of a given compound or molecule may be modified either by addition
of a functional group or atom, removal of a functional group or atom or change of a
functional group or atom to a different functional group or atom (including isotopes).

[0077] The term "comprising" refers to a composition, compound, formulation, or
method that is inclusive and does not exclude additional elements or method steps.
The term "comprising" also refers to a composition, compound, formulation, or meth-
od embodiments of the present disclosure that is inclusive and does not exclude ad-
ditional elements or method steps.

[0078] The term "consisting of' refers to a compound, composition, formulation, or
method that excludes the presence of any additional component or method steps.
The term "consisting of' also refers to a compound, composition, formulation, or
method of the present disclosure that excludes the presence of any additional com-
ponent or method steps.

[0079] The term "consisting essentially of' refers to a composition, compound, formu-
lation or method that is inclusive of additional elements or method steps that do not
materially affect the characteristic(s) of the composition, compound, formulation or
method. The term "consisting essentially of' also refers to a composition, compound,
formulation or method of the present disclosure that is inclusive of additional ele-
ments or method steps that do not materially affect the characteristic(s) of the com-
position, compound, formulation or method.

[0080] The term "compound(s)" refers to any one or more chemical entity, moiety,
pharmaceutical, drug that can be used to treat, diagnose, or prevent a disease, ill-
ness, sickness, or disorder of bodily function. A compound can be determined to be
therapeutic by using the screening methods of the present application.

[0081] The term "composition(s)" refers to the combination of one or more com-
pounds with or without another agent, such as a carrier agent. (e.g., one or more se-
lenium containing compounds with a carrier, inert or active, making the composition
especially suitable for diagnostic or therapeutic use in vitro, in vivo, or ex vivo.

[0082] The term "component" refers to a constituent part of a compound or a compo-
sition. For example, components of a composition can include a compound, a carrier,
and any other agent present in the composition.

[0083] The term "effective amount" refers to the amount of a composition or com-
pound sufficient to effect beneficial or desired results. An effective amount can be
administered in one or more applications or dosages and is not intended to be limited
to a particular formulation or administration route.

[0084] The term "hydrate" refers to a compound which is associated with water in the
molecular form (i.e., in which the H- OH bond is not split), and may be represented,
for example, by the formula R x H20, where R is a compound disclosed herein. A
given compound may form more than one hydrate including, for example, monohy-
drates (R x H20), dihydrates (Rz2 x H20), trihydrates (Rs x H20).
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[0085] The term "inhibitory" or "antagonistic" refers to the property of a compound
that decreases, limits, inhibits, or blocks the action or function of another compound.

[0086] The term "isolated" refers to the separation of a material from at least one
other material in a mixture or from materials that are naturally associated with the
material. For example, a compound synthesized synthetically is separated from a
starting material or an intermediate.

[0087] A "known therapeutic compound" refers to a therapeutic compound that has
been shown (e.g., through animal trials or prior experience with administration to hu-
mans) to be effective in a treatment. In other words, a known therapeutic compound
is not limited to a compound known or shown to be efficacious in the treatment of
disease (e.g., neurodegenerative disease).

[0088] The term "mitochondrial potential” refers to a voltage difference across the
inner mitochondrial membrane maintained by the net movement of positive charges
across the membrane.

[0089] The term "modulates glucose metabolism" refers to a change in the state (e.g.
activity or amount) from a known or determined state in a cell or living organism of a
biochemical pathway that forms, converts or breaks down glucose or component
thereof.

[0090] "Optional" or "optionally" refers to a circumstance in which the subsequently
described event or circumstance may or may not occur, and that the description in-
cludes instances where said event or circumstance occurs and instances in which it
does not. "Optionally" is inclusive of embodiments in which the described conditions
is present and embodiments in which the described condition is not present. For ex-
ample, "optionally substituted phenyl" means that the phenyl may or may not be sub-
stituted, and that the description includes both unsubstituted phenyl and phenyl
wherein there is substitution.

[0091] The term "organic selenium" or "selenoorganic compound" refers to any or-
ganic compound wherein selenium replaces sulfur. Thus, organic selenium can refer
to any such compound biosynthesized by yeast or to free organic seleno-compounds
that are chemically synthesized, such as free selenomethionine.

[0092] The terms "patient" or "subject" are used interchangeably and refer to any
member of Kingdom Animalia. A subject may be a mammal, such as a human, do-
mesticated mammal (e.g., dog or cat), or a livestock mammal (e.g., cow/cattle or
pig/swine).

[0093] The term "ppb" as used herein refers to parts per billion based on selenium for
selenium-containing compounds or based on sulfur for sulfur-containing compounds.
Examples of Selenium containing compounds are Compound C, Compound D, and
Compound E. Examples of sulfur containing compounds are Compound H, Com-
pound I, and Compound J. In order to convert ppb based on selenium to ppb of the
compound containing selenium multiply the indicated ppb by the following factors:
4.35 for Compound C, 5.46 for Compound D, and 3.94 for Compound E. In order to
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convert ppb based on sulfur to ppb of the compound containing sulfur multiply the
indicated ppb by the following factors: 9.28 for Compound H, 12.00 for Compound |,
and 8.25 for Compound J.

[0094] The phrase "pharmaceutically acceptable" refers to those compounds, mate-
rials, compositions, and/or dosage forms which are, within the scope of sound medi-
cal judgment, suitable for use in contact with the tissues of human beings and ani-
mals without excessive toxicity, irritation, allergic response, or other problem or com-
plication, commensurate with a reasonable benefit/risk ratio.

[0095] The term "carrier" refers to a pharmaceutically acceptable carrier. The phrase
"pharmaceutically acceptable carrier" refers to a pharmaceutically acceptable materi-
al, composition or control, such as a liquid or solid filler, diluent, excipient, solvent or
encapsulating material, involved in carrying or transporting a selenium-containing
compound, analog, or derivative from one organ or portion of the body to another
organ or portion of the body. A carrier must be acceptable in the sense of being com-
patible with the other ingredients of the formulation and not injurious to the patient or
subject.

[0096] Some examples of materials which may serve as pharmaceutically acceptable
carriers include: (1) sugars, such as lactose, glucose and sucrose; (2) starches, such
as corn starch and potato starch; (3) cellulose, and its derivatives, such as sodium
carboxymethyl cellulose, ethyl cellulose and cellulose acetate; (4) powdered traga-
canth; (5) malt; (6) gelatin; (7) talc; (8) excipients, such as cocoa butter and supposi-
tory waxes; (9) oils, such as peanut oil, cottonseed oil, safflower oil, sesame oil, olive
oil, corn oil and soybean olil; (10) glycols, such as propylene glycol; (11) polyols, such
as glycerin, sorbitol, mannitol and polyethylene glycol; (12) esters, such as ethyl ole-
aste and ethyl laurate; (13) agar; (14) buffering agents, such as magnesium hydrox-
ide and aluminum hydroxide; (15) alginic acid; (16) pyrogen-free water; (17) isotonic
saline; (18) Ringer's solution; (19) ethyl alcohol; (20) phosphate buffer solutions; and
(21) other non-toxic compatible substances employed in pharmaceutical formula-
tions.

[0097] The term "prodrug" refers to a pharmacologically active compound. More typi-
cally, a "prodrug" refers to an inactive compound that is converted into a pharmaco-
logically active agent by a metabolic transformation. A prodrug of a compound or
composition described herein is prepared by modifying functional groups present in
the compound of any of the formula above in such a way that the modifications may
be cleaved in vivo to release the parent compound. A prodrug may readily under-
goes in vivo chemical changes under physiological conditions (e.g., hydrolysis or en-
zyme catalysis) resulting in liberation of the pharmacologically active agent. Prodrugs
include compounds of any of the formula described herein, wherein a hydroxy, ami-
no, or carboxy group is bound to any group that may be cleaved in vivo to regenerate
the free hydroxyl, amino or carboxy group, respectively. Examples of prodrugs in-
clude esters (e.g., acetate, formate, and benzoate derivatives) of compounds of any
of the formula above or any other derivative, which upon being brought to the physio-
logical pH or through enzyme action is converted to the active parent drug. Conven-
tional procedures for the selection and preparation of suitable prodrug derivatives are
described in the art (see, for example, Bundgaard. Design of Prodrugs. Elsevier,
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1985). According to the present invention, a prodrug is selected from esters of com-
pounds of any of the formula mentioned above.

[0098] The term "purified" or "substantially purified" refers to the removal of inactive
or inhibitory components (e.g., contaminants) from a composition to the extent that
10% or less (e.g., 10% or less, 9% or less, 8% or less, 7% or less, 6% or less, 5% or
less, 4% or less, 3% or less, 2% or less, or 1% or less) of the composition comprises
inactive components, compounds, or pharmaceutically acceptable carriers.

[0099] The term "salts" can include pharmaceutically acceptable acid addition salts
or addition salts of free bases. Examples of acids which may be employed to form
pharmaceutically acceptable acid addition salts include salts derived from nontoxic
inorganic acids such as nitric, phosphoric, sulfuric, or hydrobromic, hydroiodic, hydro-
fluoric, phosphorous, as well as salts derived from nontoxic organic acids such as
aliphatic mono- and dicarboxylic acids, phenyl-substituted alkanoic acids, hydroxyl|
alkanoic acids, alkanedioic acids, aromatic acids, aliphatic and aromatic sulfonic ac-
ids, and acetic, maleic, succinic, or citric acids. Non-limiting examples of such salts
include napadisylate, besylate, sulfate, pyrosulfate, bisulfate, sulfite, bisulfite, nitrate,
phosphate, monohydrogenphosphate, dihydrogenphosphate, metaphosphate, pyro-
phosphate, chloride, bromide, iodide, acetate, trifluoroacetate, propionate, caprylate,
isobutyrate, oxalate, malonate, succinate, suberate, sebacate, fumarate, maleaste,
mandelate, benzoate, chlorobenzoate, methylbenzoate, dinitrobenzoate, phthalate,
benzenesulfonate, toluenesulfonate, phenylacetate, citrate, lactate, maleaste, tar-
trate, methanesulfonate. Also contemplated are salts of amino acids, such
asarginate, gluconate, galacturonate, and other salts, such as, those disclosed

in Berge, et al. ("Pharmaceutical Salts", J. Pharma. Sci. 1977; 66:1-19).

[0100] The phrase "pharmaceutically acceptable salts" include salts well known to
those skilled in the art. For example, mono-salts (e.g., alkali metal and ammonium
salts) and poly-salts (e.g., di-salts or tri-salts) of the present invention. Pharmaceuti-
cally acceptable salts of compounds of the disclosure are prepared, for example,
when an exchangeable group, such as hydrogen in the --OH, --NH--, or-P(=0)(OH)--
moieties, is replaced with a pharmaceutically acceptable cation (e.g., a sodium, po-
tassium, or ammonium ion) and can conveniently be prepared from a corresponding
compound disclosed herein by, for example, reaction with a suitable base.

[0101] In cases where compounds are sufficiently basic or acidic to form stable non-
toxic acid or base salts, administration of the compounds as salts may be appropri-
ate. Examples of pharmaceutically acceptable salts are organic acid addition salts
formed with acids that form a physiological acceptable anion, for example, tosylate,
methanesulfonate, acetate, citrate, malonate, tartarate, succinate, benzoate, ascor-
bate, alpha-ketoglutarate, and alpha-glycerophosphate. Suitable inorganic salts may
also be formed, including hydrochloride, sulfate, nitrate, bicarbonate, and carbonate
salts. Pharmaceutically acceptable salts may be obtained using standard procedures
well known in the art, for example, by reacting a sufficiently basic compound, such as
an amine with a suitable acid affording a physiologically acceptable anion. Alkali
metal salts (e.g., sodium, potassium or lithium) or alkaline earth metal salts (e.g., cal-
cium) of carboxylic acids can also be made.

[0102] The terms "selenium-enriched yeast" and "selenized yeast" refer to any yeast
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(e.g., Saccharomyces cerevisiae) that is cultivated in a medium containing a seleni-
um source, such as inorganic selenium salts. The amount of residual inorganic sele-
nium salt in the finished product is generally quite low (e.g., less than 2%).

[0103] The term "substituted" in connection with a moiety refers to a further substitu-
ent which is attached at any acceptable location on the moiety. Unless otherwise in-
dicated, moieties can bond through a carbon, nitrogen, oxygen, sulfur, or any other
acceptable atom. Examples of substituents include amines, alcohols, thiols, ethers,
alkenes, alkynes, epoxides, aziridines, oxiranes, azetidines, dihydrofurans, pyrroli-
dines, pyrans, piperidines, aldehydes, ketones, esters, carboxylic acids, carbox-
ylates, imines, imides, azides, azo groups, eneamines, alkyl halides, alkenyl halides,
alkynyl halides, aryl halides, phosphines, phosphine oxides, phosphinites, phosphon-
ites, phosphites, phosphonates, phosphates, sulfates, sulfoxides, sulfonyl groups,
sulfoxyl groups, sulfonates, nitrates, nitrites, nitriles, nitro groups, nitroso groups, cy-
anates, thiocyanates, isothiocyanates, carbonates, acyl halides, peroxides, hydrop-
eroxides, hemiacetals, hemiketals, acetals, ketals, orthoesters, orthocarbonate es-
ters, sulfides, disulfides, sulfonic acids, sulfonic acids, thiones, thials, phos-
phodiesters, boronic acids, boronic esters, boronic acids and boronic esters.

[0104] The terms "treating," "treat," or "treatment" refer to a therapeutic treatment
where the object is to slow down (e.g., lessen or postpone) the onset of an undesired
physiological condition, to reduce symptoms of a present disorder or disease, or to
obtain beneficial or desired results, such as partial or total restoration or inhibition in
decline of a parameter, value, function, metric, or result that had or would become
abnormal. Beneficial or desired results include alleviation of symptoms; diminishment
of the extent or vigor or rate of development of the condition, disorder or disease;
stabilization (i.e., not worsening) of the state of the condition, disorder or disease;
delay in onset or slowing of the progression of the condition, disorder or disease;
amelioration of the condition, disorder or disease state; and remission (whether par-
tial or total), whether or not it translates to immediate lessening of actual clinical
symptoms, or enhancement or improvement of the condition, disorder or disease.

[0105] The term "reagent(s) capable of specifically detecting gene expression" refers
to reagents capable of or sufficient to detect the expression of various genes de-
scribed herein. Examples of suitable reagents include nucleic acid primers or probes
capable of specifically hybridizing to mMRNA or cDNA and antibodies (e.g., monoclo-
nal or polyclonal antibodies).

[0106] The term "toxic" refers to any detrimental or harmful effects on a subject, a
cell, or a tissue as compared to the same cell or tissue prior to the administration of
the toxicant.

COMPOUNDS AND COMPOSITIONS

[0107] The present disclosure is directed to selenoorganic compounds, composi-
tions, and methods of using the compounds and compositions. The compounds and
compositions disclosed herein may replace insulin, enhance insulin activity, inhibit
glucose production, or modulate glucose metabolism in various biological pathways.
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Compositions, compounds and methods of the present disclosure do not appear to
adversely affect glucose metabolism in liver cells so they may also be used to treat or
prevent Noninsulin-Dependent (Type Il) Diabetes Mellitus.

[0108] One embodiment of the present disclosure is directed to a composition com-
prising or consisting essentially of a compound of Formula (1):
Ry

\N/Rz
N
Rg\(/
" \— n
7\86 O. N_,/J
/ Sk
Rs; 6
@D
@] @)
||
Rs R,

or a pharmaceutically acceptable salt, hydrate, or prodrug thereof.

[0109] R1 is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR', where R' is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl, or heterocyclyl; or
R1 together with Rz form a heterocyclic ring having 4 to 8 ring members with at least
one heteroatom selected from oxygen or nitrogen.

[0110] Rz is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR', where R' is selected from alkyl, cycloalkyl, aryl, aralkyl, or heterocyclyl; or
R1 together with Rz form a heterocyclic ring having 4 to 8 ring members with at least
one heteroatom selected from oxygen or nitrogen.

[0111] Rs is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, carboxyl, or C-amido;
or R3 together with R4 and the atoms to which they are attached form a heterocyclic
ring having 4 to 8 ring members with at least one heteroatom selected from oxygen
or nitrogen.

[0112] R4 is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, carboxyl, or C-amido;
or R3 together with R4 and the atoms to which they are attached form a heterocyclic
ring having 4 to 8 ring members with at least one heteroatom selected from oxygen
or nitrogen.

[0113] Rs is oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR', or is absent; where R' is se-
lected from alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or aralkyl.

[0114] Rs is oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR', or is absent; where R' is se-
lected from alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or aralkyl.

[0115] Rz is a C3-C1s alkyl, wherein the C3-C1s alkyl is not a substituted alkyl having
both a carboxyl group and an amino group, alkenyl, alkynyl, ketone, amino alcohol,
amino acid selected from the group consisting of arginine, histidine, lysine, aspartic
acid, glutamic acid, serine, threonine, asparagine, glutamine, cysteine, selenocyste-
ine, glycine, proline, alanine, valine, isoleucine, leucine, methionine, phenylalanine,
tyrosine, and tryptophan, OR', Se-R', S- R', where R' for OR' is selected from the
group consisting of H, alkyl, cycloalkyl, aryl, aralkyl, and heterocyclyl, where R' for
Se-R' is selected from the group consisting of H, C3-C1s alkyl, cycloalkyl, aryl, aralkyl,
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and heterocyclyl, where R' for S-R' is selected from the group consisting of H, Cs-
C16 alkyl, cycloalkyl, aryl, aralkyl, and heterocyclyl; and
Rs is hydrogen, azido, alkyl, alkenyl, alkynyl.

[0116] An additional embodiment of the compositions described herein may comprise
or consist essentially of 5'-Methylselenoadenosine ("Compound C"), and/or pharma-
ceutically acceptable salts thereof. Compound C is (2R,4S,5S)-2-(6-amino-9H-purin-
9-y1)-5-((methylselanyl)methyl)tetrahydrofuran-3,4-diol (CAS Registry Number 5135-

40-0), and includes pharmaceutically acceptable salts thereof.
Hy

Nse o N,./
"Compound C"

HO OH

[0117] A composition of the present disclosure may comprise or consist essentially of
a compound of Formula (1), Compound C, and combinations thereof. For example,
one aspect of the present application provides compositions comprising a compound
selected from the group consisting of 5'-Methylselenoadenosine, a compound of
Formula (l), and combinations thereof. In further embodiments, one or more of these
compounds can be synthetic, isolated, and/or purified.

[0118] In some embodiments, the composition comprises or consists essentially of at
least 5'-Methylselenoadenosine, and one other compound. In other embodiments,
the other compound is a selenium-containing compound. In further embodiments, the
composition comprises a ratio of 5'-Methylselenoadenosine to the other compound
(e.g., a selenium- containing compound) of at least 1:1 to 100:1, 1:1 to 50:1,1:1 to
10:1,1:1to 6:1, or 1:1 to 3:1.

[0119] In some embodiments, a composition is provided comprising or consisting
essentially of a compound according to Formula (1), or a pharmaceutically acceptable
salt, hydrate, or prodrug thereof, wherein R1, R3, R4 and Rs are each H; Rz is H, acyl,
alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R', or C(O)OR', where R' is
selected from alkyl, cycloalkyl, aryl, aralkyl, or heterocyclyl; Rs and Re are each ab-
sent; and R7 is a C3-C1s alkyl, wherein the C3-C16 alkyl is not a substituted alkyl hav-
ing both a carboxyl group and an amino group, alkenyl, alkynyl, ketone, amino alco-
hol, amino acid selected from the group consisting of arginine, histidine, lysine, as-
partic acid, glutamic acid, serine, threonine, asparagine, glutamine, cysteine, seleno-
cysteine, glycine, proline, alanine, valine, isoleucine, leucine, methionine, phenylala-
nine, tyrosine, and tryptophan, OR', Se-R’, S- R', where R' for OR' is selected from
the group consisting of H, alkyl, cycloalkyl, aryl, aralkyl, and heterocyclyl, where R' for
Se-R' is selected from the group consisting of H, C3-C1s alkyl, cycloalkyl, aryl, aralkyl,
and heterocyclyl, where R' for S-R' is selected from the group consisting of H, Cs-
C1s alkyl, cycloalkyl, aryl, aralkyl, and heterocyclyl.

[0120] In a specific embodiment, a composition is provided comprising or consisting
essentially of at least about 0.033% (w/v) to at least about 0.1% (w/v) of a compound,
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or a pharmaceutically acceptable salt, hydrate, or prodrug thereof, according to For-
mula (1) or 5'-Methylselenoadenosine ("Compound C"). In another embodiment, the
composition excludes 5'-Selenoadenosyl homocysteine and/or Gamma-L-glutamyl-
Se-methyl-L-selenocysteine. In yet further embodiments, the composition excludes
one or more of 5'-Methylthioadenosine, S-Adenosyl-L-homocysteine, and Gamma-
glutamyl-methyl-cysteine. In some embodiments, compositions comprise a com-
pound according to Formula (1), or 5'-Methylselenoadenosine ("Compound C"), or a
pharmaceutically acceptable salt, hydrate, or prodrug thereof, with the proviso that
one or more of 5'-Methylthioadenosine, Gamma-glutamyl-methyl-cysteine, or adeno-
syl homocysteine, homocysteine, or methionine are excluded.

[0121] In some embodiments, a composition is provided comprising a compound ac-
cording to Formula (l), or a pharmaceutically acceptable salt, hydrate, or prodrug
thereof, wherein R1,Rs3, R4 and Rs are each H; Rz is H, acyl, alkyl, alkenyl, alkynyl,
aralkyl, carboxyl, cycloalkyl, C(O)R', or C(O)OR', where R' is selected from alkyl, cy-
cloalkyl, aryl, aralkyl, or heterocyclyl; Rs and Rs are each absent; and Rz is alkyl se-
lected from the group consisting of iso-propyl, butyl, iso-butyl, secondary-butyl, ter-
tiary-butyl, pentyl, iso-pentyl, neo-pentyl, hexyl, iso-hexyl, 3-methylpentyl, 2,3-
dimethylbutyl, neo-hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl,
tetradecyl, pentadecyl, and hexadecyl , or amino acid.

[0122] In some embodiments, a composition is provided comprising or consisting
essentially of a compound according to Formula (1), or 5'-Methylselenoadenosine
("Compound C") or a pharmaceutically acceptable salt, hydrate, or prodrug thereof,
wherein R1, R3, R4 and Rs are each H; Rz is H, acyl, alkyl, alkenyl, alkynyl, aralkyl,
carboxyl, cycloalkyl, C(O)R', C(O)OR', where R' is selected from alkyl, cycloalkyl, ar-
yl, aralkyl, or heterocyclyl; Rs and Rs are each absent; and Ry is alkyl or amino acid,;
with the proviso that 5'-selenoadenosyl methionine, dehydroxy 5'-
methylselenoadenosine, ethylselenoadenosine, seleno(hydroxyl)-selenophene-(3'-
deoxy-adenosine), allylselenoadenosyl homocysteine, seleno-adenosyl homocyste-
ine, seleno-hydroxy adenosyl homocysteine, seleno adenosine, seleno-adenosyl-
Se(methyl)-selenoxide, adenosyl-hydroxy selenoxide, ethyl selenoadenosine, seleno-
(hydroxy)-selenophene-(3 '-desoxy-adenosine), adenosyl-hydroxy selnoxide, and
seleno-adenosyl-Se(methyl)-selenoxide may each be excluded from the composition.

[0123] In some embodiments of the present disclsoure, a composition is provided
comprising or consisting essentially of a compound according to Formula (I), or a
pharmaceutically acceptable salt, hydrate, or prodrug thereof, wherein Rz is an alkyl
selected from the group consisting of iso-propyl, butyl, iso-butyl, secondary-butyl,
tertiary-butyl, pentyl, iso-pentyl, neo-pentyl, hexyl, iso-hexyl, 3-methylpentyl, 2,3-
dimethylbutyl, neo-hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl,
tetradecyl, pentadecyl, and hexadecyl, alkenyl, alkynyl, ketone, amino alcohol, an
amino acid selected from the group consisting of arginine, histidine, lysine, aspartic
acid, glutamic acid, serine, threonine, asparagine, glutamine, cysteine, selenocyste-
ine, glycine, proline, alanine, valine, isoleucine, leucine, methionine, phenylalanine,
tyrosine, and tryptophan , OR', Se-R', where R' is selected from an alkyl selected
from the group consisting of iso-propyl, butyl, iso-butyl, secondary-butyl, tertiary-
butyl, pentyl, iso-pentyl, neo-pentyl, hexyl, iso-hexyl, 3-methylpentyl, 2,3-
dimethylbutyl, neo-hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl,
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tetradecyl, pentadecyl, and hexadecyl, cycloalkyl, aryl, aralkyl, or heterocyclyl, and
Rs is hydrogen, azido, alkyl, alkenyl, alkynyl.

[0124] In some embodiments, compositions of the present disclosure comprise or
consist of a compound according to Formula (), 5'-Methylselenoadenosine ("Com-
pound C"), or a pharmaceutically acceptable salt, hydrate, or prodrug thereof, with
the proviso that 5'-selenoadenosyl methionine, dehydroxy 5'-methylselenoadenosine,
ethylselenoadenosine, seleno(hydroxyl)-selenophene-(3'-deoxy-adenosine), allylse-
lenoadenosyl homocysteine, seleno-adenosyl homocysteine, seleno-hydroxy adeno-
syl homocysteine, seleno adenosine, seleno-adenosyl-Se(methyl)-selenoxide, ade-
nosyl-hydroxy selenoxide, ethyl selenoadenosine, seleno-(hydroxy)-selenophene-(3'-
desoxy-adenosine), adenosyl-hydroxy selnoxide, and seleno-adenosyl-Se(methyl)-
selenoxide may each be excluded from the composition.

[0125] In other embodiments, a composition is provided comprising or consisting es-
sentially of one or more compounds according to one or more of Formula (1) or 5'-
Methylselenoadenosine ("Compound C"), wherein each of the following compounds
is excluded from the composition in order to minimize selenium toxicity, remove inac-
tive or inhibitory compounds, and/or maximize the therapeutic index of the composi-
tion, wherein the excluded compounds are y -glutamoyl selenocysteine-y-glutamoyl
cysteine, y-glutamoylcysteine-2,3-DHP-selenocysteine, di-y- glutamoylselenocyste-
ine, selenoglutathione-y-glutamoylcysteine, y-glutamoyl selenocysteine-y-glutamoyl

cysteine, y-glutamoylcysteine-2,3-DHP-selenocysteine, di-y-glutamoylselenocysteine,

selenoglutathione-y-glutamoylcysteine, dehydroxy 5'-methylselenoadenosine,
ethylselenoadenosine, seleno(hydroxyl)-selenophene-(3'-deoxy-adenosine), allylse-
lenoadenosyl homocysteine, seleno-adenosyl homocysteine, seleno-hydroxy adeno-
syl homocysteine, seleno adenosine, seleno-adenosyl-Se(methyl)-selenoxide, ade-
nosyl-hydroxy selenoxide, ethyl selenoadenosine, seleno-(hydroxy)-selenophene-(3

'-desoxy-adenosine), adenosyl-hydroxy selenoxide, and seleno-adenosyl-Se(methyl)-

selenoxide.

[0126] Another embodiment of the composition of the present disclosure comprises
or consists essentially of a compound according to Formula (l1):

2
\ N
R1g R N
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\n)\/\se o N ’,J
7\

(e} (0]

| ] @

Ry Ry
or a pharmaceutically acceptable salt, hydrate, or prodrug thereof, wherein
R1is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R', C(O)OR',
wherein R' is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl, or heterocyclyl; or
R1 together with Rz form a heterocyclic ring having 4 to 8 ring members with at least
one heteroatom selected from oxygen or nitrogen;
Rz is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R', C(O)OR',
wherein R' is selected from alkyl, cycloalkyl, aryl, aralkyl, or heterocyclyl; or
R1 together with Rz form a heterocyclic ring having 4 to 8 ring members with at least
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one heteroatom selected from oxygen or nitrogen;

Rs is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, carboxyl, or C-amido; or

R3 together with R4 and the atoms to which they are attached form a heterocyclic ring
having 4 to 8 ring members with at least one heteroatom selected from oxygen or
nitrogen;

R4 is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, carboxyl, or C-amido; or

R3 together with R4 and the atoms to which they are attached form a heterocyclic ring
having 4 to 8 ring members with at least one heteroatom selected from oxygen or
nitrogen;

Rs is oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR', or is absent; wherein R' is selected
from alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or aralkyl;

Rs is oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR', or is absent; wherein R' is selected
from alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or aralkyl;

Rs is hydrogen, azido, alkyl, alkenyl, alkynyl;

Ro is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R', C(O)OR',
where R' is alkyl, cycloalkyl, aryl, aralkyl, or heterocyclyl; or Re together with R1o form
a heterocyclic ring having 4 to 8 ring members with at least one heteroatom selected
from oxygen or nitrogen;

Ri1o is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R', C(O)OR',
where R' is selected from alkyl, cycloalkyl, aryl, aralkyl, or heterocyclyl; or Re together
with R1o form a heterocyclic ring having 4 to 8 ring members with at least one het-
eroatom selected from oxygen or nitrogen; and

R11is OR, alkoxy, aralkoxy, or amino, where R is selected from alkyl, cycloalkyl, aryl,
aralkyl, heterocyclyl, or a pharmaceutically acceptable salt, or inner salt.

[0127] An additional embodiment of the compositions described herein comprises or
consists essentially of 5'-Selenoadenosyl homocysteine ("Compound D"), and in-
cludes pharmaceutically acceptable salts thereof Compound D is (2R)-2-amino-4-
((((28,3S,5R)-5-(6-amino-9H-purin-9-yl)-3,4-dihydroxytetrahydrofuran-2-
yh)methyl)selanyl)butanoic acid (CAS Registry Number 4053-91-2), and includes
pharmaceutically acceptable salts thereof.

NH-»
/N
He NH2 ( / Ny
HO N N
o
"Compound D"

HO OH

[0128] A composition of the present disclosure may comprise or consist essentially of
Formula (II), Compound D, and combinations thereof. For example, one aspect of the
present application provides compositions comprising a compound selected from the
group consisting of 5'-selenoadenosyl homocysteine, a compound of Formula (l1),
and combinations thereof. In further embodiments, one or more of these compounds
can be synthetic, isolated, and/or purified.

[0129] In some embodiments of Formula (ll), a composition comprises or consists
essentially of at least 5'-selenoadenosyl homocysteine ("Compound "D") and one
other compound. In some embodiments, the composition comprises a ratio of 5'-
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selenoadenosyl homocysteine to one other selenium containing compound of at least
1:1to 100:1, 1:1 to 50:1, 1:1 t0 10:1, 1:1 to 6:1, or 1:1 to 3:1. In embodiments, the
other compound is 5'-methylselenoadenosine. In embodiments, the other compound
is y-L-glutamyl-Se-methyl-L-selenocysteine.

[0130] In some embodiments, a composition is provided comprising or consisting
essentially of a compound according to Formula (1), or a pharmaceutically accepta-
ble salt, hydrate, or prodrug thereof, wherein R1, R3, R4, Rs and Re are each H; Rz is
H, acyl, alkyl, carboxyl, C(O)R', or C(O)OR', where R' is selected from alkyl, cycloal-
kyl, aryl, aralkyl, or heterocyclyl; Rs and Rs are absent; R1o is H, acyl, alkyl, alkenyl,
alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R', C(O)OR', where R' is selected from al-
kyl, cycloalkyl, aryl, aralkyl, or heterocyclyl; and R11 is OR, alkoxy, aralkoxy, or ami-
no, where R is selected from alkyl, cycloalkyl, aryl, aralkyl, heterocyclyl, or a pharma-
ceutically acceptable salt, or inner sailt.

[0131] In some embodiments, a composition is provided comprising or consisting
essentially of a compound according to Formula (1), or a pharmaceutically accepta-
ble salt, hydrate, or prodrug thereof, wherein R1, Rz, R3, R4, Rs, Rs, R7, Rs, Ro, R10 are
as defined above and wherein R11 is OR, where R is selected from methyl, ethyl,
propyl, isopropyl, butyl, sec-butyl, or tert-butyl.

[0132] In a specific aspect, a composition is provided comprising or consisting essen-
tially of a compound according to Formula (ll), or a pharmaceutically acceptable salt,
hydrate, or prodrug thereof, 5'-selenoadenosyl homocysteine ("Compound "D"), or a
pharmaceutically acceptable salt, hydrate, or prodrug thereof.

[0133] In some embodiments, compositions comprise or consist essentially of a
compound according to Formula (ll), selenoadenosyl homocysteine ,or a pharmaceu-
tically acceptable salt, hydrate, or prodrug thereof; with the proviso that one or more
of adenosyl homocysteine, 5'-selenoadenosyl methionine, allylselenoadenosyl ho-
mocysteine, and seleno-hydroxy adenosyl homocysteine may each be excluded from
the composition. In embodiments, a composition excludes one or more compounds
one or more of 5'-Methylthioadenosine, Gamma-glutamyl-methyl-cysteine, or adeno-
syl homocysteine, homocysteine or methionine.

[0134] A further embodiment of the composition of the present disclosure may com-
prise or consist essentially of a compound according to Formula (lll):

Rs
Rq\
/N&H S,R7

R 0 /™R
? oRe
Re
or a pharmaceutically acceptable salt, hydrate, or prodrug thereof, wherein
R1is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R', C(O)OR',
wherein R' is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl, or heterocyclyl; or
R1 together with Rz form a heterocyclic ring having 4 to 8 ring members with at least
one heteroatom selected from oxygen or nitrogen;
Rz is H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R', C(O)OR',
wherein R' is selected from alkyl, cycloalkyl, aryl, aralkyl, or heterocyclyl; or
R1 together with Rz form a heterocyclic ring having 4 to 8 ring members with at least
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one heteroatom selected from oxygen or nitrogen;

Rs3 is OH, OR, alkoxy, aralkoxy, or amino, where R is selected from alkyl, cycloalkyl,
aryl, aralkyl, heterocyclyl, or a pharmaceutically acceptable salt, or inner sal;

R4 is alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl, heterocyclyl, or a pharmaceutical-
ly acceptable salt, or inner salt;

Rs is oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR', or is absent; wherein R' is selected
from alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or aralkyl;

Rs is oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR', or is absent; wherein R' is selected
from alkyl, alkenyl, alkynyl, cycloalkyl, aryl, or aralkyl; and

Rz is a C3-C1s alkyl, wherein the C3-C1s alkyl is not a substituted alkyl having both a
carboxyl group and an amino group, alkenyl, alkynyl, ketone, amino alcohol, amino
acid selected from the group consisting of arginine, histidine, lysine, aspartic acid,
glutamic acid, serine, threonine, asparagine, glutamine, cysteine, selenocysteine,
glycine, proline, alanine, valine, isoleucine, leucine, methionine, phenylalanine, tyro-
sine, and tryptophan, OR', Se-R', S- R', wherein R' for OR' is selected from the group
consisting of H, alkyl, cycloalkyl, aryl, aralkyl, and heterocyclyl, where R' for Se-R' is
selected from the group consisting of H, C3-C1s alkyl, cycloalkyl, aryl, aralkyl, and
heterocyclyl, wherein R' for S-R' is selected from the group consisting of H, Cs-

C1s alkyl, cycloalkyl, aryl, aralkyl, and heterocyclyl.

[0135] An additional embodiment of the compositions described herein may comprise
or consist essentially of Gamma (y)-L-glutamyl-Se-methyl-L-selenocysteine ("Com-
pound E"), and includes pharmaceutically acceptable salts thereof. Compound E is
N5-(1-carboxy-2-(methylselanyl)ethyl)-L-glutamine, and includes pharmaceutically
acceptable salts thereof.

0)
oH "Compound E"
H,N H
2 N /CH3
C
(@]
HO O

[0136] A composition of the present disclosure may comprise or consist essentially of
Formula (Ill), Compound E, and combinations thereof. For example, one aspect of
the present application provides compositions comprising a compound selected from
the group consisting of Gamma (y)-L-glutamyl-Se-methyl-L-selenocysteine, a com-
pound of Formula (lll), and combinations thereof. In further embodiments, one or
more of these compounds can be synthetic, isolated, and/or purified.

[0137] One aspect of the present application provides compositions comprising a
compound selected from the group consisting of Gamma-L-glutamyl-Se-methyl-L-
selenocysteine, a compound of Formula (lll) and combinations thereof. In further em-
bodiments, one or more of these compounds can be isolated and/or purified. In em-
bodiments, a composition comprises at least 0.033% (w/v) of one of the compounds.

[0138] In embodiments, a composition comprises at least Gamma-L-glutamyl-Se-
methyl-L-selenocysteine and one other compound. In some embodiments, the com-
position comprises a ratio of Gamma-L-glutamyl-Se-methyl-L-selenocysteine to one
other selenium containing compound of at least 1:1 to 100:1, 1:1 to 50:1, 1:1 to 10:1,
1:1to 6:1, or 1:1 to 3:1. In embodiments, the other compound is 5'-methyl se-
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lenoadenosine. In embodiments, the other compound is Gamma (y)-L-glutamyl-
methyl-L-cysteine.

[0139] In a specific aspect, a composition is provided comprising a compound ac-
cording to Formula (lll), or a pharmaceutically acceptable salt, hydrate, or prodrug
thereof, Gamma-L-glutamyl-Se-methyl-L-selenocysteine ("Compound E"), or a phar-
maceutically acceptable salt, hydrate, or prodrug thereof in a ratio to one other sele-
nium containing compound in the composition of at least 1:1.

[0140] In some embodiments, a composition comprises a compound according to
Formula (Ill), Gamma-L-glutamyl-Se-methyl-L-selenocysteine, or a pharmaceutically
acceptable salt, hydrate, or prodrug thereof, with the proviso that one or more of y-
glutamoyl selenocysteine- y -glutamoyl cysteine, y-glutamoylcysteine-2,3-DHP-
selenocysteine, di-y-glutamoylselenocysteine, selenoglutathione-y-
glutamoylcysteine,y-glutamoyl selenocysteine-y-glutamoyl cysteine, y-
glutamoylcysteine-2,3-DHP-selenocysteine, di-y-glutamoylselenocysteine and se-
lenoglutathione-y-glutamoylcysteine may each be excluded from the composition.

[0141] In some embodiments, a composition comprises a compound according to
Formula (Ill), Gamma-L-glutamyl-Se-methyl-L-selenocysteine,or a pharmaceutically
acceptable salt, hydrate, or prodrug thereof, with the proviso that one or more of 5'-
Methylthioadenosine, Gamma-glutamyl-methyl-cysteine, or adenosyl homocysteine,
homocysteine or methionine are excluded.

[0142] Another aspect of the present application provides analogs or derivatives of
the biologically active selenium-containing compounds described herein, e.g., Formu-
las (1), (II), and (lll). Analogs and/or derivatives of the selenium-containing com-
pounds can be prepared synthetically. For example, one embodiment of Formulas (1),
(I, and (lll) comprises any analog, derivative or pharmaceutically acceptable salts
thereof. Another embodiment of the present composition comprises a compound of
Formulas (1), (Il), and (lll), and combinations thereof.

[0143] Additional aspects of the composition of the present disclosure may comprise,
consist essentially of, or consist of mixtures of the compounds described herein. For
example, one embodiment of the present composition is "Compounds CDE." Com-
pounds CDE comprises a mixture of Compound C, Compound D and Compound E,
and any analogs, derivatives, and/or pharmaceutically acceptable salts thereof.
Compounds CE comprises a mixture of Compound C and Compound E, and any an-
alogs, derivatives, and/or pharmaceutically acceptable salts thereof. Compounds DE
comprises a mixture of Compound D and Compound E, and any analogs, derivatives,
and/or pharmaceutically acceptable salts thereof.

[0144] In some embodiments, a composition of the present application comprises,
consists essentially of, or consists of at least about 0.033% (w/v) to at least about
0.1% (w/v) of one of the compounds: Compound C, Compound D, Compound E,
Compounds CDE, Formula (1), Formula (Il), Formula (lll), or mixtures thereof. For
example, a composition may comprise at least 0.033% (w/v), at least 0.05% (w/v), at
least 0.1% (w/v), at least about 0.033% (w/v), at least about 0.05% (w/v), at least
about 0.1% (w/v), at least about 0.033% (w/v) to at least about 0.1% (w/v) or at least
about 0.05% (w/v) to at least about 0.1% (w/v) of Compound C, Compound D, Com-
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pound E, a compound according to Formula (1), Formula (ll), Formula (lll), Com-
pounds CDE, or mixtures thereof.

[0145] For example, in some embodiments, the composition comprises at least about
0.033% (w/v) to at least about 0.035% (w/v), at least about 0.033% to at least about
0.040% (w/v), at least about 0.033% to at least about 0.045% (w/v), at least about
0.033% to at least about 0.050% (w/v), at least about 0.033% to at least about
0.055% (w/v), at least about 0.033% to at least about 0.060% (w/v), at least about
0.033% to at least about 0.065% (w/v), at least about 0.033% to at least about
0.070% (w/v), at least about 0.033% to at least about 0.075% (w/v), at least about
0.033% to at least about 0.080% (w/v), at least about 0.033% to at least about
0.085% (w/v), at least about 0.033% to at least about 0.090% (w/v), at least about
0.033% to at least about 0.095% (w/v), or at least about 0.033% to at least about
0.1% (w/v) of one compound of Formula (1), Formula (I), Formula (11l), Compound C,
Compound D, Compound E, Compounds CDE, or mixtures thereof, and all percent
range values in between.

[0146] For example, in some embodiments, the composition comprises at least about
0.05% to at least about 0.060% (w/v), at least about 0.05% to at least about 0.065%
(w/v), at least about 0.05% to at least about 0.070% (w/v), at least about 0.05% to at
least about 0.075% (w/v), at least about 0.05% to at least about 0.080% (w/v), at
least about 0.05% to at least about 0.085% (w/v), at least about 0.05% to at least
about 0.090% (w/v), at least about 0.05% to at least about 0.095% (w/v), or at least
about 0.05% to at least about 0.1% (w/v) of one compound of Formula (l), Formula
(1), Formula (111), Compound C, Compound D, Compound E, Compounds CDE, or
mixtures thereof, and all percent range values in between.

[0147] In other embodiments, the composition comprises about 0.033% (w/v) to
about 99.9% (w/v), about 0.033% to about 90% (w/v), about 0.033% to about 80%
(w/v), about 0.033% to about 70% (w/v), about 0.033% to about 60% (w/v), about
0.033% to about 50% (w/v), about 0.033% to about 40% (w/v), about 0.033% to
about 30% (w/v), about 0.033% to about 20% (w/v), about 0.033% to about 10%
(w/v), about 0.033% to about 5% (w/v), or about 0.033% to about 1% (w/v) of one
compound of Formula (1), Formula (ll), Formula (1), Compound C, Compound D,
Compound E, Compounds CDE, or mixtures thereof, and all percent range values in
between.

[0148] In other embodiments, the composition comprises about 0.05% (w/v) to about
99.9% (w/v), about 0.05% to about 90% (w/v), about 0.05% to about 80% (w/v),
about 0.05% to about 70% (w/v), about 0.05% to about 60% (w/v), about 0.05% to
about 50% (w/v), about 0.05% to about 40% (w/v), about 0.05% to about 30% (w/v),
about 0.05% to about 20% (w/v), about 0.05% to about 10% (w/v), about 0.05% to
about 5% (w/v), or about 0.05% to about 1% (w/v) of one compound of Formula (1),
Formula (Il), Formula (11l), Compound C, Compound D, Compound E, Compounds
CDE, or mixtures thereof, and all percent range values in between.

[0149] In further embodiments, the composition comprises about 0.1% (w/v) to about
99.9% (w/v), about 0.1% to about 90% (w/v), about 0.1% to about 80% (w/v), about
0.1% to about 70% (w/v), about 0.1% to about 60% (w/v), about 0.1% to about 50%
(w/v), about 0.1% to about 40% (w/v), about 0.1% to about 30% (w/v), about 0.1% to
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about 20% (w/v), about 0.1% to about 10% (w/v), about 0.1% to about 5% (w/v), or
about 0.1% to about 1% (w/v) of one compound of Formula (1), Formula (ll), Formula
(I, Compound C, Compound D, Compound E, Compounds CDE, or mixtures there-
of, and all percent range values in between.

[0150] In other embodiments, a composition comprises at least about 0.033% (w/v)
to at least about 0.1% (w/v) or at least about 0.05% (w/v) to at least about 0.1% (w/v)
of a compound of Formula (1), Formula (ll), Formula (lIl), Compound C, Compound D,
Compound E, Compounds CDE, or a mixture thereof.

[0151] In embodiments, a composition comprises at least 5'-Methylselenoadenosine
and one other compound. In some embodiments, the composition comprises a ratio
of 5'-Methylselenoadenosine to one other selenium containing compound of at least
1:1to 100:1, 1:1 to 50:1, 1:1 t0 10:1, 1:1 to 6:1, or 1:1 to 3:1. In embodiments, the
other compound is 5'-selenoadenosyl homocysteine. In other embodiments, the other
compound is L-glutamyl-Se-methyl-L-selenocysteine.

[0152] In other embodiments, compositions may exclude one or more of 5'-
Methylthioadenosine ("Compound H"), S-Adenosyl-L-homocysteine ("Compound 1"),
Gamma-glutamyl-methyl-cysteine ("Compound J"), Gamma-L-glutamyl-Se-methyl-L-
selenocysteine, Se-adenosylhomocysteine, or glutamyl selenocysteine, because one
or more of these compounds may be unnecessary to the composition or inhibitory to
other compounds in the composition.

[01563] One aspect of the present application provides compositions comprising at
least two compounds selected from the group consisting of 5'-
Methylselenoadenosine, Se-Adenosyl-L-homocysteine, Gamma-glutamyl-
methylseleno-cysteine, a compound of Formula (1), a compound of Formula (1), a
compound of Formula (lll) and combinations thereof. In further embodiments, one or
more of these compounds can be synthetic, isolated and/or purified.

[0154] One aspect of the present application is directed to 5'-Methylselenoadenosine
("Compound C"), Se-Adenosyl-L-homocysteine ("Compound D"), L-glutamyl-Se-
methyl-L-selenocysteine ("Compound E") and analogs thereof. Some embodiments
include a composition comprising a compound of Formula (1), Formula (ll) and/or
Formula (lll) and mixtures thereof, and a carrier.

[0155] According to the present invention, the composition comprises at least three
different compounds selected from the group consisting of: 5'-
Methylselenoadenosine, Se-Adenosyl-L-homocysteine, Gamma-glutamyl-
methylseleno-cysteine, a compound of Formula (1), a compound of Formula (1), and
a compound of Formula (lll) and mixtures thereof. In yet further embodiments, the
composition comprises at least about 0.033% (w/v) of at least one of these com-
pounds. In other embodiments, the composition comprises at least about 0.05% (w/v)
for each of two of these compounds. In yet another embodiment, the composition
comprises at least about 0.033% (w/v) for each of three of these compounds.

[0156] In further embodiments, one or more of these compounds of Formula (1),

Formula (lI) and Formula (lll) can be synthetic, isolated and/or purified. In embodi-
ments, compositions comprising compounds of Formula (I), Formula (lI) and Formula
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(I further comprise a carrier such as water, physiological saline, physiological buffer
including surfactants and stabilizing amino acids.

[0157] In some embodiments, a composition is provided comprising one or more
compounds according to one or more of Formula (I), Formula (Il) Formula (lll), Com-
pound C, Compound D, Compound E, Compounds CDE, or mixtures thereof, where-
in one or more of each of the following compounds is excluded from the composition
in order to minimize selenium toxicity, remove inactive or inhibitory compounds,
and/or maximize the therapeutic index of the composition, wherein the excluded
compounds are y -glutamoyl selenocysteine-y-glutamoyl cysteine, y - glutamoylcyste-
ine-2,3-DHP-selenocysteine, di-y -glutamoylselenocysteine, selenoglutathione-y-
glutamoylcysteine, y -glutamoyl selenocysteine-y-glutamoyl cysteine, y-
glutamoylcysteine-2,3-DHP-selenocysteine, di-y-glutamoylselenocysteine, selenoglu-
tathione-y-glutamoylcysteine, dehydroxy 5'-methylselenoadenosine, ethylse-
lenoadenosine, seleno(hydroxyl)-selenophene-(3'-deoxy-adenosine), allylselenoade-
nosyl homocysteine, seleno-adenosyl homocysteine, seleno-hydroxy adenosyl ho-
mocysteine, seleno adenosine, seleno-adenosyl-Se(methyl)-selenoxide, adenosyl-
hydroxy selenoxide, ethyl selenoadenosine, seleno-(hydroxy)-selenophene-(3'-
desoxy-adenosine), adenosyl-hydroxy selenoxide and seleno-adenosyl-Se(methyl)-
selenoxide.

[0158] In other embodiments of the present invention, a composition comprises at
least three different compounds selected from the group consisting of: 5'-
Methylselenoadenosine, Se-Adenosyl-L-homocysteine, Gamma-glutamyl-
methylseleno-cysteine, a compound of Formula (1), a compound of Formula (ll) and a
compound of Formula (lll) and mixtures thereof, and a carrier. In other embodiments,
a composition comprises at least three different compounds selected from the group
consisting of: 5'-Methylselenoadenosine, Se-Adenosyl-L-homocysteine, Gamma-
glutamyl-methylseleno-cysteine; and a carrier. In embodiments, each of the three
compounds is present in the composition at least about 0.033% (w/v).

[0159] In some embodiments, any of the compounds of the present application de-
scribed herein can be modified with a prodrug to prolong half-life. Prodrugs may also
be helpful to protect the compound against oxidation, to target the compound to a
tissue, or to allow the compound to pass the blood brain barrier.

[0160] In some embodiments, a prodrug comprises a selenoglycoside. Glycosides
include monosaccharides, disaccharides, and oligosaccharides. Saccharides can
include ribose, glucose, galactose, or mannose. For example, a galactose conjugat-
ed to a selenium moiety could target the compound to the liver.

[0161] In other embodiments, a prodrug comprises a selenazolidine. These com-
pounds provide for slow release of the compound.

[0162] In yet a further embodiment, a prodrug comprises conjugation of a selenoor-
ganic compound to a vitamin, such as Vitamin C or Vitamin E. These prodrug conju-
gates have improved protective effects.

[0163] In yet other embodiments, a prodrug may be a cytochrome P450 activated
prodrug, such as cyclic phosphates or phosphonates. Other embodiments of cyto-
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chrome P450 activated prodrugs improve bioavailability. In particular, nucleosides
have been modified with these molecules and provide for targeting of molecules to
the liver. Exemplary prodrugs include HepDirect prodrugs. Other embodiments of

cytochrome P450 activated prodrug improve bioavailability and are described

in Huttunen et al, Current Medicinal Chemistry 2008 15:2346.

[0164] In embodiments, any of the compounds of Formula (l), Formula (ll), Formula
(I, Compound C, Compound D, Compound E, or Compounds CDE, can be modi-
fied to reduce oxidation of selenium. In embodiments, compounds can form a dimer
through linkage between selenium atoms.

[0165] In embodiments, any of the of the compounds of Formula (l), Formula (l1),
Formula (IlI), Compound C, Compound D, Compound E, or Compounds CDE can be
modified by linkage to a tissue targeting agent or other agent for increasing half-life of
the compound. Tissue targeting agents may include any agent known in the art, in-
cluding antibodies specific for binding to a tissue specific antigen, a transferrin recep-
tor, or a prodrug as described herein.

[0166] In some embodiments, a composition of the invention is formulated to cross
the blood brain barrier. Compositions of the invention can be combined with an im-
plant material suitable for delivery to the brain, such as a polymeric biodegradable
implant or carrier. Such polymeric carriers include polyethylene glycol, poly lactides,
polyglycolides, polyorthoesters, polyvinyl pyrrolidone, and poly vinyl alcohols, and
ethylene-co-vinyl acetate.

[0167] In other embodiments, the compounds can be linked to or combined with a
nanoparticle carrier to deliver compositions to the brain and to provide for other tissue
targeting. Other nanoparticles include phospholipids, chitosan, lactic acid, and dex-
tran.

[0168] Microspheres and liposomes are additional carriers that may be used in the
present disclosure. For example, microspheres and liposomes may include
poly(lactic-co-glycolic) acid or PLGA carriers. In other embodiments, carrier delivery
of compositions to the brain or other body tissues can be targeted by using liposomes
or microspheres comprising an antibody, a transferrin receptor, or a prodrug as a tar-
geting agent. Tissue targeting may also involve receptor mediated transport, such as
with the insulin receptor or the transferrin receptor. These receptors can be integrat-
ed into liposomes or microspheres that also include the compositions as described
herein.

[0169] Lipid prodrugs are also suitable for use with the compounds of the invention.
By non-limiting example, certain lipid prodrugs are described in Hostetler et al., (1997
Biochem. Pharm. 53:1815-1822) and Hostetler et al., 1996 Antiviral Research 31:59-
67). Additional examples of suitable prodrug technology is described in WO
90/00555; WO 96/39831; WO 03/095665A2; U.S. Pat. Nos.

5,411,947 5,463,092; 6,312,662; 6,716,825; and U.S. Published Patent Application
Nos. 2003/0229225 and 2003/0225277. Such prodrugs may also possess the ability
to target the drug compound to a particular tissue within the patient, e.g., liver, as
described by Erion et al., (2004 J. Am. Chem. Soc. 126:5154-5163; Erion et al., Am.
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Soc. Pharm. & Exper. Ther. DOI: 10.1124/jept.104.75903 (2004); WO 01/18013
A1; U.S. Pat. No. 6,752,981).

[0170] Such prodrugs may also possess the ability to target the drug compound to a
particular tissue within the patient, e.g., liver, as described by Erion et al., (2004 J.
Am. Chem. Soc. 126:5154-5163; Erion et al., Am. Soc. Pharm. & Exper. Ther.
DOI:10.1124/jept.104.75903 (2004); WO 01/18013 A1; U.S. Pat. No. 6,752,981). By
way of non-limiting example, other prodrugs suitable for use with the compounds of
the invention are described in WO 03/090690; U.S. Pat. No. 6,903,081; U.S. Patent
Application No. 2005/0171060A1; U.S. Patent Application No. 2002/0004594A1; and
by Harris et al., (2002 Antiviral Chem & Chemo. 12: 293-300; Knaggs et al., 2000
Bioorganic & Med. Chem. Letters 10: 2075-2078.

[0171] In some embodiments, a composition is provided comprising one or more
compounds each according to Formula (1). In some aspects, the composition com-
prises 5'-methylselenoadenosine, or a pharmaceutically acceptable salt, hydrate, or
prodrug thereof; and 5'-selenoadenosyl homocysteine, or a pharmaceutically ac-
ceptable salt, hydrate, or prodrug thereof.

[0172] In some embodiments, a composition is provided comprising one or more
compounds each according to Formula (1) and Formula (lll). In some aspects, the
composition comprises 5'-methylselenoadenosine, or a pharmaceutically acceptable
salt, hydrate, or prodrug thereof; 5'-selenoadenosyl homocysteine, or a pharmaceuti-
cally acceptable salt, hydrate, or prodrug thereof, and gamma-L-glutamyl-Se-methyl-
L-selenocysteine, or a pharmaceutically acceptable salt, hydrate, or prodrug thereof.

[0173] In some embodiments, the composition comprises 5'-methylselenoadenosine,
or a pharmaceutically acceptable salt, hydrate, or prodrug thereof, and gamma-L-
glutamyl-Se-methyl-L-selenocysteine, or a pharmaceutically acceptable salt, hydrate,
or prodrug thereof.

[0174] In some embodiments, a composition is provided comprising one or more
compounds each according to Formula (1) and Formula (Il). In some embodiments, a
composition is provided comprising one or more compounds each according to For-
mula (1) and (lII).

[0175] In embodiments, any of the compositions described herein can further com-
prise a different therapeutic agent for modulating glucose metabolism or treating dia-
betes.

[0176] In some embodiments, the different therapeutic agent is insulin or an analog
thereof. Insulin analogs include fast acting insulin analogs and long acting insulin an-
alogs. Insulin analogs can have one or more amino acid changes. Fast acting insulin
analogs include Aspart, Glulisine and LisPro. Long acting insulins include NPH insu-
lin, Insulin detemir, Degludec insulin or Insulin glargine.

[0177] In an embodiment, the composition further comprises a different therapeutic
agent for modulating glucose metabolism or treating diabetes. In some embodiments,
the different therapeutic agent is insulin or an analog thereof. In some embodiments,
the different therapeutic agent is an insulin sensitizer, an insulin secretagogue or an
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incretin mimetic. Other exemplary therapeutic agents effective in the present compo-
sition may be used to treat diabetes include metformins, sulfonylureas, meglitinides,

D-phenylalanine derivatives, thiazolidinediones, DPP-4 inhibitors, alpha glucosidase
inhibitors, bile acid sequestrants and combinations thereof.

[0178] According to another aspect of the present invention, a pharmaceutical com-
position comprises a therapeutically-effective amount of one or more compounds of
the present invention or a pharmaceutically acceptable salt, ester or prodrug thereof,
together with a pharmaceutically acceptable diluent or carrier. Exemplary diluents
and carriers of the present invention are described in detail in the Definitions section
of this application. For example, in some embodiments, carriers can include water,
physiological saline, and aqueous buffered solutions containing surfactants or stabi-
lizing amino acids, such as histidine or glycine. In one embodiment of the present
application, the pharmaceutically acceptable carrier is pharmaceutically inert.

[0179] In some embodiments of the present application, compositions and/or formu-
lations comprising selenium can be administered to a subject alone, or in combina-
tion with other forms of selenium, drugs, small molecules, or in pharmaceutical com-
positions where it is mixed with excipient(s) or other pharmaceutically acceptable car-
riers. In other embodiments, compositions of the present application can be formulat-
ed using pharmaceutically acceptable carriers well known in the art in dosages suita-
ble for oral administration. The carriers may enable the pharmaceutical compositions
to be formulated as tablets, pills, capsules, liquids, gels, syrups, slurries, suspen-
sions, or for oral or nasal ingestion by a patient to be treated. In addition, composi-
tions comprising one or more compounds including 5'-Methylselenocadenosine, a
compound of Formula (1), and combinations thereof can be administered to a subject
(e.g., a patient) intravenously in a pharmaceutically acceptable carrier, such as phys-
iological saline.

[0180] The compositions may be formulated for any route of administration, in partic-
ular for oral, rectal, transdermal, subcutaneous, intravenous, intramuscular or in-
tranasal administration. The compositions may be formulated in any conventional
form, for example, as tablets, capsules, caplets, solutions, suspensions, dispersions,
syrups, sprays, gels, suppositories, patches and emulsions.

[0181] As is well known in the medical arts, dosages for any one subject may depend
upon many factors, including the patient's size, body surface area, age, the particular
compound to be administered, sex, time and route of administration, general health
and interaction with other drugs being concurrently administered. Depending on the
target sought to be altered by treatment, pharmaceutical compositions may be formu-
lated and administered systemically or locally.

[0182] Techniques known in the art for formulation and administration of therapeutic
compounds are sufficient to administer the compounds and compositions of the pre-
sent invention and may be found in the latest edition of "Remington's Pharmaceutical
Sciences" (Mack Publishing Co, Easton Pa.). The compositions of the present disclo-
sure may be formulated for any route of administration, in particular for oral, rectal,
transdermal, subcutaneous, intravenous, intramuscular or intranasal administration.
Suitable routes of administration may, for example, include oral or transmucosal ad-
ministration; as well as parenteral delivery, including intramuscular, subcutaneous,
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intramedullary, intrathecal, intraventricular, intravenous, intraperitoneal, or intranasal
administration.

[0183] For injection, a composition of the present application (e.g., a selenium-
containing composition) may be formulated in aqueous solutions, such as in physio-
logically compatible buffers such as Hanks' solution, Ringer's solution, or physiologi-
cally buffered saline. For tissue, organ, or cellular administration, penetrants appro-
priate to the particular barrier to be permeated are used in the formulation. Such
penetrants are generally known in the art.

[0184] Pharmaceutical compositions suitable for use in the present application in-
clude compositions wherein the active ingredients (e.g., 5'-Methylselenoadenosine,
Se-Adenosyl-L-homocysteine, Gamma-glutamyl-methylseleno-cysteine, a compound
of Formula (1), a compound of Formula (ll), a compound of Formula (lll) and mixtures
thereof ) are contained in an effective amount to achieve the intended purpose. For
example, in a preferred embodiment, an effective amount of a pharmaceutical com-
position comprises an amount of a compound selected from the group consisting of
5'-Methylselenoadenosine, Se-Adenosyl-L-homocysteine, Gamma-glutamyl-
methylseleno-cysteine, a compound of Formula (1), a compound of Formula (1), a
compound of Formula (lll) and mixtures thereof. Determination of effective amounts
is well within the capability of those skilled in the art, especially in light of the disclo-
sure provided herein.

[0185] Some selenium-containing compounds have been prepared synthetically, pu-
rified and screened in a bioactivity assay. Not all components and compounds found
in selenized yeast or a water extract thereof have biological activity when obtained
from such yeast and in fact, may be toxic to cells.

[0186] The compositions of the present disclosure may be formulated for any route of
administration, in particular for oral, rectal, transdermal, subcutaneous, intravenous,
intramuscular or intranasal administration. Suitable routes of administration may, for
example, include oral or transmucosal administration; as well as parenteral delivery,
including intramuscular, subcutaneous, intramedullary, intrathecal, intraventricular,
intravenous, intraperitoneal, or intranasal administration.

[0187] For injection, a composition of the present application (e.g., a selenium-
containing composition) may be formulated in aqueous solutions, such as in physio-
logically compatible buffers such as Hanks' solution, Ringer's solution, or physiologi-
cally buffered saline. For tissue or cellular administration, penetrants appropriate to
the particular barrier to be permeated are used in the formulation. Such penetrants
are generally known in the art.

[0188] In embodiments, compositions containing or synthetically formulated com-
pounds may comprise an equal amount of each selenium-containing component, for
example, a ratio of at least 1:1:1 of Gamma-glutamyl-methylseleno-cysteine to 5'-
Methylselenoadenosine to Se-Adenosyl-L-homocysteine. In other embodiments, a
composition may comprise at least two components in ratios of 1:1 to 100:1, 1:1 to
50:1,1:1t010:1, 1:1 to 6:1, or 1:1 to 3:1.

[0189] Compositions comprising one or more compounds including 5'-

47/93



DK/EP 3144001 T3

Methylselenoadenosine, Se-Adenosyl-L-homocysteine, Gamma-glutamyl-
methylseleno-cysteine, a compound of Formula (1), a compound of Formula (1), a
compound of Formula (lll) and combinations thereof can be administered to a subject
(e.g., a patient) intravenously in a pharmaceutically acceptable carrier such as physi-
ological saline. Standard methods for intracellular delivery of compounds can be
used (e.g., delivery via liposome). Such methods are well known to those of ordinary
skill in the art.

[0190] Compositions comprising selenium are useful for intravenous administration
as well as parenteral administration, such as intravenous, subcutaneous, intramuscu-
lar and intraperitoneal. For injection, a composition comprising selenium (e.g., a
pharmaceutical composition) of the present application may be formulated in aque-
ous solutions, preferably in physiologically compatible buffers such as Hanks' solu-
tion, Ringer's solution or physiologically buffered saline. For tissue or cellular admin-
istration, penetrants appropriate to the particular barrier to be permeated are used in
the formulation. Such penetrants are generally known in the art.

[0191] In some embodiments, pharmaceutical formulations can contain a disinte-
grant, gelatinized starch and a coating. In embodiments, disintegrants include cross-
linked polyvinyl pyrrolidone, gums, starches including gelatinized starch and cellulose
products. In embodiments, coatings include polyvinyl alcohol, cellulose derivatives
and methacryllic acid derivatives.

[0192] In some embodiments of the present application, compositions and/or formu-
lations comprising selenium can be administered to a subject alone, or in combina-
tion with other forms of selenium, drugs, small molecules, or in pharmaceutical com-
positions where it is mixed with excipient(s) or other pharmaceutically acceptable car-
riers. In embodiments, the compositions may include one or more amino acids or se-
leno amino acids, such as methionine, cysteine or selenocysteine in order to mini-
mize toxicity. In one embodiment of the present application, the pharmaceutically ac-
ceptable carrier is pharmaceutically inert. In another embodiment of the present ap-
plication, compositions comprising selenium may be administered alone to individuals
subject to, at risk of, or suffering from a disease or condition associated with glucose
metabolism.

[0193] The compositions may also be formulated in any conventional form, for exam-
ple, as tablets, capsules, caplets, solutions, suspensions, dispersions, syrups,
sprays, gels, suppositories, patches and emulsions. Compositions of the present ap-
plication, particularly compositions comprising 5'-Methylselenoadenosine, a com-
pound of Formula (1), and combinations thereof, may also be added to nutritional
drinks or food products (e.g., ENSURE, or POWERBAR), a multi-vitamin, nutritional
products, etc. to aid daily consumption.

METHODS OF USING COMPOUNDS AND COMPOSITIONS

[0194] Compounds and compositions of the present disclosure exhibit tissue specific-
ity regarding gene expression of genes relating to biological processes and transcrip-
tional activation/inactivation. For example, the present application relates to methods
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of using the compounds and compositions described herein to replace insulin, en-
hance insulin activity, enhance glucose sensitivity, inhibit glucose production, or
modulate glucose metabolism in various biological pathways of a subject. Thus,
compositions and compounds comprising selenium may be administered alone or in
combinations to an individual subject to, at risk of, or suffering from a disease or con-
dition associated with aberration of the genes described herein. For example, the
methods of the present application may find use in diagnosing or treating (e.g.,
prophylactically or therapeutically) a subject with a condition associated with Nonin-
sulin-dependent (Type Il) diabetes mellitus (DM).

[0195] In one embodiment of the present disclosure, a method of replacing insulin in
a subject comprises administering a composition to the subject, the composition
comprising at least three different compounds selected from the group consisting of:
5'-Methylselenoadenosine, Se-Adenosyl-L-homocysteine, Gamma-glutamyl-
methylseleno-cysteine, a compound of Formula (1), a compound of Formula (1), a
compound of Formula (lll), and combinations thereof. In another embodiment, an
effective amount of the composition replaces insulin in liver cells of the subject as
compared to liver cells of the subject not treated with the composition. In some em-
bodiments, the composition comprises at least three different compounds selected
from the group consisting of 5'-Methylselenoadenosine, Se-Adenosyl-L-
homocysteine, Gamma-glutamyl-methylseleno-cysteine, a compound of Formula (I),
a compound of Formula (Il), a compound of Formula (lll), and combinations thereof.
In embodiments, the composition comprises at least 0.05% (w/v) for each of the two
compounds. In other embodiments, the composition comprises at least 0.033% (w/v)
for each of the three compounds.

[0196] In another embodiment, a method of enhancing insulin activity in a subject
comprises administering a composition to the subject, the composition comprising at
least three different compounds selected from the group consisting of: 5'-
Methylselenoadenosine, Se-Adenosyl-L-homocysteine, Gamma-glutamyl-
methylseleno-cysteine, a compound of Formula (1), a compound of Formula (ll),a
compound of Formula (lll), and combinations thereof. In another embodiment, an
effective amount of the composition enhances insulin activity in liver cells of the sub-
ject as compared to liver cells of the subject not treated with the composition. In
some embodiments, the composition comprises at least three different compounds
selected from the group consisting of 5'-Methylselenoadenosine, Se-Adenosyl-L-
homocysteine, Gamma-glutamyl-methylseleno-cysteine, a compound of Formula (I),
a compound of Formula (Il), a compound of Formula (lll), and combinations thereof.
In embodiments, the composition comprises at least 0.05% (w/v) for each of the two
compounds. In other embodiments, the composition comprises at least 0.033% (w/v)
for each of the three compounds. An additional embodiment of the method of en-
hancing insulin activity in a subject, further comprises administering insulin or an ana-
log or derivative thereof.

[0197] In yet another embodiments, a method of inhibiting glucose production in a
subject comprises administering a composition to the subject, the composition com-
prising at least three different compounds selected from the group consisting of: 5'-
Methylselenoadenosine, Se-Adenosyl-L-homocysteine, Gamma-glutamyl-
methylseleno-cysteine, a compound of Formula (1), a compound of Formula (1), a
compound of Formula (lll), and combinations thereof. In another embodiment, an
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effective amount of the composition inhibits glucose production in liver cells of the
subject as compared to liver cells of the subject not treated with the composition. In
some embodiments, the composition comprises at least three different compounds
selected from the group consisting of 5'-Methylselenoadenosine, Se-Adenosyl-L-
homocysteine, Gamma-glutamyl-methylseleno-cysteine, a compound of Formula (I),
a compound of Formula (Il), a compound of Formula (lll), and combinations thereof.
In embodiments, the composition comprises at least 0.05% (w/v) for each of the two
compounds. In other embodiments, the composition comprises at least 0.033% (w/v)
for each of the three compounds.

[0198] In another embodiment, a method of increasing FOXO3 and/or FOXO 4
phosphorylation in a subject comprises administering a composition to the subject
comprising at least two compounds selected from the group consisting of 5'-
Methylselenoadenosine, Se-Adenosyl-L-homocysteine, Gamma-glutamyl-
methylseleno-cysteine, a compound of Formula (1), a compound of Formula (1), a
compound of Formula (lll), and combinations thereof. In another embodiment, an
effective amount of the composition increases FOX0O3 and FOX04 phosphorylation
in liver cells of the subject as compared to liver cells of the subject not treated with
the composition. In some embodiments, the composition comprises at least three
different compounds selected from the group consisting of 5'-
Methylselenoadenosine, Se-Adenosyl-L-homocysteine, Gamma-glutamyl-
methylseleno-cysteine, a compound of Formula (1), a compound of Formula (1), a
compound of Formula (lll), and combinations thereof. In embodiments, the composi-
tion comprises at least 0.05% (w/v) for each of the two compounds. In other embodi-
ments, the composition comprises at least 0.033% (w/v) for each of the three com-
pounds.

[0199] In embodiments, a method of modulating glucose metabolism in a subject
comprises: administering an effective amount of a composition to the subject, the
composition comprising at least two different compounds selected from the group
consisting of 5'-Methylselenoadenosine, Se-Adenosyl-L-homocysteine, Gamma-
glutamyl-methylseleno-cysteine, a compound of Formula (l), a compound of Formula
(1), a compound of Formula (lll). In another embodiment, an effective amount of the
composition modulates glucose metabolism in liver cells of the subject as compared
to liver cells of the subject not treated with the composition. In some embodiments,
the composition comprises at least three different compounds selected from the
group consisting of 5'-Methylselenoadenosine, Se-Adenosyl-L-homocysteine, Gam-
ma-glutamyl-methylseleno-cysteine, a compound of Formula (l), a compound of For-
mula (1), a compound of Formula (lll), and combinations thereof. In embodiments,
the composition comprises at least 0.05% (w/v) for each of the two compounds. In
other embodiments, the composition comprises at least 0.033% (w/v) for each of the
three compounds.

[0200] In embodiments, a method of increasing glucose sensitivity in a subject com-
prises administering a composition to the subject, the composition comprising at least
two different compounds selected from the group consisting of 5'-
Methylselenoadenosine, Se-Adenosyl-L-homocysteine, Gamma-glutamyl-
methylseleno-cysteine, a compound of Formula (1), a compound of Formula (1), a
compound of Formula (lll), and combinations thereof. In another embodiment, an
effective amount of the composition increased glucose sensitivity in liver cells of the
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subject as compared to liver cells of the subject not treated with the composition. In
some embodiments, the composition comprises at least three different compounds
selected from the group consisting of 5'-Methylselenoadenosine, Se-Adenosyl-L-
homocysteine, Gamma-glutamyl-methylseleno-cysteine, a compound of Formula (I),
Formula (ll), a compound of Formula (lll), and combinations thereof. In embodiments,
the composition comprises at least 0.05% (w/v) for each of the two compounds. In
other embodiments, the composition comprises at least 0.033% (w/v) for each of the
three compounds.

[0201] In embodiments, a method of treating diabetes in a subject comprises admin-
istering a composition to the subject, the composition comprising at least two different
compounds selected from the group consisting of: 5'-Methylselenoadenosine, Se-
Adenosyl-L-homocysteine, Gamma-glutamyl-methylseleno-cysteine, a compound of
Formula (l), a compound of Formula (ll), a compound of Formula (lll) and combina-
tions thereof. In another embodiment, an effective amount of the composition treats
diabetes in liver cells of the subject as compared to liver cells of the subject not treat-
ed with the composition. In some embodiments, the composition comprises at least
three different compounds selected from the group consisting of 5'-
Methylselenoadenosine, Se-Adenosyl-L-homocysteine, Gamma-glutamyl-
methylseleno-cysteine, a compound of Formula (1), a compound of Formula (1), a
compound of Formula (lll), and combinations thereof. In embodiments, the composi-
tion comprises at least 0.05% (w/v) for each of the two compounds. In other embodi-
ments, the composition comprises at least 0.033% (w/v) for each of the three com-
pounds.

[0202] In some embodiments, a method or use is provided for inhibiting expression of
G6PC in a subject comprising administering a composition to the subject, the compo-
sition comprising at least two compounds selected from the group consisting of 5'-
Methylselenoadenosine, Se-Adenosyl-L-homocysteine, Gamma-glutamyl-
methylseleno-cysteine, a compound of Formula (1), a compound of Formula (1), a
compound of Formula (lll), and combinations thereof. In another embodiment, an
effective amount of the composition inhibits G6PC gene expression in liver cells of
the subject as compared to liver cells of the subject not treated with the composition.
In some embodiments, the composition comprises at least three different compounds
selected from the group consisting of 5'-Methylselenoadenosine, Se-Adenosyl-L-
homocysteine, Gamma-glutamyl-methylseleno-cysteine, a compound of Formula (I),
a compound of Formula (Il), a compound of Formula (lll), and combinations thereof.
In embodiments, the composition comprises at least 0.05% (w/v) for each of the two
compounds. In other embodiments, the composition comprises at least 0.033% (w/v)
for each of the three compounds.

[0203] In some method embodiments, a decrease in GEBPC ranges from an approxi-
mately 50% increase or decrease to a 500% increase or decrease as compared to a
cell of identical type not treated with the compound. The magnitude of the G6PC re-
sponse depends on the cell type, the specific compound, and the time in contact with
the cell.

[0204] In other embodiments, a method or use is provided for increasing expression

of insulin receptor (INSR) in a subject comprising administering a composition to the
subject, the composition comprising at least two compounds selected from the group
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consisting of 5'-Methylselenoadenosine, Se-Adenosyl-L-homocysteine, Gamma-
glutamyl-methylseleno-cysteine, a compound of Formula (l), a compound of Formula
(1), a compound of Formula (l1ll) and combinations thereof. In another embodiment,
an effective amount of the composition increases expression of insulin receptor in
liver cells of the subject as compared to liver cells of the subject not treated with the
composition. In some embodiments, the composition comprises at least three differ-
ent compounds selected from the group consisting of 5'-Methylselenoadenosine, Se-
Adenosyl-L-homocysteine, Gamma-glutamyl-methylseleno-cysteine, a compound of
Formula (1), a compound of Formula (Il), a compound of Formula (lll), and combina-
tions thereof. In embodiments, the composition comprises at least 0.05% (w/v) for
each of the two compounds. In other embodiments, the composition comprises at
least 0.033% (w/v) for each of the three compounds.

[0205] In embodiments, a method or use is provided for increasing expression of in-
sulin-like growth factor receptor (IGF1R)in a subject comprising administering a com-
position to the subject, the composition comprising at least two compounds selected
from the group consisting of 5'-Methylselenoadenosine, Se-Adenosyl-L-
homocysteine, Gamma-glutamyl-methylseleno-cysteine, a compound of Formula (I),
a compound of Formula (ll), a compound of Formula (lll) and combinations thereof.
In another embodiment, an effective amount of the composition increases expression
of insulin-like growth factor receptor in liver cells of the subject as compared to liver
cells of the subject not treated with the composition. In some embodiments, the com-
position comprises at least three different compounds selected from the group con-
sisting of 5'-Methylselenoadenosine, Se-Adenosyl-L-homocysteine, Gamma-
glutamyl-methylseleno-cysteine, a compound of Formula (l), a compound of Formula
(1), a compound of Formula (lll), and combinations thereof. In embodiments, the
composition comprises at least 0.05% (w/v) for each of the two compounds. In other
embodiments, the composition comprises at least 0.033% (w/v) for each of the three
compounds.

[0206] In any one of the methods described herein, the composition can comprise 5'-
Methylselenoadenosine, Se-Adenosyl-L-homocysteine, Gamma-glutamyl-
methylseleno-cysteine or mixtures thereof. In any one of the methods described
herein, the composition can comprise at least about 0.1% (w/v) of 5'-
Methylselenoadenosine.

[0207] In any one of the methods described herein, the composition can be in a dried
or capsular form. In any one of the methods described herein, the composition can
further comprise insulin or an analog or derivative thereof. In any one of the methods
described herein, the composition can further comprise an insulin sensitizer, an insu-
lin secretagogue, or an incretin mimetic.

[0208] In any one of the methods described herein, the composition may exclude
one or more of 5'-Methylthioadenosine, S-Adenosyl-L-homocysteine or Gamma-
glutamyl-methyl-cysteine. In any one of the methods described herein, the composi-
tion can be administered orally.

[0209] In any one of the methods described herein, the composition can be adminis-

tered to one or more liver cells of the subject. In some embodiments, any of the
methods as described herein further comprise administering insulin or analog thereof
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or further comprise administering a different therapeutic agent for modulating glucose
metabolism or treating diabetes.

[0210] In embodiments of the methods of the present application, a use is provided
for a composition comprising at least three different compounds selected from the
group consisting of 5'-Methylselenoadenosine, Se-Adenosyl-L-homocysteine, Gam-
ma-glutamyl-methylseleno-cysteine, a compound of Formula (l), a compound of For-
mula (1), and a compound of Formula (lll) for replacing insulin or enhancing insulin
activity in a subject. In embodiments, the use further comprises insulin or an analog
thereof. In embodiments, the use further comprises a different therapeutic agent for
modulating glucose metabolism or treating diabetes. In other embodiments of the
present application, a use is provided for a composition comprising at least three dif-
ferent compounds selected from the group consisting of 5'-Methylselenoadenosine,
Se-Adenosyl-L-homocysteine, Gamma-glutamyl-methylseleno-cysteine, a compound
of Formula (1), a compound of Formula (ll), a compound of Formula (lll) and combi-
nations thereof for inhibiting G6PC in liver.

[0211] Selenium containing compounds affect gene expression in liver cells different-
ly than neuronal cells. In contrast to the effect that compounds and compositions
have on liver cells as described herein, the same or a similar composition can affect
neuronal cells in an opposite way. For example, a composition as described herein,
decreases the phosphorylation of FOX03 and/or FOXO4 in neuronal cells, rather
than increases FOXO3 or FOX04 expression as specified in the methods of the pre-
sent disclosure.

[0212] In additional embodiments of the method of the present disclosure, the effec-
tive amount of compounds and compositions as described herein is an amount effec-
tive to inhibit expression of G6PC, decrease glucose production in liver cells, or in-
crease FOXO phosphorylation in a liver cell without being toxic to the cells. The ef-
fective amounts of compounds selected do not show toxicity for any of the exempli-
fied cells including mouse skeletal, human neuronal, or mouse liver cells. In addition,
the composition comprising the compounds described herein do not adversely affect
glucose metabolism in liver cells.

[0213] Methods of determining gene expression in a cell of a subject are known to
those of skill in the art, and may include hybridization with primers and/or probes,
such as on an array or by PCR methods. Arrays and/or primers for determining gene
expression are commercially available. Primers and arrays or microarrays may be
readily designed using publicly available sequences for the genes described herein,
such as G6PC, FOX03, FOX04, INSR, and IGF1R. For example, Exemplary se-
quences for G6PC are found at NM_000151.3 , G1:393537030, Gene ID:

2538; FOX03 are found at NM_001455.3, GI:146260266, Gene ID:

2309; FOX04 are found at NM_001170931.1 , GI:283436082, Gene ID:

4303; INSR are found at NM_000208.2 , GI:119395735, Gene ID: 3643,;

and /IGF1R are found at XM_011521513.1 , GI:767983996, Gene ID: 3480. Modula-
tion of gene expression in liver cells can be determined as described herein using a
number of assays on a sample taken from a subject treated in accord with the com-
positions described herein.

[0214] As is well known in the medical or research arts, dosages for any one subject
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may depend upon many factors, including the patient's size, body surface area, age,
the particular compound to be administered, sex, timing, and route of administration,
general health, and interaction with other drugs being concurrently administered. In
embodiments, the dose of the present composition may be adjusted depending on
efficacy or the presence of overt signs of selenium toxicosis are observed in the sub-
ject. Selenium toxicosis may be indicated by symptoms including garlicky breath, hair
loss, or flaky nails.

[0215] In some embodiments, the dose of the present composition is administered at
least once daily for a period of time to achieve a steady state of elemental selenium
in the blood. In yet other embodiments, the dose of the present composition may be
administered while the subject is experiencing symptoms of a disease or disorder.

EXAMPLES

[0216] The following examples provide illustrative examples or embodiments of the
compositions, compounds, and methods of the present disclosure. lllustrative embod-
iments of the compounds, composition, and methods of the present disclosure are
provided herein by way of examples. While the concepts and technology of the pre-
sent disclosure are susceptible to various modifications and alternative forms, specif-
ic embodiments thereof have been shown by way of example in the figures and will
be described here in detail. It should be understood, however, that there is no intent
to limit the concepts of the present disclosure to the particular forms disclosed, but on
the contrary, the intention is to cover all modifications, equivalents, and alternatives
consistent with the present disclosure and the appended claims.

[0217] It will be appreciated that the technology described herein has broad applica-
tions. The foregoing embodiments were chosen and described in order to illustrate
principles of the technology as well as some practical applications. While certain em-
bodiments have been described and/or exemplified herein, it is contemplated that
considerable variation and modification thereof are possible.

Example 1: Synthesis and Characterization of 5'-Methylselenoadenosine
("Compound C")

[0218] The synthesis scheme and methodology to produce Compound C was:
NH,

)’IN
NaBH4 HO o
CH3Se-SeCH3 ——> CH3SeNa > H
Se

HO h
Sodium borohydride (227mg, 6.0mM, under Ar®) was placed in a 200mL roundbottom

54/93



DK/EP 3144001 T3

flask containing 20mL of anhydrous ethyl alcohol, equipped in a magnetic stirrer and
located in an ice cooling bath. Dimethyldiselenide (190uL, 376mg, 2.0mM), was add-
ed to the flask with cooling, stirring and under Ar flow. After formation of a yellowish
solution, solid 5'-chloro-5'-deoxyadenosine (1,143g, 4.0mM) was added. 100mL of
ethyl alcohol was added to dissolve the precipitate. The mixture was stirred at room
temperature for the following four days. Mass Spectrometry was used to monitor the
approximately 75% conversion that was accomplished after five days. The solvents
were evaporated, and 3.22g of the product (with approximately 20% of starting mate-
rial (SM)) was collected and purified by the reverse phase (C-8) preparative chroma-
tography. A yield of 1.1g of pure product was collected, which had its molecular
weight confirmed by mass spectrometry.

Example 2: Synthesis and Characterization of Se-Adenosyl-L-homocysteine
("Compound D")

[0219] The synthesis scheme and methodology to produce Compound D is shown
below in steps 1-6:

THZ NH, TJHz
S VY S
N, N/ 1. SOCk N /A\,N"'/ L\\ P N’”
N 2. Py/ACN anh. N NHOHMeOH N %
Pants) —_— ™o —_—» /0
HO 0°-5°/1h, RT 17h o | 0°-5° 1h Hom
TN_-OH s o-al TG
HO o © HO
1 2 3
e
1.3MeOH N7 N
o 50°,24h | >
o) 2. HCltopH4 o~ N
I Ne®igNHs  nase : P N 6
H C/Se\/,/\\ PN OH _— 7 \\‘// ) ONa ——> />\\
3 T
,LH 24h, -68° to RT NH, RO ]
2 S ose
HO 1
4 5 O\;\ /A{
A
/ NH
HO 2

5'-Chloro-5'-deoxyadenosine (639-62)

[0220] Eighty-nine (89) grams (0.366mole, 1eq.) adenosine, 59.3mL (58, 1.833mole,
2eq.) anhydrous pyridine and 1L anhydrous acetonitrile were placed in an oven dried,
2L, 4 neck flask, equipped in a dropping funnel, a stirrer, gas inlet/outlet and a ther-
mometer. The reaction set was placed in an ice/salt bath and agitation was initiated.
When the temperature of the solution dropped below 3°C, thionyl chloride was added
slowly. The temperature of the reaction mixture was maintained below 5°C during
thionyl chloride addition and for 4h more (at this time the solution is yellow with white-
yellow precipitate on the bottom). The reaction was left overnight at ambient tempera-
ture.
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[0221] The next morning the voluminous precipitate was filtered off using sintered
glass filter and washed on the filter with 300 ML volume of dry acetonitrile. During this
time, the precipitate color changed into white. The wet precipitate was then trans-
ferred back into the 2L reaction flask containing a mixture of 800ML of methanol and
160ML of water. Eighty milliliters (80ML) of concentrated ammonium hydroxide solu-
tion was added drop-by-drop to the reaction flask with mechanical stirring and cooling
with a water bath. The mixture was agitated for 45 min at ambient temperature and a
white precipitate formed, which was separated from the liquid by vacuum filtration.

[0222] The filtrate was concentrated to dryness using a vacuum rotary-evaporator
while the precipitate was crystallized from approximately 560ML hot water. The pre-
cipitate was cooled in an ice-water bath, and the first crop of the crystals was filtered
off and freeze-dried. The filtrate was used as a solvent in the crystallization of solids,
which resulted from the rotary evaporation of the first filtrate to obtain the second
crop of the product. The second crop of the product was freeze-dried for two days.
Both crops of crystals were finally dried for two days over phosphorous pentoxide in a
vacuum dessicator. Eighty-four (84) grams of white crystals, with a 80.5% yield were
obtained. MS(286-M+H), mp.187°C. Selenoadenosylhomocysteine (655-40).

[0223] L-selenomethionine (9.806 gram, 50mM, 1eq.) was charged into a 2L, three-
neck flask equipped in a thermometer, a large cooling finger (with bubble-meter at
the outlet), ammonia gas inlet (reaching bottom of the flask) and a magnetic stirring
bar and placed in a 2.5L duar vessel containing CO2-Acetone cooling bath. Ar® was
passed through the flask before adding solid CO2 to the acetone bath and the cooling
finger. When the temperature inside the flask dropped below -35°C the flow of anhy-
drous ammonia (gas) was started and when liquid ammonia levels reached the vol-
ume of 800ML the gas flow was stopped.

[0224] Small pieces of metallic sodium were added to a well stirred solution until
blue-violet coloration of the solution persisted for approximately 30 sec. A total of
2.645 gram (115mM, 2.3 eq.) of sodium was added within 45min. Agitation and cool-
ing were maintained for 30min more. At this time all of the components were in the
solution. Anhydrous 5'-chloro-5'-deoxyadenosine (14.856 gram, 52mM, 1.04 eq.) was
added in a single portion and the reaction mixture was left with stirring and very slow
Ar° flow overnight.

[0225] The next morning, 350ML of anhydrous methanol was added to the white sol-
ids which were present in the flask. The flask was placed in an oil bath, a reflux con-
denser was installed, Ar° gas flow was maintained, and an oil bath was heated to
50°C for the subsequent 24 hours. One milliliter (1ML) of the solution was acidified to
pH 3.5 with a few drops of 0.1N HCI, and the sample was analyzed for the presence
of substrates using mass spectrometry.

[0226] If below 5%, the mixture can be acidified with IN HCI to pH 3.5, filtered from
salts, concentrated to dryness using vacuum rotary-evaporator and the crude product
can be purified by crystallization from water-ethanol mixture. The first crop of Se-
lenoadenosylhomocysteine crystals yielded 15.98 gram of product with a 74% vyield.
Yet, approximately 95% of the product was clean, and could be used in biological
studies without further purification.
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Example 3: Synthesis and Characterization of Gamma-glutamyl-methylseleno-
cysteine ("Compound E")

[0227] The synthesis scheme and methodology to produce Compound E is shown
below with steps 1-4 :

o
(o] (@] o) o \}//\\
Jonr 1 N
-~ o7 \T ™~ TOH DCC,NHS -~ o ( ~ 0 \*\\
0. NH - > 0. _NH o
i Et.O J
© -0 Se
T 1 W 2 + J Me
4. _OH
H2N H
_-Se
S -
-Se R (R | S S
‘O ﬁ [ Me  CFRCOH el ‘\T/ TN ‘ o
H
> oo N oH —-——m—
7o I Os, - NH ©
H o 60°C, 5h |
NH, o} - 0

Synthesis of N-Boc-(O-tBu)-L-Glu-OSe (655-90)

[0228] N-Boc-(O-tBu)-L-Glu-OH (303mg, 1.0Mmol), N-hydroxysuccinimide (121mg,
1.05Mmol) and dicyclohexyl carbodiimide (227mg, 1.1Mmol) were suspend-
ed/dissolved in 15ML of anhydrous ethyl ether and 10ul of dimethylethylbenzylamine
was added from a syringe into the reaction mixture. Stirring at ambient temperature
(22°C) was maintained for 48h. The mixture was filtered and the precipitate was
washed 10 x 10mL of ethyl ether. The filtrate was concentrated and dried under high
vacuum yielding white crystalline product (570mg, ~90% yield). MS (M+Na*) =
423.17.

Synthesis of N-Boc-(O-tBu)-L-Glu-MeSe-Cys-OH (655-90)

[0229] N-Boc~(O-tBu)-L-Glu-OSe(570mg, 0.9Mmol), methylselenocysteine (175mg,
0.8Mmol), triethylamine (152mg, 209uL, 1.5Mmol) were added into a mixture of 6mL
of 1,4-Dioxane and 2mL of water. Magnetic stirring of the reaction mixture was main-
tained for 100h. After this time 1.21M HCI (1.65mL) was added and the post-reaction
mixture was extracted with three rounds (3x) of 20mL of ethyl ether. The extract was
concentrated to dryness using a vacuum rotary-evaporator yielding 649 mg of waxy
product that was submitted to preparative HPLC. Two hundred eighty-three milli-
grams (283mg) of the product were collected having a 75.6% yield. Mass spectrum
confirmed the molecular weight of the product, and the presence of a single Se atom
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in it. Calculated mass for C1sH32N2075e=468.42: These results found 469.24 m/e
(M+H*) and 491.24 m/e (M+Na*).

Synthesis of Y-Glutamyl-methylselenocysteine (655-92)

[0230] A mixture of 283mg (0.6Mmol) of N-Boc-(O-tBu)-L-Glu-MeSe-Cys-OH, 2mL of
thioanisol, and 5mL of trifluoroacetic acid were heated with magnetic stirring in an oil
bath for 6 hours and at 63°C. The mixture was left over night at ambient temperature
(22°C). The reaction mixture was added drop-by-drop into 20 ML of a vigorously
stirred ethyl ether. The precipitate that formed was washed with two rounds (2x) of
20ML of ethyl ether. The product yielded 138.3mg of creamy precipitate, which was
then purified by preparative HPLC.

Example 4:

[0231] Synthetic individual selenoorganic compounds, combinations of the individual
selenoorganic compounds, and their sulfur analogs were tested in cell culture (in
vitro) for effects on cell survival or viability and gene expression in the examples de-
scribed herein. In particular, the cells tested were mouse AML-12 liver cells.

Materials and Methods

Cell lines and Compounds

[0232] The mouse liver cell line AML-12 and human neuroblast IMR-32 cells were
purchased from the American Type Culture Collection (ATCC, Manassas, Virginia).
AML-12 cells were amplified in Dulbecco's modified Eagle's medium and Ham's F12
(DMEM/F12) media supplemented with 10% fetal bovine serum (FBS), 40 ng/ml dex-
amethasone (Dex, Sigma) and IX ITS (containing 0.01 mg/ml bovine insulin, 0.0055
mg/ml human transferrin, 5 ng/ml sodium selenium) solution (Sigma). IMR-32 cells
were cultured in Eagle's Minimum Essential Medium (EMEM) supplemented with
10% FBS.

[0233] Compound C (5'-Methylselenoadenosine), Compound D (Se-Adenosyl-L-
homocysteine), and Compound E (Gamma-glutamyl-methylseleno-cysteine), and
their sulfur analogs, Compound H (5'-Methylthioadenosine), Compound | (S-
Adenosyl-L-homocysteine), and Compound J (Gamma-glutamyl-methyl-cysteine)
were either synthesized or obtained from commercial sources (where available). The
purities of all tested compounds were verified to be = 99%, as determined by Mass-
Spectrometry. Three batches of the above synthesized compounds were used in the
following experiments.
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[0234] The ppb values shown in the examples herein refer to ppb of selenium in se-
lenium containing compounds or ppb sulfur in sulfur containing compounds in order
to ensure equivalent amounts of selenium or sulfur were being tested in the experi-

ments.

[0235] In order to convert ppb based on selenium to ppb of the compound, the % of
Se in a compound is calculated by dividing the atomic weight of selenium by the mo-
lecular weight of the compound and multiplying the dividend by 100. In order to con-
vert ppb based on sulfur to ppb of the compound the % of S in a compound is calcu-
lated by dividing the atomic weight of sulfur by the molecular weight of the compound
and multiplying the dividend by 100.

[0236] For example, dividing the atomic weight of Selenium of 78.96 by the molecular
weight of Compound C of 344 and multiplying the result by 100, results in a % of se-
lenium in Compound C of 23%. Likewise, for Compound D, dividing the atomic
weight of Selenium of 78.96 by the molecular weight of Compound D of 432 and mul-
tiplying the result by 100, results in a % of selenium in Compound D of 18%. For
Compound E, dividing the atomic weight of Selenium of 78.96 by the molecular
weight of Compound E of 311 and multiplying the result by 100, results in a % of se-
lenium in Compound E of 25%.

[0237] These % Se values are used to derive factors for converting ppb of selenium
to ppb of the compound. These factors are: 4.35 for Compound C, 5.46 for Com-
pound D, and 3.94 for Compound E. In order to convert ppb based on selenium to
ppb of the compound multiply the indicated ppb of selenium by the factor for each
compound as shown in the Table below. For example, 150 ppb of Compound C in
the experiments below refers to 150 ppb of selenium and is equivalent to 653 ppb of
Compound C.

[0238] For the sulfur compounds, dividing the atomic weight of Sulfur of 32 by the

molecular weight of Compound H of 297, and multiplying the result by 100, results in
a % of sulfur in Compound H of 11%. Likewise, for Compound [, dividing the atomic
weight of Sulfur of 32 by the molecular weight of Compound | of 384 and multiplying
the result by 100, results in a % of sulfur in Compound | of 8%. For Compound J, di-
viding the atomic weight of Sulfur of 32 by the molecular weight of Compound J of

264 and multiplying the result by 100, results in a % of sulfur in Compound J of 12%.

[0239] These % S values are used to derive factors for converting ppb of sulfur to
ppb of the compound. These factors are: 9.28 for Compound H, 12.00 for Compound
I, and 8.25 for Compound J. In order to convert ppb based on sulfur to ppb of the
compound multiply the indicated ppb of sulfur by the factor for each compound as
shown in the Table below. For example, 150 ppb of Compound H as described in the
experiments below refers to 150 ppb of sulfur and is equivalent to 1392 ppb of Com-

...........................................................................................................................................................................................................

Eppb Selenium Deliv- Equivalent ppb Equivalent ppb Equivalent ppb
~ ered by the Com- | Compound C | Compound D | Compound E
pound § : |
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ppb Selenium Deliv- | Equivalent ppb ;| Equivalent ppb | Equivalent ppb
- ered by the Com- Compound C Compound D Compound E
pound
» 150 | 653 : 819 | 591 _
......................... 2008701092788
......................... 3 00 1305 1638 1182
: 450 | 1958 : 2457 | 1773
......................... 600261032762364
900 3915 4914 3546 E
ppb Sulfur Deliv- | Equivalent ppb ;| Equivalent ppb | Equivalent ppb
ered by the Com- Compound H Compound I Compound J
pound
100 928 1200 825
: 150 1392 1800 1238 :
......................... 200 1856 2400 1650
| 300 2784 3600 2475
450 ......................................... 4176 5400 ................................... 3712
......................... 600 5568 7200 4950
900 8352 10800 7425

Cell Viability Assay

[0240] Cell viability in cultured AML-12 was determined using Promega's
CellTiter96® AQueous One Solution Cell Proliferation Assay Kits, according to the
manufacturer's protocol and instructions. In brief, AML-12 (1X10* cells/well) were
seeded on 96-well clear plates (VWR) and cultured in DMEM/F12 media containing
10% FBS, IX ITS and 40 ng/ml Dex overnight. Cells were than treated with control
(water) or compounds in ITS-free DMEM/F12 media containing 10% FBS and 40

ng/ml Dex for 48 hours.

[0241] The cultured cells were incubated with AQueous One solution (100 ul/per
well) at 37° C for 1 hour, and the absorbance of OD490 nm in each sample was de-
termined by the Bio-Tek microplate reader. Cell viability in culture cells were deter-
mined by the subtraction of OD490 nm in cultured cells with the OD490 nm in plain
culture media (without seeding of cells). Eight samples per each treatment were ex-
amined for the above analysis. Data are presented as Mean + SEM of eight samples.

Cell Treatments for RNA and Protein Analysis
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[0242] For RNA analysis of insulin receptor (/nsr), insulin like growth factor receptor
(Igfir), and Glucose-6-Phosphatase (G6pc), AML-12 cells were amplified in ITS, Dex
and FBS-containing DMEM/F12 media, and cultured on 24-well (6.7 X 10* cells/well)
plates in 10% FBS ITS-free DMEM/F12 media with or without Dex overnight. These
cells were treated with control (water) or various compounds (diluted in 10% FBS ITS
-free DMEM/F 12 media with or without Dex) for 6 hours, 24 hours, or 48 hours.

[0243] In some experiments, the AML-12 cells were washed twice with PBS after the
compound treatments for 24 hours, and then incubated with selenium compounds
(150 or 300 ppb of each compound) in the presence or absence of insulin (10 or 100
nM), 0.1 mM 8-CPT (Sigma), or 0.5 uM Dex in serum-free, glucose/phenol red-free
DMEM media supplemented with 20 mM lactose and 2 mM pyruvate, and 15 mM
HEPES (glucose-production media) for another 6 hours. After treatments, cell media
were collected and subjected to glucose assays using Abcam glucose assay kit ac-
cording to the manufacturer's protocol. Cells lysed and collected for RNA isolation
and PCR analysis of G6pc, Insr and Igfir.

[0244] For the studies of protein expression, AML-12 cells were amplified in ITS, Dex
and FBS-containing DMEM/F12 media, and cultured on 6-well (3.33 X 10° cells/well)
plates in 10% FBS ITS-free DMEM/F12 media with or without Dex overnight. These
cells were treated with control (water) or various compounds in either serum contain-
ing (10% FBS ITS-free DMEM/F12 media supplemented with Dex) or serum-free
(ITS/Dex-free DMEM/F12 media) for 6 hours and 24 hours. In addition, human neu-
roblast IMR-32 cells were cultured in 10% FBS EMEM media and then treated with
control (water), selenium compounds and their sulfur analogs in the same serum-
containing media for 6 hours and 24 hours.

RNA Isolation and Real-time PCR analysis

[0245] Total RNA from these cells was isolated using Trizol (Invitrogen) according to
the manufacturer's protocol, and then incubated with DNase | to remove any potential
contaminated genomic DNA. RNA samples were subjected to real-time PCR analysis
using the Applied-Bioscience's RT kit and predesigned Tagman probes (Invitrogen),
as described previously (Lan et al EMBO J 2003). Three to six samples were ana-
lyzed in each treatment group. Data were normalized by Actin B (Actb) mRNA levels
in each sample and are presented as mean + SEM of 3-6 samples.

Protein Preparation and Western Blot Analysis

[0246] AML-12 liver cells or IMR-32 neuronal cells were seeded on 6-well plates, and
then treated with vehicle and various compounds for 6 hours and 24 hours, as de-
scribed herein. After treatments, cells were rinsed with ice-cold PBS and lysed in the
ice-cold RIPA buffer containing complete proteinase and phosphatase inhibitors
(Thermo-Fisher Scientific, Waltham, MA) on ice for 30 min. Cell lysates were collect-
ed using a cell scraper and transfer pipette, and then centrifuged at 12000x g for 30
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min at 4°C to remove the DNA pellet and obtain the protein extract. Protein levels in
the supernatant of these cell lysates were determined using the Pierce Micro-BCA
protein assay kit (Thermo Scientific-Piece Biotechnology, Rockford, IL) according to
the manufacturer's protocol.

[0247] For Western blot analysis, five micrograms of total proteins from control- and
compound(s)-treated cells were subjected to SDS-PAGE gel separation, and then
transferred to PVDF membranes, as described previously (Reddy, Liu et al. 2008
Science). Membranes were blocked in a phosphate-buffered saline (PBS) containing
5% (w/v) of bovine serum albumin (Sigma, St. Louis, MO), and incubated with specif-
ic primary antibodies. The membranes were then incubated with HRP-conjugated
anti-mouse or anti-rabbit secondary antibodies (1:5000 dilution, Cell Signaling, Inc.).

[0248] All primary antibodies except Actb (Li-COR, Lincoln, Nebraska), Elf2be and
pEIf2be (Abcam, Cambridge, MA) were purchased from Cell Signaling Inc. Positive
signals on the membrane blots were detected using the Amersham's enhanced
chemiluminescence Western Blotting Prime Detection reagents (GE healthcare
Lifescience, Pittsburgh, PA). Images of luminescence signals on the membrane blots
were captured using the LI-COR Odyssey Fc Image system (Lincoln, Nebraska). The
same membrane blot was stripped and re-blotted with another antibody as described
in the GE WB ECL-prime-detection protocol (GE healthcare Lifescience, Pittsburgh,
PA). Protein band densities in the Western blots were determined using the Li-COR
Image studio software or NIH ImagedJ software and then normalized by Actb level in
each sample. Data are presented as mean + SEM of three samples per each group.

Statistical Analysis

[0249] Where applicable, a Student's t-test was used to determine the statistical sig-
nificance of difference between saline-treated and Compounds CDE-treated groups
with a p value less than 0.05.

Results and Discussion:

Effect of Compounds CDE on Viability of AML-12 Cells

[0250] To test whether there is any toxic effect of selenium compounds on the sur-
vival of AML-12 cells, cell viability assays were performed on liver cells. AML-12 cells
were treated with a water control or 150 ppb of individual Compound C, Compound
D, Compound E, Compound H, Compound | and Compound J; combinations of
Compounds | and J ("Compound IJ"); combinations of Compound D and Compound
E ("Compound DE");; and combinations of Compound C, Compound D, and Com-
pound E ("Compounds CDE") for 48 hours.

[0251] No compound treatment, including both single compounds and compound
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combinations, caused a significant decrease of cell viability (indicated by OD490 nm)
in AML-12 cells when compared to the control group (FIG. 1). These results demon-
strated that selenium Compounds CDE did not have any negative effect on the sur-
vival or viability of AML-12 cells.

Inhibition of G6pc MRNA expression by Compounds CDE in AML-12 cells cul-
tured in FBS- and Dex-containing media without ITS

[0252] Liver is the main organ to produce glucose for maintaining normal glucose
levels in the blood stream. Glucose-6-Phosphatase Catalytic subunit (G6pc) is an
essential enzyme for gluconeogenesis in the liver. To explore the potential function of
Compounds CDE in the liver, G6pc expression was examined by QRT-PCR analysis
in AML-12 cells cultured under various conditions described herein.

[0253] It is recommended that AML-12 cells should be cultured or amplified in media
containing serum-, Insulin-Transferrin-Sodium selenite supplement (ITS) and Dexa-
methasone (Dex). To rule out the possibility that insulin and sodium selenite in ITS
could interfere with the action of the tested selenium compounds in AML-12 cells,
the G6pc expression in AML-12 cells cultured in ITS-free media but containing FBS
and Dex was investigated. In brief, AML-12 cells were cultured/amplified in complete
amplification media (10% FBS, ITS- and Dex-containing DMEM/F12), seeded on cul-
ture plates, and cultured in ITS-free FBS- and Dex-containing media overnight.
These cells were treated with control (water), selenium individual compounds: Com-
pound C, Compound D, Compound E at the dose of 150 ppb of each compound, and
sulfur individual compounds: Compound H, Compound I, Compound J. A combina-
tion of Compounds CDE, and a combination of Compounds HIJ were also tested on
the cells for 48 hours. After these treatments, cells were collected and subjected to
QRT-PCR analysis.

[0254] As shown in FIG. 2A, treatment of AML-12 liver cells with the Compounds
CDE combination, but not the Compounds HIJ sulfur analog combination, caused a
very significant (approximately 50%) decrease in G6pc expression in liver cells under
the experimental conditions. In addition, G6pc expression was further examined in
AML-12 cells after treatment with all of the individual compounds (see FIG. 2B). No
significant alteration (e.g., increase or decrease) in G6pc expression was observed.
Data are presented as mean + SEM of 4 samples.

[0255] The effect of decreased G6pc expression in response to the Compounds CDE
combination was observed in three repeat experiments using different batches of
cells (data not shown). This effect was not due to the potential toxic effects of seleni-
um compounds on cell survival since Compounds CDE did not affect the viability of
AML-12 cells under the same experimental conditions (see FIG. 1). These results
demonstrate that Compounds CDE in combination, but not individual compounds or
their sulfur analogs, can inhibit G6pc expression in AML-12 cells in the presence of
FBS and Dex in culture media.
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A combination of Compounds CDE inhibits G6pc expression in AML12 cells in
ITS- and Dex-free media with FBS for 24 hours followed by serum-free media
for 6 hours

[0256] It has been reported that Dex can regulate G6pc expression in the liver. The
effects of Compounds CDE in AML-12 cells under ITS/Dex-free culture conditions
was investigated. Liver AML-12 cells cultured under serum-free conditions for 24
hours and 48 hours displayed some abnormal cell morphology. However, no gross
morphological changes in AML-12 cells after culture in serum-free media for 6 hours
was observed (data not shown). Thus, AML-12 cells were pretreated with Com-
pounds CDE in serum-containing but ITS/Dex-free media for 24 hours followed by
retreatment of these compounds in serum/ITS/Dex-free media for 6 hours to further
investigate the effects of Compound CDE on G6pc expression.

[0257] In brief, AML-12 cells were treated with either 150 or 300 ppb Compounds
CDE combination (diluted in 10% FBS but ITS/Dex-free media) for 24 hours. The
cells were then washed twice with PBS to remove residual FBS, and incubated with
the same doses of these selenium compounds in the presence or absence of 10 or
100 nM insulin (diluted in FBS/ITS/Dex-free media) for 6 hours. Insulin alone treat-
ments were included for the comparison of the efficacy of the effects of Compounds
CDE and the potential additive or synergistic actions between Compounds CDE and
insulin.

[0258] As shown in Fig. 3, treatments of both doses of insulin (10 and 100 nM) signif-
icantly inhibited G6pc expression, which is expected. Treatment of Compounds CDE
alone at the dose of 150 ppb caused a trend of reduction in G6pc expression (Fig. 3).
More dramatically, Compounds CDE treatments at the dose of 300 ppb caused a
robust and significant reduction in G6pc expression in these AML12 liver cells, with
the efficacy at least comparable to 100 nM insulin (Fig. 3). In addition, the tested
combination of insulin treatment with 150 or 300 ppb Compounds CDE also resulted
in a significant reduction in G6pc mMRNA expression, when compared to the control
(Fig. 3). The results clearly demonstrate that Compounds CDE can mimic insulin to
inhibit G6pc expression in AML-12 cells and the effective dose of 300 ppb Com-
pounds CDE is comparable to 100 nM insulin.

Inhibition of G6pc expression and improvement of insulin action in the regula-
tion of G6pc expression by Compounds CDE in AML-12 cells cultured under
simulated diabetic conditions (stimulated by both cAMP and Dex)

[0259] To further investigate the effects of Compounds CDE

on G6pc expression, G6pc MRNA expression in AML-12 cells cotreated with cell-
permeable 8-(4-chlorophenylthio) cAMP (8-CPT) and Dexamethasone (Dex) were
examined. Cyclic AMP (8-CPT) and Dex are well known stimuli of G6pc expression
and glucose production in the liver, which mimics diabetic conditions in vivo. In brief,
AML-12 liver cells were pretreated with water (control) or 150 ppb or 300 ppb of
Compounds CDE combination in 10% FBS but ITS/Dex-free media for 24 hours. This
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initial treatment was followed by retreatment of these selenium compounds in the
presence or absence of 10 nM or 100 nM insulin, 0.1 mM 8-CPT, and 0.5 pM Dex in
serum-free media for 6 hours. After these treatments, cells were collected and sub-
jected to QRT-PCR analysis. Data are presented in FIG. 4 as mean + SEM of four
samples per each group. Different letters (avs b, @ vs b'vs ¢, @" vs b" vs ¢") in FIG.
4 mean a significant difference between those two groups.

[0260] As shown in FIG. 4, AML-12 liver cells treated with 8-CPT/Dex showed a
great increase in the expression of G6pc mRNA. Treatment with both doses of insulin
significantly decreased 8-CPT/Dex-induced G6pc expression in AML-12 cells (when
compared to 8-CPT/Dex group in the bar graph in Figure 4). More importantly, Com-
pounds CDE at the dose of 150 ppb also significantly attenuated 8-CPT/Dex-
induced G6pc expression. The mean levels of G6pc expression were further reduced
in AML-12 cells after treatments of 8-CPT/Dex and the combination of Compounds
CDE at a higher dose (300 ppb), even though the P value was greater than 0.05
(when compared to 8-CPT/Dex group) due to the high variation of G6pc expression
in this treatment group. Regardless, these studies demonstrated that, like insulin,
Compounds CDE alone at the tested doses can inhibit 8-CPT/Dex-

induced G6pc expression (about a 40-48% reduction when compared to the 8-
CPT/Dex group).

[0261] In addition, treatment of Compounds CDE at 150 ppb dose in combination
with 10 nM insulin, along with 8-CPT/Dex, further inhibited G6pc expression in AML-
12 cells when compared to the 10 nM insulin and 8-CPT/Dex group (indicated by a'
vs b' in the bar graph in FIG. 4). Also, the average levels of G6pc mMRNA levels were
lower in AML-12 cells after treatment with 10 nM insulin, 8-CPT/Dec and a higher
dose of Compounds CDE (10 nM insulin/8-CPT/Dex/300 ppb Compounds CDE
group vs 10 nM insulin/8-CPT/Dex/150 ppb Compounds CDE group). However, there
was no statistical difference between these two groups.

[0262] More dramatically, as shown in the inset bar graph, treatment with Com-
pounds CDE at 300 ppb in combination with 100 nM insulin along with 8-CPT/Dex
further significantly inhibited G6pc expression in AML-12 cells when compared to the
100 nM insulin and 8-CPT/Dex group (indicated by a" vs b" vs ¢" in the bar graph in
FIG. 4). Furthermore, G6pc mRNA levels in AML-12 cells after treatments of 100 nM
insulin, 8-CPT/Dex and 300 ppb of Compounds CDE were significantly lower than
those in 100 nM insulin/8-CPT/Dex/150 ppb Compounds CDE group (see inset graph
in FIG. 4).

[0263] Together, these results demonstrate that the combination of insulin and Com-
pounds CDE was even more effective than insulin alone or Compounds CDE alone in
inhibiting increased expression of G6pc due to 8-CPT/Dex treatment.

[0264] Glucose analysis was also performed on the cultured media of AML-12 cells
after the above treatments. Unfortunately, the levels of glucose produced by AML-12
cells, even after 8-CPT/Dex stimulation, were too low to be detected by the sensitive
fluorescence glucose assay (Abcam) (data not shown).

[0265] In summary, these results on AML-12 cells cultured under the above de-
scribed culture conditions demonstrated that Compounds CDE can mimic insulin to
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inhibit G6pc expression under both normal and the in vitro model of pathological or
diabetic condition (e.g., treatment of cells with 8-CPT/Dex).In addition, Compounds
CDE can improve insulin action to inhibit G6pc expression in AML-12 cells cultured
under simulated diabetic conditions. These results provide molecular evidence that
Compounds CDE has the potential to inhibit excess glucose production in Type |
and/or Type Il Diabetics.

Upregulation of the expression of Insr and Igfirin AML-12 cells after treatment
with the Compounds CDE

[0266] Insulin receptor (/nsr) and insulin-like growth factor 1 receptor 1 (/gflr) are es-
sential for insulin and IGF1 action to control G6pc expression, and subsequently glu-
cose production in the liver. To examine whether the Compounds CDE combination
can modulate insulin or IGF1 sensitivity in the liver cells in a receptor-dependent
manner, the expression of the insulin and IGF1 receptors by QRT-PCR analysis was
determined.

[0267] AML-12 cells were first treated with a water control (control, n=4), selenium
Compounds CDE, and their sulfur analogs Compounds HIJ (n=4) in FBS-/Dex-
containing but ITS-free media for 24 hours and then subjected to QRT-PCR analysis
of Insrand Igfir. As shown in FIG. 5A, Insr mRNA level was robustly increased by
2.78-fold following Compounds CDE treatment. Similarly, /gfir expression was also
significantly stimulated by the Compounds CDE by about a 2.2-fold increase (see
FIG. 5B). However, sulfur analogs Compounds HIJ did not af-

fect Insr and Igfir expression in AML-12 cells (see FIGS. 5A and 5B).

[0268] To further validate that Compounds CDE can en-

hance /nsr and Igfir expression, AML-12 cells were treated with two doses of Com-
pounds CDE in FBS-containing but ITS/Dex-free media for 24 hours. The cells were
then retreated with the same doses of Compounds CDE in the presence or absence
of 8-CPT/Dex in FBS/ITS/Dex-free media for 6 hours. In addition, these cells were
treated with insulin for 6 hours to see if there was any difference between insulin and
Compounds CDE in controlling /nsr and Igflr expression.

[0269] As shown in FIGS. 5C and 5D, treatments of Compounds CDE at both 150
ppb and 300 ppb doses, significantly enhanced /nsr and Igfir expression in AML-12
cells without cotreatments of 8-CPT/Dex, when compared to the control (i.e., O ppb
CDE/no insulin and no 8-CPT/Dex group. However, Insulin alone did not in-

crease Insr and Igfir expression in AML-12 cells (see FIGS. 5B and 5C). Similarly,
treatments of Compounds CDE at the dose of 300 ppb, but not insulin, also signifi-
cantly enhanced /nsr and Igfir expression in AML-12 cells cotreated with 8-CPT/Dex
(see black bars in FIG. 5C and 5D).

[0270] These results demonstrate that Compounds CDE can stimu-

late Insr and Igfir expression in AML-12 cells under the tested conditions. In addition,
these data show that there exists a difference between insulin and Compounds CDE
action in regulating gene expression in AML-12 cells. Also, the results suggest that
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Compounds CDE may be useful for treatment of Type | and Type |l diabetics by im-
proving insulin sensitivity.

[0271] Together, the above gene expression studies (FIGS. 2A- 2B, 3, 4) demon-
strate that Compounds CDE, but not the individual compounds or their sulfur ana-
logs, can mimic insulin to significantly attenuate G6pc expression, thereby represent-
ing a novel way to reduce hepatic glucose output. These data also provide molecular
evidence that Compounds CDE can act in a similar way as insulin does in the inhibi-
tion of G6pc expression in mouse liver cells even in the presence of a stimulant of
glucose production, such as 8-CPT/Dex (FIGS. 3-4).

[0272] In addition, Compounds CDE in combination also improves insulin action to
further inhibit G6pc expression in 8-CPT/Dex-stimulated AML-12 cells (FIG. 4). Com-
pounds CDE in combination can stimulate /nsr and Igfir expression (FIGS. 5A-5D)
that also contributes to reduced G6pc expression for glucose production in the liver
together with enhanced insulin/Igf1 sensitivity and glucose trafficking. Moreover,
Compounds CDE in combination did not have toxic effects on the viability of liver
cells (FIG. 1). In short, these results demonstrate that Compounds CDE in combina-
tion mimic insulin to inhibit G6pc expression and also improves insulin action in the
process, likely through the stimulation of /nsr and/or Igflr expression, in mouse liver
AML-12 cells with no toxic effects on cell survival or viability.

Example 5: Compounds CDE target Foxo3 and Foxo4 phosphorylation in AML-
12 cells

[0273] The Forkhead transcription factor family subclass O (FOXO) plays a critical
role in metabolism, gluconeogenesis, and insulin sensitivity in the liver. Intracellular
activity of FOXO genes is tightly regulated by post-translational modification. In par-
ticular, phosphorylation of FOXOs excludes it from the nucleus, thereby blocking its
access to its target genes. In insulin-resistant or diabetic individuals, there is no sig-
nal to exclude FOXOs from the nucleus, so it remains present in the nucleus and
stimulates the transcription of G6pc. Increased expression of G6pc drives gluconeo-
genesis, leading to hyperglycemia. Insulin-like growth factors (IGFs) also can modu-
late insulin action to control FOXO-mediated G6pc expression for glucose production
in the liver.

[0274] As described earlier, AML-12 liver cells demonstrated that Compounds CDE
in combination can mimic insulin action to inhibit G6pc expression and can improve
insulin action in the process. Since FOXOs are major signaling molecules for gluco-
neogenesis and insulin sensitivity in the liver, the question of whether Compounds
CDE, like insulin, will target FOXOs and other related signaling molecules in AML-12
cells was examined.

Compounds CDE target Foxo3 and Foxo4 phosphorylation in AML12 cells cul-
tured in serum-containing media
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[0275] To determine if the combination of Compounds CDE can regulate FOXO
phosphorylation in the liver, AML-12 cells were treated with control, and 150 ppb of
selenium Compounds CDE, and their sulfur analogs, 150 ppb of Compounds HIJ, in
serum-and Dex-containing media but without ITS for 6 hours. Treated cells were sub-
jected to Western blot analysis. Quantitative data of protein expression in Western
blots are presented as mean + SEM of 3 samples. Different letters in the bar graphs
means a significant difference between those two groups (P < 0.05).

[0276] FIG. 6A shows protein expression of various signaling molecules including
phosphorylated Foxo3T32 (Threonine 32; pFoxo3T32), phosphorylated Foxo T28
(Threonine 28; pFoxo4T28), phosphorylated PDK1 (pPDK1), phosphorylated AKT
T308 (Threonine 308; pAKTT308), phosphorylated AKT S473 (Serine 473;
pPAKTS473), AKT, phosphorylated Gsk3a S21 (Serine 21; pGsk3bS21), phosphory-
lated Gsk3b S9 (Serine 9; pGsk3bS9), Gsk3a, Gsk3b, phosphorylated 4EBP1 T37/46
(Threonine 37 and Threonine 46; p4AEBP1T37T46), phosphorylated EIf2beS539 (Ser-
ine 530; pEIf2beS530) and Elf2be in AML-12 cells after treatment with water, and 150
ppb of Compounds HIJ and 150 ppb of Compounds CDE diluted in serum- and Dex-
containing media (but without ITS) for 6 hours. It was found that phosphorylated
forms of Foxo3 (e.g., pFoxo3 at Threonine 32, pFoxo3T32) and Foxo4 (e.g., pFoxo4
at Threonine 28, pFoxo4T28) proteins were found to be visibly elevated in AML-12
cells after treatment with Compounds CDE, but not Compounds HIJ, for 6 hours
(FIG. BA). Quantitative analysis showed there was approximately a 2.5-fold increase
of pFoxo3T32 and about a 3.2-fold increase of pFoxo04T28 in Compounds CDE-
treated AML-12 cells (FIG. 6B and 6C). We also tested several phosphorylated
Foxo1 (pFoxo1) antibodies, but failed to detect a specific pFoxo1 protein band on
Western blots by these antibodies (data not shown). The results suggest that pFoxo1
expression in AML-12 cells is likely very low.

[0277] QRT-PCR analysis of Foxo1, Foxo3, and Foxo4 protein levels in AML-12 cells
after the same treatment described above were performed. There was no observa-
tion of any significant change of Foxol, 3, or 4 mMRNA expression (data not shown)
and the observed increase of phosphorylated Foxo3 and Foxo4 (see FIGS. 6A-6C) is
not due to the potential increase of Foxo3/4 protein expression in AML-12 cells by
Compounds CDE. In fact, total Foxo3 and Foxo4 protein levels were not affected by
Compounds CDE in AML-12 cells cultured in serum-free condition (see FIG. 7A).

[0278] In addition, individual Compound C, Compound D and Compound E each at
150 ppb dose in AML-12 cells were tested to determine the effect on Foxo3/4 phos-
phorylation at the same culture condition (in serum-containing media) for 6 hours and
24 hours. No change of pFoxo3T32 and pFoxo4T28 protein levels after treatment
with individual Compound C, Compound D or Compound E treatment was observed
(data not shown), indicating that there exists a synergistic effect among Compound
C, Compound D and Compound E in combination which leads to phosphorylation of
Foxo3 and Foxo4 in AML-12 cells.

[0279] Together, these results demonstrate that Compounds CDE, but not the indi-
vidual compounds or their sulfur analogs, can enhance Foxo3 and Foxo4 phosphory-
lation in AML-12 cells when cultured in serum-containing media. As phosphorylation
of FOXOs results in nuclear exclusion of these transcription factors, these results
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suggest that Compounds CDE will function as Foxo3 and Foxo4 inactivators in AML-
12 liver cells.

[0280] Since phosphatidylinositol 3-kinase (PI3K)/phosphoinositide-dependent pro-
tein kinase 1 (PDK1)/Protein Kinase B (AKT) is the major signaling pathway up-
stream of FOXOs for the insulin-mediated control of glucose production in the liver, it
was assessed whether there was any change in the levels of phosphorylated PDK1
(pPDK1) and AKT (pAKT) in these compound-treated AML-12 cells. Surprisingly at
the tested 6 hours of treatment, Compounds CDE did not affect the phosphorylation
of PDK1 and AKT, or total AKT levels (FIG. 6A). This could be due to the potential
transient effects of Compounds CDE on the activation of PDK1 and AKT which oc-
curs in AML-12 cells at earlier time points (before the tested 6 hour time point exam-
ined).

[0281] In addition, levels of two other downstream signaling molecules, phosphory-
lated GSk3a and GSK3b, which are directly controlled by AKT, were not observed to
have any change in their protein levels (FIG. 6A). The levels of phosphorylated
4EBP1 (a downstream molecular target of AKT/mTOR signaling) and pelf2Be, S539
(a downstream molecular target of Gsk3) that are key for insulin-driven protein syn-
thesis or translation were also not affected (see FIG. 6A). These results provide addi-
tional direct molecular evidence that Compounds CDE did not have a toxic effect on
AML-12 cell proliferation or survival as described earlier (FIG. 1).

[0282] Together, these results suggest that Compounds CDE did not affect several
AKT-direct or -indirect downstream signaling molecules such as Gsk3a, Gsk3b,
p4EBP1 and pElf2be S539, except the above described Foxo3 and Foxo4 in AML-12
cells in the presence of serum in culture media. In other words, Compounds CDE can
selectively inactivate FOXOs by enhancing their phosphorylation in AML-12 liver
cells.

Compounds CDE target Foxo3/4 phosphorylation in AML-12 cells cultured in
serum-free conditions

[0283] As mentioned earlier, AML-12 cells can be cultured in serum-free media for a
short time period of time (i.e., 6 hours) without obvious morphological defects (data
not shown). Thus, the protein levels of phosphorylated Foxo3 and Foxo4 proteins in
AML-12 cells cultured under serum-free conditions was examined.

[0284] In brief, AML-12 cells were treated with control (water), Compounds CDE (150
ppb of selenium of each compound), Compounds CE (150 ppb of selenium of each
compound) or Compounds DE (150 ppb of selenium of each compound) in serum-
free, ITS-free, and Dex-free media for 6 hours and subjected to Western blot analysis
and quantitative analysis. Quantitative data were normalized by Actb protein level
and are presented as mean + SEM of 3 samples. Different letters in the bar graphs of
FIGS. 7B and 7C means a significant difference between those two groups (P <
0.05).

[0285] As shown in FIG. 7A, the phosphorylated protein levels of Foxo3 (pFoxo3 at
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Threonine 32) and Foxo4 (pFoxo4 at Threonine 28) were found to be elevated in
AML-12 cells after treatment with Compounds CDE and Compounds CE, but not
Compounds DE, for 6 hours in serum-free medium. There was no obvious change of
total Foxo3 and Foxo4 protein levels after the treatments with the selenium com-
pounds (FIG. 7A). No specific band of pFoxo1 was detected using several specific
pFoxo1 antibodies on these protein samples (data not shown).

[0286] Quantitative analysis showed that there was approximately a 1.8-fold increase
of pFoxo3T32 (FIG. 7B) and about a 6-fold increase of pFoxo4T28 (FIG. 7C) levels in
Compounds CDE-treated and Compounds CE-treated AML-12 cells. All other tested
molecules such as pPdk1, pAkt, pGsk3a, pGsk3b, and p4ebp1 were not obviously
altered by Compounds CDE (see FIG. 7A). The above results obtained from AML-12
cells cultured in serum-free condition by Compounds CDE are consistent with the
findings from AML-12 cells cultured in serum-containing media (FIGS. 6A-6C). The
enhancement of Foxo3 and Foxo4 phosphorylation by Compounds CDE in AML-12
cells is totally independent of FBS, growth factors or insulin, since insulin or FBS
were not added to the culture medium of the cells in this experiment. In other words,
Compounds CDE can bypass insulin or growth factors to inactivate Foxo3 and Foxo4
in liver cells.

[0287] In short, these results demonstrate that Compounds CDE can specifically tar-
get Foxo3 and Foxo4 phosphorylation in AML-12 cells cultured in both serum-
containing (FIGS. 6A-6C) and serum-free media (FIGS. 7A-7C). Therefore, it can be
concluded from these studies that Compound CDE are novel FOXO inactivators and
the inactivation of these FOXO molecules by Compounds CDE is insulin-, FBS- and
other growth factor-independent in mouse liver cells.

[0288] To test if the observed increase of FOX04 phosphorylation in the AML-12 liv-
er cells is a general effect of the Compounds CDE combination in mammalian cells,
we examined pFOXO4 levels in a non-liver IMR-32 neuronal cell line in that tests
were performed at the same time and under the same experimental conditions as the
AML-12 liver cells. As shown in FIG. 8, increased FOX04 phosphorylation was not
observed in Compounds CDE-treated IMR-32 neuronal cells. The protein levels of
phosphorylated FOX0O1 and FOXO3 were also examined and found that phosphory-
lated FOXO3 were barely detected and phosphorylated FOXO1 were undetected in
IMR-32 cells by their specific antibodies (data not shown). Regardless, the absence
of increased phosphorylation of FOX04 in IMR-32 cells by Compounds CDE (FIG. 8)
indicates that Compounds CDE in combination likely have no toxic effects on neu-
ronal cells. Thus, we can conclude that enhanced FOXO phosphorylation by Com-
pounds CDE is likely liver-cell specific.

[0289] Taken together, these results suggest that the Compounds CDE, but not the
individual compounds or their sulfur analogs, will function as novel liver cell-specific
FOXO inactivators and that the inactivation of these FOXO molecules in mouse liver
cells by Compounds CDE is independent of insulin and any other growth factors.

[0290] Previous data described herein demonstrated that Compounds CDE can mim-
ic insulin action to inhibit G6pc expression and improve insulin action to further inhibit
G6PC expression in AML-12 cells (FIGS. 3-4). The latter (FIG. 4), as discussed earli-
er, could be also attributed to enhanced Insr and Igfir expression (FIGS. 5A-5D). All
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these events are likely due to the insulin/growth factor/FBS-independent inactivation
of Foxo3 and Foxo4 by Compounds CDE (FIGS. 6A-6B, 7A-7C), since Gépc is a
well-known FOXO target gene in human liver while Insr and Igfir are two potential
Foxo3/4 target genes due to the presence of many Foxo binding motifs in their gene
promoters (data not shown). Enhanced Insr and Igfir expression by Compounds CDE
(FIGS. 5A-5D) will further enhance the action of insulin or improve the insulin sensi-
tivity to further stimulate Foxo3/4 phosphorylation to inhibit G6pc expression.

[0291] Regardless, these results suggest that the combination of Compounds CDE
can specifically act as a potent insulin-independent or other growth factor-
independent FOXO inactivator in AML-12 liver cells to reduce G6pc expression and
likely lower hepatic glucose output. In addition, administration of Compounds CDE
likely will lessen the physiological consequences of a liver cell becoming insulin-
resistant, in the context of controlling G6pc expression to lower hepatic glucose out-
put. Bypassing insulin to enhance Foxo phosphorylation by Compounds CDE, while
still being able to control glucose homeostasis through the regulation of FOXO-
mediated G6pc expression, opens up many therapeutic possibilities for the treatment
of diabetes in general. As a consequence, diabetes treatment becomes less depend-
ent on the unilateral administration of exogenous insulin or, the correct functioning of
insulin receptors.

Example 6

The Compounds CDE in combination improve insulin action in the inhibition
of G6pc expression and glucose production and bypass insulin to regulate
Pdk1/Akt/Foxo1/3/4 signaling in primary mouse hepatocytes without being tox-
ic to cells

[0292] A combination of three synthetic selenoorganic compounds, Compounds
CDE, were tested in combination in cell culture of primary mouse hepatocytes for
effects on glucose production, G6pc expression and Foxo1/3/4 phosphorylation.

Materials and Methods

Primary mouse hepatocyte isolation and compounds

[0293] Primary mouse hepatocytes were purchased from Triangle Research Labs,
LLC (Research Triangle Park, North Carolina). These primary mouse hepatocytes
were isolated from adult healthy normal C57BL6 mice, cultured on collagen-coated
12-well or 24 well-plates for 24 hours in Triangle Research Labs (TRL) and then
shipped to our laboratory for the experiments.
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[0294] Compound C (5'-Methylselenoadenosine), D (Se-Adenosyl-L-homocysteine)
and E (Gamma-glutamyl-methylseleno-cysteine), were synthesized in the Chemistry
Laboratory of Alltech, Inc. The purities of all tested compounds were verified to be =
99%, as determined by Mass-Spectrometry.

Cell culture and treatments

[0295] Primary mouse hepatocytes, grown on 12- or 24-well collagen-coated culture
plates, were received from Triangle Research Lab (TRL) on day 3 after the fresh iso-
lation of hepatocytes from mice and cultured in hepatocyte maintenance medium
(TRL) in a 5% CO:2 incubator at 37°C to allow the hepatocytes to acclimate for 8
hours or overnight, according the TRL recommended procedure (Research Triangle
Park, NC).

[0296] The overnight-acclimated hepatocytes were washed twice with PBS (to re-
move any residual FBS and other additives in the TRL hepatocyte maintenance me-
dium, pretreated with control (water) or selenium Compounds CDE (150 or 300 ppb
of each selenium compound) in DMEM/F12 media supplemented with 10% fetal bo-
vine serum (FBS) for 24 hr. These cells were then washed twice with PBS and incu-
bated with the same dose of selenium Compounds CDE (150 or 300 ppb) in the
presence or absence of insulin (10 or 100 nM, Sigma), 0.1 mM 8-CPT (Sigma) or 0.5
MM Dex (Sigma) in serum-free and glucose-free DMEM media (Invitrogen) supple-
mented with 20 mM lactose (Sigma) and 2 mM pyruvate (Sigma) and 15 mM HEPES
(Sigma) for another 6 hours. After treatments, cell media were collected and subject-
ed to glucose assay and toxicological studies of lactate dehydrogenase (LDH) and
cells were collected for RNA and protein analysis.

[0297] For the studies of Compounds CDE on primary mouse hepatocytes under to-
tally serum-free culture conditions, hepatocytes were acclimated in hepatocyte
maintenance medium (TRL) for 8 hours, washed twice with PBS (to remove any re-
sidual FBS and other additives in the culture dish) and then starved in serum-free
DMEM/F12 media overnight. Some of these serum-starved hepatocytes were treated
with control (water), selenium compounds (150 or 300 ppb of each compound) in the
presence or absence of insulin (10 or 100 nM), 0.1 mM 8-CPT (Sigma) or 0.5 uM
Dex (Sigma) in serum-free and glucose/phenol red-free DMEM media supplemented
with 20 mM lactose and 2 mM pyruvate and 15 mM HEPES for 6 hours. After 6 hours
treatment, culture media were collected for glucose analysis and toxicological studies
monitoring LDH activity and cultured cells were isolated for protein analysis. In addi-
tion, some serum-starved hepatocytes were treated with Compounds CDE (300 ppb
of each compound) in plain DMEM/F12 media for O, 5, 30, 60, 120 and 180 min and
cells were collected for the time-course protein analysis of various signaling mole-
cules.

RNA isolation and Real-time PCR analysis
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[0298] Total RNA from these cells was isolated using Trizol (Invitrogen) according to
the Manufacturer's protocol and then incubated with DNase | to remove any potential
contaminated genomic DNA. Then RNA samples were subjected to real-time PCR
analysis using the Applied-Bioscience's RT kit and predesigned Tagman probes
(Invitrogen), as described previously (Lan et al EMBO J 2003). Three to four samples
were analyzed in each treatment group. Data were normalized by Actb mRNA level in
each sample and are presented as mean + SEM of 3-4 samples.

Protein preparation and Western blot analysis

[0299] After the above described treatments, primary mouse hepatocytes were
rinsed with ice-cold PBS and lysed in the ice-cold RIPA buffer containing complete
proteinase and phosphatase inhibitors (Thermo-Fisher Scientific, Waltham, MA) on
ice for 30 min. Cell lysates were collected using a cell scraper and transfer pipette
and then centrifuged at 12000 x g for 30 min at 4°C to remove the DNA pellet and
obtain the protein extract. Protein levels in the supernatant of these cell lysates were
determined using the Pierce Micro-BCA protein assay kit (Thermo Scientific-Piece
Biotechnology, Rockford, IL) according to the manufacturer's protocol.

[0300] For Western blot analysis, five micrograms of total proteins from control- and
compound(s)-treated cells were subjected to SDS-PAGE gel separation and then
transferred to PVDF membranes, as described previously (Reddy et al. 2008 Sci-
ence). Membranes were blocked in a phosphate-buffered saline (PBS) containing 5%
(w/v) of bovine serum albumin (Sigma, St. Louis, MO) and incubated with specific
primary antibodies followed by the incubation with HRP -conjugated anti-mouse or
anti-rabbit secondary antibodies (1:5000 dilution, Cell Signaling Inc.). All primary an-
tibodies except Actb (Li-COR, Lincoln, Nebraska) were purchased from Cell Signal-
ing Inc. Positive signals on the membrane blots were detected using the Amersham's
enhanced chemiluminescence Western Blotting Prime Detection reagents (GE
Healthcare Lifescience, Pittsburgh, PA). Images of these luminescence signals on
the membrane blots were captured using the LI-COR Odyssey Fc Image system
(Lincoln, Nebraska). The same membrane blot was stripped and re-blotted with an-
other antibody as described in the GE WB ECL-prime-detection protocol (GE
healthcare Lifescience, Pittsburgh, PA). Protein band densities in the Western blots
were determined using the NIH ImagedJ software and then normalized by Actb level in
each sample. Data are presented as mean + SEM of three samples per each group.

Analysis of glucose production

[0301] Cell culture media from the above described treatments were collected and
centrifuged at 300 x g for 5 minutes to remove any potential dislodged hepatocytes
and subjected to glucose analysis using a colormetric glucose assay kit (Abcam) ac-
cording to the manufacturer protocol. The absorbance at OD570 nm in the samples
and various concentrations of glucose standards were determined by the Bio-Tek
microplate reader, and glucose concentration in the medium of each sample was ob-
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tained from the glucose standard curve, and then normalized by its protein level in
attached cells which were determined using the Pierce Micro-BCA protein assay kit
(Thermo Scientific-Piece Biotechnology, Rockford, IL) according to the manufactur-
er's protocol. Glucose levels in each treatment group were divided by the mean level
in control group (without the treatments of Compounds CDE, insulin, 8-CPT and Dex)
to obtain the relative glucose level. Data are presented as Mean + SEM of 3-4 sam-
ples.

Toxicological studies by examining LDH level in culture media

[0302] Similar to the above glucose assay, cell culture media from the above de-
scribed treatments were collected and centrifuged at 300 x g for 5 minutes to remove
any potential dislodged hepatocytes and subjected to LDH analysis using a colormet-
ric glucose assay kit (Abcam) according to the manufacturer protocol. In brief, the
absorbance at OD450 nm in LDH standards and the culture medium samples after
incubation with LDH substrates for every two minutes up to 40 minutes were deter-
mined by the Bio-Tek microplate reader. LDH concentration in the medium of each
sample was obtained by subtracting the OD450 reading within the linear range of
absorbance followed by using the LDH standard curve, according to the manufactur-
er protocol. The obtained LDH level in the medium of each sample was then normal-
ized by its protein level in attached cells. The LDH levels in each treatment group
were further normalized by the mean value of control group (without the treatments of
Compounds CDE, insulin, 8-CPT and Dex) to obtain the relative LDH level in each
group. Data are presented as Mean + SEM of 3-4 samples.

Statistical analysis

[0303] If applicable, a Student's t-test was performed to determine the statistical dif-
ference between two groups. P-value less than 0.05 was considered significant.

Results and Discussion

Compounds CDE in combination inhibit glucose production
and G6pc expression in primary mouse hepatocytes

[0304] Previous studies described herein in AML-12 cells demonstrate that Com-
pounds CDE can mimic insulin to inhibit G6pc expression (FIGS. 3-4) but have no
toxic effects on AML-12 cell viability (FIG. 1). However, whether Compounds CDE
can control glucose production in AML-12 cells was not established, as the levels of
glucose in culture media produced by AML-12 cells were too low to be detected by a
sensitive fluorescence glucose assay kit (Abcam, data not shown). Thus, primary
mouse hepatocytes were used to investigate if Compounds CDE can mimic insulin to
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inhibit glucose production and to further confirm the inhibited effects of Compounds
CDE on G6pc expression but no toxic effects on cell survival observed in AML-12
cells.

[0305] Similar to the studies on AML-12 cells, primary mouse hepatocytes were pre-
treated with a control (water) or 150 ppb and 300 ppb doses of selenium Compounds
CDE in serum-containing DMEM/F12 media for 24 hours. This treatment was fol-
lowed by retreatments with these selenium compounds in the presence or absence of
insulin (10 and 100 nM) or insulin alone for 6 hours. In addition a cell-permeable
cAMP, 8-CPT and Dex were also added to some control-pretreated hepatocytes for 6
hours to validate whether the primary mouse hepatocytes were functioning in re-
sponse to these well-known stimuli of glucose production in liver cells. After the
above described treatments, cell culture media were collected for glucose assay and
toxicological analysis (by measuring LDH levels). Attached cells were subjected to
protein analysis to determine protein levels in each well reflecting the total cells in the
sample. Then glucose levels obtained in culture medium were normalized by protein
levels in each sample. Data are presented as mean + SEM of 4 samples. In FIGS.
9A-9B, the *P < 0.05 vs vehicle treatment group (the first bar in the graphs). In FIG.
9C, no significant increase in all treatment groups vs control treatment group (the first
bar in the graph).

[0306] As shown in FIG. 9A, treatments of 8-CPT/Dex caused a significant increase
of glucose production in primary hepatocytes, indicating that these primary hepato-
cytes were biologically functional even after having been processed, shipped and
cultured for 5 days since their initial isolation from mouse livers. To further support
this finding, treatment with insulin alone at 10 nM and 100 nM doses caused a signifi-
cant decrease of glucose production (about a 25-30% decrease when compared to
the water-treated control group; see FIG. 9A).

[0307] More importantly, treatments with Compounds CDE at both doses (150 ppb
and 300 ppb) significantly reduced the glucose production at about a 20-28% de-
crease when compared to the water-treated control group (see FIG. 9A). Cotreat-
ments of Compound CDE with insulin also significantly inhibited glucose production
by about 32-38% decrease in tested treatments when compared to control group
(see FIG. 9A).

[0308] It should be emphasized here that the extent of the decrease of glucose pro-
duction by Compounds CDE at both test doses were comparable to insulin (10 or 100
nM), suggesting that Compounds CDE at the tested doses are as effective as insulin
at the concentration of 100 nM to inhibit glucose production. Our data also indicate
that the maximum attainable decrease of glucose production by insulin, Compounds
CDE or both is about 20-38% in these hepatocytes. Regardless, our data demon-
strate that Compounds CDE can mimic insulin to inhibit glucose production in primary
mouse hepatocytes.

[0309] G6pc is essential for glucose production in the liver. Thus we exam-

ined G6pc expression in the same batch of hepatocytes after the same treatments. In
brief, a duplicate set of primary hepatocytes were pretreated with control (water) or
selenium Compounds CDE at the doses of 150 and 300 ppb in serum-containing
DMEM/F12 media, followed by retreatments with these selenium compounds in the
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presence or absence of insulin (10 and 100 nM) for 6 hours. After these treatments,
hepatocytes were collected and subject to RNA isolation followed by QRT-PCR anal-
ysis of G6pc and Actb.

[0310] As shown in Fig. 9B, insulin alone or in the presence of both doses of Com-
pounds CDE significantly inhibited G6pc expression. Compounds CDE at 150 ppb
also caused a decrease of G6pc expression (about 31% decrease, Fig. 9B), even
though it was not statistically significant likely due to the limited number of samples.
However, a significant decrease (42% decrease) of G6pc mMRNA levels was observed
in hepatocytes after treatment with Compounds CDE alone at 300 ppb (Fig. 9B).
These results demonstrate that Compounds CDE also can mimic insulin, albeit slight-
ly less efficiently than insulin at the dose of 100 nM, to inhibit G6pc expression in
primary mouse hepatocytes. These findings are consistent with the inhibition

of G6pc expression in AML12 cells (FIG. 3) and attenuated glucose production by
Compounds CDE in primary mouse hepatocytes described above (FIG. 9A).

[0311] Lactate Dehydrogenase (LDH) is widely used in drug development for study-
ing of compound toxicity in liver cells. An increase of LDH level in culture media (after
normalized by protein levels in cultured cells) by compound treatments suggests that
the compound will be toxic to liver cells due to cell breakdown or cell membrane
leakage to release cytosolic LDH into culture medium. To investigate if Compounds
CDE is toxic to primary mouse hepatocytes and whether the observed decrease of
glucose production and G6pc expression by Compounds CDE (FIGS. 9A and 9B)
was due to toxicity, LDH levels in the media of primary mouse hepatocytes after
treatment with Compounds CDE as described in the above glucose assay were ex-
amined.

[0312] In brief, primary mouse hepatocytes were pretreated with control (water) or
selenium Compounds CDE at the doses of 150 and 300 ppb in serum-containing
DMEM/F12 media, followed by retreatment with these selenium compounds in the
presence or absence of insulin (10 and 100 nM) for 6 hours. Cell culture media were
then collected for toxicological analysis of LDH and attached cells were subjected to
protein analysis to determine protein levels in each. The LDH level obtained in culture
medium was normalized by its protein level in each sample.

[0313] As shown in FIG. 9C, treatment with Compounds CDE, insulin or both did not
cause a significant increase of LDH levels in the media. Instead, LDH levels appear
to be slightly decreased in hepatocytes after treatment with Compounds CDE at the
dose of 300 ppb either in the presence or absence of insulin, indicating that Com-
pounds CDE at a higher dose may even impact a protective effect against cell break-
down.

[0314] As such, these results demonstrate that Compounds CDE are not toxic to
primary mouse hepatocytes, which is consistent with the non-toxic effects of Com-
pounds CDE on the viability of AML-12 cells (FIG. 1). In addition, these results also
exclude the possibility that the above observed decrease of glucose production
and G6pc expression (FIGS. 9A and 9B) is caused by less healthy hepatocytes in
primary mouse hepatocytes after treatment with Compounds CDE.

[0315] Together, the above studies demonstrate that Compounds CDE can mimic
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insulin to inhibit G6pc expression and, more importantly, glucose production in prima-
ry mouse hepatocytes without being toxic to the cells. These results are consistent
with insulin-independent inhibition of G6pc expression and no toxicity to cell survival
observed in stable mouse liver AML-12 cells (FIG. 1 and FIG. 3).

Inhibition of glucose production and G6pc expression and improvement of in-
sulin action in these processes in primary mouse hepatocytes under simulated
diabetic conditions (simulated by both 8-CPT and Dex) by Compounds CDE

[0316] The studies described herein demonstrate that Compounds CDE in combina-
tion can mimic insulin to inhibit G6pc expression and improve insulin action in AML-
12 cells under the stimulation of 8-CPT/Dex (FIG. 4). To further investigate the ef-
fects of Compounds CDE, glucose production and G6pc mRNA expression were ex-
amined in primary mouse hepatocytes cotreated with cAMP and Dex, two well-known
stimuli of glucose production and G6pc expression in the liver.

[0317] In brief, primary mouse hepatocytes were pretreated with control (water) or
150 or 300 ppb Compounds CDE combination in 10% FBS DMEM/F12 media for 24
hours followed by retreatment of these selenium compounds in the presence or ab-
sence of 10 or 100 nM insulin, 0.1 mM 8-CPT and 0.5 uM Dex in serum-free media
for 6 hours. After these treatments, culture media were collected for glucose and LDH
assays as described earlier. Also a duplicate set of primary mouse hepatocytes (from
the same batch of hepatocytes) after the same treatments as described above were
subjected to QRT-PCR analysis of G6pc expression. Data are presented as mean *
SEM of 3-4 samples. In FIGS. 10A-10B, different letters (avs b, a' vsb' vsc', a"vs b"
vs ¢") mean a significant difference between those two groups. In FIG. 10C, the * P <
0.05 vs vehicle treatment group (the first bar in the graph).

[0318] As shown in FIG. 10A, treatment with 8-CPT/Dex caused a significant in-
crease in glucose production when compared to control only treatment group. This
data indicated that the cultured primary mouse hepatocytes are functional. Treat-
ments with both doses of insulin significantly decreased 8-CPT/Dex-induced glucose
production in the hepatocytes when compared to 8-CPT/Dex group (see FIG. 10A).
Importantly, treatment with Compounds CDE at the dose of 150 ppb tended to inhibit
8-CPT/Dex-stimulated glucose production in hepatocytes. More dramatically, Com-
pounds CDE at the dose of 300 ppb significantly inhibited 8-CPT/Dex-stimulated glu-
cose production in hepatocytes and the extent of decreased glucose production was
almost identical to the effects of 100 nM insulin. These results suggest that Com-
pounds CDE at 300 ppb is as effective as insulin at the concentration of 100 nM to
inhibit glucose production in primary hepatocytes even under conditions similar to
diabetic conditions. These results are consistent with the findings observed in the no-
8-CPT/Dex-cotreated primary mouse hepatocytes (FIG. 9A), further suggesting that
Compounds CDE in combination will mimic insulin, but in an insulin-independent
manner, to inhibit glucose production.

[0319] In addition, Compounds CDE at both tested doses in combination with 10 nM
or 100 nM insulin not only significantly inhibited 8-CPT/Dex-induced glucose produc-
tion in primary mouse hepatocytes when compared to 8-CPT/Dex treatment group,
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but also displayed more effectiveness in the process than Compounds CDE or insulin
alone at the tested doses (FIG. 10A). For instance, the extent of decreased 8-
CPT/Dex-induced glucose production in hepatocytes after treatment with the combi-
nation of 150 ppb of Compounds CDE and 10 nM insulin was more pronounced than
150 ppb of Compounds CDE or 10 nM insulin alone. More evidently, glucose produc-
tion was further decreased in the hepatocytes after the treatment of 300 ppb of Com-
pounds CDE and 100 nM insulin (a decrease to below the levels of control-treated
cell group), even though Compounds CDE at 300 ppb or 100 nM insulin alone were
very effective in the inhibition of 8-CPT/Dex-induced glucose production (FIG. 10A).
The combinations of 10 nM insulin and Compounds CDE at 150 ppb or 300 ppb and
the combination of 100 nM insulin and Compounds CDE at 150 ppb almost complete-
ly inhibited 8-CPT/Dex-induced glucose production (a decrease near to levels of con-
trol cells without 8-CPT/Dex treatment). These results demonstrate that Compounds
CDE can either replace or improve insulin action to inhibit 8-CPT/Dex-induced glu-
cose production in primary mouse hepatocytes.

[0320] As described earlier, it was found that Compounds CDE in combination can
mimic insulin to inhibit 8-CPT/Dex-induced G6pc expression and improve insulin ac-
tion in the process in AML-12 cells (see FIG. 4). The inhibition of G6pc expression
could lead to an inhibition of glucose production in primary mouse hepatocytes. Thus,
mouse hepatocytes were pretreated with water (control) or 150 or 300 ppb Com-
pounds CDE combination in 10% FBS DMEM/F12 media for 24 hours followed by
retreatment of these selenium compounds in the presence or absence of 10 or 100
nM insulin, 0.1 mM 8-CPT and 0.5 pM Dex in serum-free media for 6 hours. After
these treatments, cells were collected and subjected to QRT-PCR analysis

of G6pc expression.

[0321] As shown in FIG. 10B, 8-CPT/Dex caused a great increase (about 130-fold
increase) in the expression of G6pc MRNA. These data further confirming that the
hepatocytes were functioning correctly. Treatment with both doses of insulin signifi-
cantly decreased 8-CPT/Dex-induced G6pc expression in primary mouse hepato-
cytes when compared to 8-CPT/Dex group (when compared to 8-CPT/Dex group in
the bar graph in Fig. 10B). Similar to the above glucose studies, Compounds CDE
treatment at the dose of 150 ppb showed a trend, albeit non-significant, to inhibit 8-
CPT/Dex-stimulated G6pc in hepatocytes (see FIG. 10B). However, Compounds
CDE at the dose of 300 ppb significantly inhibited 8-CPT/Dex-induced G6pc mMRNA
expression, but this was not as potent as the tested doses of insulin (see FIG. 10B).
These results clearly demonstrate that Compounds CDE can inhibit 8-CPT/Dex-
induced G6pc expression in an insulin-independent manner, similar to the results
obtained in AML-12 cells (FIG. 4).

[0322] Treatment of Compounds CDE at 300 ppb in combination with 10 nM or 100
nM insulin further significantly inhibited 8-CPT/Dex-stimulated G6pc expression in
hepatocytes when compared to 10 or 100 nM insulin or 300 ppb Compounds CDE
treatment. These results are indicated in FIGS. 10B by a' vs b' or a" vs b" in the bar
graph. These results indicate that the combination of insulin and Compounds CDE at
300 ppb was even more effective in inhibiting increased expression of G6pc by 8-
CPT/Dex.

[0323] The above studies demonstrate that Compounds CDE, especially at the dose
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of 300 ppb, can mimic insulin, albeit less effectively than insulin, to inhibit 8-CPT/Dex-
induced G6pc expression and improve insulin action in the process in the primary
mouse hepatocytes. These results are partly consistent with the findings observed in
AML-12 cells (FIG. 4). Since G6pc is required for glucose production, the above ob-
served inhibition of 8-CPT/Dex-stimulated glucose production by Compounds CDE
(FIG. 10A) is at least partly due to their downregulation of G6pc expression in primary
mouse hepatocytes (FIG. 10B).

[0324] The LDH levels in the cultured media of the above treated hepatocytes was
examined to further investigate whether Compounds CDE are toxic to primary
hepatocytes cultured in the presence of 8-CPT/Dex and whether the above observed
decrease of glucose production and G6pc expression by Compound CDE (FIG. 10A-
B) is due to potential toxicity (as indicated by elevated LDH levels in the medium) of
Compounds CDE in the hepatocytes.

[0325] As shown in FIG. 10C, treatments of 8-CPT/Dex either in the absence or
presence of insulin slightly enhanced LDH levels when compared to vehicle control.
However, there was no significant increase of LDH levels in hepatocytes after treat-
ment with 8-CPT/Dex along with Compounds CDE at both tested doses in the ab-
sence or the presence of insulin (see FIG. 10C). Also, the slightly increased LDH lev-
els in hepatocytes after treatment with 8-CPT/Dex and insulin were not observed by
the co-treatment with Compounds CDE at both tested doses (see FIG. 10C).

[0326] These results further indicate that Compounds CDE are not toxic to primary
hepatocytes cultured in the presence of 8-CPT/Dex. Also, these results exclude the
possibility that the above observed decrease of 8-CPT/Dex-stimulated glucose pro-
duction and G6pc expression (see FIGS. 10A and 10B) is caused by less healthy
hepatocytes in primary mouse hepatocytes after Compounds CDE treatment.

[0327] In summary, the above studies demonstrate that Compounds CDE can mimic
insulin to inhibit glucose production and G6pc expression and improve insulin action

in these processes with no toxicity in primary mouse hepatocytes even under condi-

tions similar to diabetic conditions (stimulated by 8-CPT/Dex).

[0328] The inhibition of glucose production by Compounds CDE (described above)
was characterized in primary mouse hepatocytes pretreated with the compounds of
the present disclosure in serum-containing media. To further confirm that Com-
pounds CDE can mimic insulin to inhibit glucose production in an insulin-independent
and other growth factor-independent manner, totally serum-free culture conditions
were adopted to remove any potential trace of insulin or other growth factors in FBS.
The effects of Compounds CDE on glucose production as well as its potential toxic
effect (i.e., LDH level in culture media) in primary mouse hepatocytes cultured under
serum-free conditions were examined.

[0329] In brief, primary mouse hepatocytes were serum-starved overnight. The cells
were then treated with control (water), or 150 ppb or 300 ppb of Compounds CDE in
the presence or absence of insulin, 8-CPT, and Dex in totally serum-free media for a
short time period (i.e., 6 hours). Then media were collected and subjected to glucose
and LDH analysis and cultured cells to protein analysis for normalization of glucose

production and LDH level. Data are presented as mean + SEM of 3 samples. In FIG.
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11A, the # P < 0.05 vs basal control group (the first bar in the graph) and the * P <
0.05 vs the 8-CPT/Dex treatment group (the first filled bar in the graph.

[0330] The effects of Compounds CDE on glucose production in mouse hepatocytes
without co-treatments of 8-CPT/Dex were investigated (see FIGS. 11A-11B). As
shown in FIG. 11A, treatments of both doses of insulin alone significantly inhibited
glucose production by about 40-47% decrease in primary mouse hepatocytes. These
results indicate that this batch of primary mouse hepatocytes was biologically func-
tional.

[0331] More importantly, treatments with Compounds CDE at 150 ppb caused a sig-
nificant decrease of glucose production in primary mouse hepatocytes as effectively
as 100 nM insulin, while Compounds CDE at 300 ppb were even more effective than
100 nM insulin in inhibiting glucose production (see FIG. 11A). Cotreatments with
both Compounds CDE and insulin also significantly inhibited glucose production,
even though there was no additive or synergistic action between insulin and Com-
pounds CDE in these primary hepatocytes. These results were consistent with the
results obtained from hepatocytes pretreated with Compounds CDE in FBS-
containing media (see FIG. 9A). Together, these results clearly demonstrate that
Compounds CDE can mimic insulin, as effectively as or even more effectively than
insulin at the concentration of 100 nM, to inhibit glucose production in an insulin- and
growth factor-independent manner. It can also be concluded that Compounds CDE
are effective in the inhibition of glucose production in primary mouse hepatocytes
after a relatively short time of treatment (i.e., 6 hours), similar to insulin.

[0332] Compounds CDE were also tested to see whether 8-CPT/Dex-stimulated glu-
cose production was inhibited in mouse hepatocytes under serum-free culture condi-
tions. As shown in FIG. 11A, treatment with 8-CPT/Dex did cause a significant in-
crease in glucose production when compared to a basal control group (vehicle treat-
ed), further indicating that this batch of primary mouse hepatocytes was biologically
functioning. Treatment with 10 nM insulin significantly inhibited glucose production,
even though there was only a trend of decreased glucose production in hepatocytes
after treated with 100 nM insulin. The latter result could be due to a small number of
tested samples (n=3) in which glucose production in one sample was pretty large
when compared to other two samples in the same group (data not shown).

[0333] More importantly, treatment of Compounds CDE at 150 ppb showed a ten-
dency to inhibit 8-CPT/Dex-stimulated glucose production, while Compounds CDE at
the concentration of 300 ppb was as effective as insulin at 10 nM to significantly in-
hibit 8-CPT/Dex-stimulated glucose production in an insulin-independent or other
growth factor-independent manner (FIG. 11A). It should be noted that Compounds
CDE at the concentration of 300 ppb almost completely abolished the stimulatory
effects of 8-CPT/Dex, as the glucose level in this treatment group was comparable to
basal control group without 8-CPT/Dex stimulation.

[0334] Similarly, cotreatments of both Compounds CDE and insulin also significantly
inhibited 8-CPT/Dex-stimulated glucose production (see FIG. 11A). In addition, there
was a more pronounced decrease of 8-CPT/Dex-stimulated glucose production by
the combination of 150 ppb Compounds CDE and 100 nM insulin than 150 ppb
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Compound CDE or 100 nM insulin alone. These results indicated that there exists an
additive action between Compounds CDE and insulin in the process (FIG. 11A).

[0335] The effects of Compounds CDE to inhibit 8-CPT/Dex-stimulated glucose pro-
duction in the above serum-free culture primary mouse hepatocytes are consistent
with the findings observed in hepatocytes pretreated with Compounds CDE in serum-
containing media (FIG. 10A). Since hepatocytes were serum-starved and treated with
Compounds CDE in totally serum-free condition, these data clearly demonstrate that
Compounds CDE can mimic insulin, at least as effective as 10 nM insulin, to inhibit 8-
CPT/Dex-stimulated glucose production in an insulin-independent and growth factor-
independent manner. It can also be concluded that the compounds described herein
act rapidly, after a relatively very short treatment time, to inhibit 8-CPT/Dex-
stimulated glucose production in these serum-free culture primary mouse hepato-
cytes, similar to insulin action. There also exists an additive or synergistic action be-
tween Compounds CDE and insulin, at least between 150 ppb Compounds CDE and
100 nM insulin doses, on the inhibition of 8-CPT/Dex-stimulated glucose production
in these serum-free culture primary mouse hepatocytes (see FIG. 11A).

[0336] Finally, Compounds CDE was tested to determine any toxicity to primary
mouse hepatocytes that were cultured in serum-free condition. LDH levels in the cul-
ture media in primary mouse hepatocytes after the above treatments were examined
and then normalized by their protein levels. As shown in FIG. 11B, there was no sig-
nificant increase of LDH levels in hepatocytes after all of the above treatments when
compared to basal control group containing a water vehicle-treated group (i.e., the
first bar in FIG. 11B). These results indicated that there was no cell damage or cell
membrane leakage in hepatocytes after exposure to Compound CDE. Instead, a sig-
nificant decrease of LDH level was observed in hepatocytes after treated with a high
300 ppb dose of Compounds CDE (see FIG. Therefore, the results suggest that
Compounds CDE is not toxic to primary hepatocytes and, instead, at a higher dose,
may have some protective effect against cell membrane leakage in these cells. Also,
these results exclude the possibility that the above observed inhibition of basal and
8-CPT/Dex-stimulated glucose production (see FIG. 11A) is caused by less healthy
hepatocytes in primary mouse hepatocytes after Compounds CDE treatment.

[0337] In conclusion, the above studies on serum-free culture primary mouse
hepatocytes demonstrate that Compounds CDE can mimic insulin to inhibit both ba-
sal and 8-CPT/Dex-stimulated glucose production in a FBS-independent, more spe-
cifically insulin- and growth factor-independent manner. Also, these results further
suggest that Compounds CDE do not have toxicity on the liver cells.

Compounds CDE : insulin-independent activation of PI3K/Pdk1/Akt signaling to
enhance Foxo1/3/4 phosphorylation in primary mouse hepatocytes

[0338] Our earlier studies on AML-12 cells suggest that Compounds CDE can mimic
insulin to enhance Foxo3 and Foxo4 phosphorylation, resulting in inhibition

of G6pc expression for glucose production (FIGS. 6A-6C, 7A-7C). It is well docu-
mented that insulin acts fast in liver cells to activate PI3BK/PDK1/AKT signaling to in-
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active Foxol, Foxo3, and Foxo4 transcription factors that very rapidly lower glucose
production.

[0339] To further investigate whether Compounds CDE will mimic insulin but act in
an insulin-independent manner to activate Pdkl/Akt signaling to subsequently en-
hance FOXO phosphorylation for the inhibition of glucose production, the phosphory-
lation status of these signaling molecules, key for gluconeogenesis, was investigated
in primary mouse hepatocytes under two different culture/treatment conditions.

Compounds CDE target Foxo1/3/4 phosphorylation in primary mouse hepato-
cytes pretreated with Compounds CDE in serum-containing media for 24 hours
followed by in serum-free media for 6 hours

[0340] To determine if the combination of Compounds CDE can mimic insulin to reg-
ulate PI3k/Pdk1/Akt/Fox0o1/3/4 signaling, primary mouse hepatocytes were pretreated
with control (water) or selenium Compounds CDE at the doses of 150 and 300 ppb in
serum-containing DMEM/F12 media for 24 hours. This treatment was followed by
retreatments with these selenium compounds in serum-free media for 6 hours. The
control-pretreated hepatocytes were also incubated with 100 nM insulin for 6 hours.
After these treatments, culture media were collected for the glucose and LDH analy-
sis as detailed in FIGS. 9A-9C. Cells were collected and subjected to protein analysis
to determine total protein levels for Western blot analysis of various
PI3k/Pdk1/Akt/Foxo1/3/4 signaling molecules. Protein expression levels of these sig-
naling molecules were normalized by Actb protein levels and are presented as mean
+ SEM of three samples in FIG. 12B-F. Different letters in the bar graphs in FIG. 12B-
F means a significant difference between those two groups (P < 0.05).

[0341] As shown in Figure 12A, insulin treatment caused a significant increase of the
phosphorylated forms of Pdk1, Akt at serine residue 473, Foxol at threonine 24
(pFoxo1T24), Foxo3 at threonine 32 (pFoxo3T32), but not Gsk3b at serine 9
(pGsk3bS9) while the levels of phosphorylated Foxo4 at threonine 28 (pFoxo4T28) in
these cells after insulin treatment were barely detectable. These results suggest that
insulin indeed can regulate PI3k/Pdk1/Akt signaling to inactivate Foxol and Foxo3 in
these hepatocytes under the above described experimental conditions. More im-
portantly, the protein levels of pPdk1, pAktS473, pFoxo1T24 and pFoxo3T32, but not
pGsk3bS9 were visibly elevated in these hepatocytes after treatments of both doses
of Compounds CDE (FIG. 12A). In addition, pFoxo4T28 levels were also robustly
increased in hepatocytes after the treatment of Compounds CDE at 300 ppb (FIG.
12A).

[0342] Quantitative analysis showed that there was approximately a 1.5-fold increase
of pPdk1, 2.2-3-fold increase of pAktS473, 3-4-fold increase of pFoxo1T24 about a 3-
fold increase of pFoxo3T32, but no increase of pGsk3bS9 in Compounds CDE-
treated primary mouse hepatocytes (FIGS. 12B-F). The enhanced expression of
pFoxo3T32 and pFoxo4T28 by Compounds CDE in primary mouse hepatocytes was
consistent with our earlier observation in AML-12 cells (FIGS. 6A-6C, 7A-7C), even
though enhanced pPdk1 and pAkt were not observed in AML-12 cells at 6 hours of
Compounds CDE treatment (FIGS. 6A-6C, 7A-7C).
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[0343] The enhanced pPdk1 and pAktS473 protein levels in these hepatocytes
caused by insulin and compounds CDE at both tested doses indicate that Com-
pounds CDE, like insulin, can activate Pdkl/Akt signaling. Although the extent of en-
hanced phosphorylation of pAkt/Foxo1/3 by Compounds CDE was not as strong as
100 nM insulin, Compounds CDE at both tested doses were as effective as 100 nM
insulin to inhibit glucose production in primary mouse hepatocytes under the same
experimental conditions (FIG. 9A). Thus it appears that an approximate 3-4-fold in-
crease of pFoxo1T24 and pFoxo3T32 by Compounds CDE (FIGS. 12D-E) was
enough to inactivate Foxol and Foxo3, leading to inhibition of G6pc expression and
glucose production in these primary mouse hepatocytes. Our results clearly demon-
strate that Compounds CDE can mimic insulin to activate PI3SK/Pdk1/Akt signaling to
enhance Foxo1/3/4 phosphorylation in the primary mouse hepatocytes under the
above described culture and treatment conditions.

Compounds CDE act rapidly to sequentially activate Pdkl/Akt signaling to en-
hance Foxo1/3 phosphorylation in primary hepatocytes under serum-free con-
ditions

[0344] To further investigate whether Compounds CDE can mimic insulin to activate
PI3K signaling to enhance Foxo1/3 phosphorylation, time-course expression studies
of these signaling molecules in primary mouse hepatocytes under serum-free condi-
tions was performed. In brief, primary mouse hepatocytes were serum-starved over-
night and then incubated with selenium Compounds CDE at the dose of 300 ppb in
serum-free DMEM/F12 media for O minute, 5 minutes, 30 minutes, 1 hour, 2 hours
and 3 hours. After treatments, hepatocytes were collected and subjected to Western
blot analysis.

[0345] As shown in FIGS. 13A-B, phosphorylated Pdk1 levels tend to be increased in
these serum-free culture hepatocytes at 5 minutes after the treatment with Com-
pounds CDE. After 30 minutes of Compounds CDE treatment, there was a robust
and significant increase of pPdk1 levels in these hepatocytes (FIGS. 13A-B). These
results suggest that Compounds CDE can quickly activate PI3k/Pdk1 signaling in
these hepatocytes. Subsequent to the activation of Pdk1, there was a trend towards
increased pAktT308 levels in hepatocytes at 30 minutes of Compounds CDE treat-
ment and, more importantly, a robust and significant increase of pAktT308 after 1
hour of Compounds CDE treatment (FIGS. 13A, C). These results suggest that Com-
pounds CDE can subsequently activate Akt.

[0346] The levels of both pFoxo1T24 and pFoxo3T32, the downstream targets of
activated PI3k/Pdk1/Akt signaling, were not affected in hepatocytes by Compounds
CDE before 30 minutes of incubation (FIGS. 13A, D). At 1 hour treatment with Com-
pounds CDE, there was a trend towards increased phosphorylation of Foxo1 and
Foxo3 in the hepatocytes (FIG. 13D). At 2 and 3 hours of treatment, Compounds
CDE significantly enhanced the phosphorylation of both Foxo1 and Foxo3 in these
primary mouse hepatocytes cultured under the serum-free conditions (FIGS. 13A, D).
Thus, there exists a sequential activation of Pdk1 and Akt followed by enhanced
Foxo1 and Foxo3 phosphorylation by Compounds CDE in these hepatocytes, and
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these events occur less than two hours after treatment with Compounds CDE in a
very similar fashion to insulin action. Considering that there is no insulin or growth
factors in the plain DMEM/F12 medium, and no FBS was added in the culture media
in these experiments, the enhancement of phosphorylation of Pdk1, Akt, Foxo1 and
Foxo3 by Compounds CDE in these hepatocytes is independent of FBS, growth fac-
tors or insulin. In other words, Compounds CDE can bypass insulin or growth factors
action to quickly activate PI3k/Pdk1/Akt signaling and subsequently inactivate Foxo1
and Foxo3 (enhanced Foxo1/3 phosphorylation) in the primary mouse hepatocytes.

Summary

[0347] Our studies demonstrate that Compounds CDE can mimic insulin to inhibit
glucose production in primary mouse hepatocytes in an insulin-independent manner
without being toxic to liver cells. These findings were clearly established from the
studies in primary mouse hepatocytes that were cultured under three different condi-
tions. First, it was found that glucose production was remarkably decreased by pre-
treatment with Compounds CDE in serum-containing media for 24 hours followed by
retreatment of these compounds in serum-free media for 6 hours, with the effective-
ness comparable to insulin at the dose of 100 nM (FIG. 9A). Next, glucose production
was also found to be significantly inhibited in primary mouse hepatocytes by pre-
treatment with Compounds CDE in serum-containing media for 24 hours followed by
retreatment of these compounds in serum-free media in the presence of 8-CPT/Dex
(the stimuli of glucose production to mimic the diabetic conditions) for 6 hours, and
that the effectiveness of 300 ppb of Compounds CDE in the process was comparable
to insulin at the concentration of 100 nM (FIG. 10A). Finally, we adopted the serum-
free culture technique and demonstrated that Compounds CDE can mimic insulin to
inhibit both basal and 8-CPT/Dex-stimulated glucose production in a FBS-
independent or, more specifically, insulin- and growth factor-independent manner
after a short treatment time (6 hour treatment) (FIG. 11A). Also, the effectiveness of
Compounds CDE in the inhibition of glucose production was comparable to insulin at
least at the dose of 10 nM (FIG. 11A). In addition, treatment with Compounds CDE
did not have a toxic effect (such as eliciting cell membrane leakage) on the health of
primary mouse hepatocytes cultured under the above described three different condi-
tions, since there was no significant increase of LDH in the culture media after Com-
pounds CDE treatment (FIGS. 9C, 10C,

[0348] The reduced glucose production observed in these studies is at least in part
attributed to inhibition of G6pc expression in primary mouse hepatocytes by Com-
pounds CDE. It was found that Compounds CDE at 300 ppb caused a significant de-
crease (42% decrease) in G6pc mRNA levels in hepatocytes while a trend towards
decreased G6pc expression (about 31% decrease, albeit not statistically significant)
was also observed in hepatocytes after treatment with 150 ppb Compounds CDE
(FIG. 9B). Similar results were also obtained in primary mouse hepatocytes stimulat-
ed by 8-CPT/Dex (FIG. 10B). Therefore, these results clearly demonstrate that Com-
pounds CDE can mimic insulin to inhibit G6pc expression in primary mouse hepato-
cytes even in the presence of 8-CPT/Dex in an insulin-independent manner. These
results are consistent with the findings observed in AML-12 cells (FIGS. 3-4).
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[0349] It should be noted that the extent of reduced G6pc expression by Compounds
CDE at the higher tested dose was smaller than insulin (10 nM) in primary mouse
hepatocytes under the above described two culture conditions (i.e., with or without
cotreatment of 8-CPT/Dex), whereas Compounds CDE were as effective as insulin at
least at the dose of 10 nM to inhibit basal and 8-CPT/Dex-stimulated glucose produc-
tion in the hepatocytes (FIGS. 9A, 10A, Thus it is possible that besides G6pc, Com-
pounds CDE may regulate other molecules to lower the glucose levels in cultured
mouse hepatocytes. Regardless, our results suggest that the inhibition of glucose
production in primary mouse hepatocytes by Compounds CDE is at least partly due
to their inhibition of G6pc expression.

[0350] In addition, the results also demonstrate that Compounds CDE can improve or
augment insulin action to inhibit glucose production and G6pc expression in primary
mouse hepatocytes under simulated diabetic conditions (using 8-CPT/Dex) (FIGS.
10A-B, 11A). These were supported by the following observations:

1. (1) a more pronounced decrease of 8-CPT/Dex-induced glucose production in
the hepatocytes by the combination of 150 ppb Compounds CDE and 10 nM
insulin than with 150 ppb Compounds CDE or 10 nM insulin alone (FIG. 10A);

2. (2) afurther decrease of 8-CPT/Dex-induced glucose production in the
hepatocytes by the combination of 300 ppb of Compounds CDE and 100 nM
insulin than with 300 ppb of Compounds CDE or 100 nM insulin alone (FIG.
10A);

3. (3) a more pronounced decrease of 8-CPT/Dex-stimulated glucose production
by the combination of 150 ppb of Compounds CDE and 100 nM insulin than
150 ppb of Compounds CDE or 100 nM insulin alone in hepatocytes in serum-
free condition (FIG. 11A); and

4. (4) a more pronounced decrease of 8-CPT/Dex-induced G6pc expression by
the combination of 300 ppb of Compounds CDE and insulin (10 and 100 nM)
than with 300 ppb of Compounds CDE, 10 or 100 nM insulin alone (FIG. 10B).

[0351] A more pronounced inhibition of 8-CPT/Dex-induced G6pc expression by the
combination of Compounds CDE and insulin than Compounds CDE or insulin alone
was also observed in AML-12 cells (FIG. 4). Together, our results demonstrate that
Compounds CDE can improve insulin action to inhibit 8-CPT/Dex-induced glucose
production and G6pc expression in primary mouse hepatocytes.

[0352] Furthermore, the analyses of signaling molecules demonstrate that Com-
pounds CDE can mimic insulin to quickly activate PI3K/Pdk1/Akt signaling to en-
hance the phosphorylation of Foxol, 3 and 4 in primary mouse hepatocytes. Western
blot analysis of phosphorylated proteins of these molecules in mouse hepatocytes
either pretreated with Compounds CDE in serum-containing media for 24 hours fol-
lowed by retreatments of these compounds in serum-free media for 6 hours (FIGS.
12A-12F), or treated with these compounds in totally serum-free condition for a short
time from 5 to 180 minutes (FIGS. 13A-13D) support this conclusion.

[0353] In AML-12 cells, we also found that Compounds CDE can target Foxo3/4 to
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enhance their phosphorylation, even though increased phosphorylation of Pdk1 and
Akt were not observed in AML-12 cells at the tested time period (6 hours after Com-
pounds CDE treatment) (FIGS. 6A-6C, 7A-7C). The latter result could be due to the
potential transient activation of Pdkl/Akt by Compounds CDE which may occur at an
earlier time point (before 6 hours).

[0354] Regardless, the studies in primary mouse hepatocytes clearly demonstrate
that Compounds CDE can bypass insulin or any growth factors to quickly activate
PI3k/Pdk1/Akt signaling and subsequently enhance Foxo1/3/4 phosphorylation.
Since FOXO proteins, especially Foxol, in the liver are important for the regulation of
G6pc expression and glucose production, the inhibited glucose production

and G6pc expression observed above in primary mouse hepatocyte by Compounds
CDE is most likely caused by inactivation of Foxo1/3/4 resulting from insulin-
independent activation of Pdkl/Akt signaling and subsequently enhanced Foxo1/3/4
phosphorylation. Also the improvement of insulin action in the above process is also
likely due to additive effects of enhanced Foxo1/3/4 phosphorylation by Compounds
CDE and insulin.

[0355] In short, we have uncovered a selenium compound combination which can
bypass insulin action to inhibit glucose production and G6pc expression in primary
mouse hepatocytes even in the presence of diabetic stimuli for glucose production
and without being toxic to the liver cells. Also, this compound combination, Com-
pounds CDE, can improve insulin action to further inhibit diabetic stimuli-induced glu-
cose production and G6pc expression in primary mouse hepatocytes. Furthermore,
this compound combination can also mimic but bypass insulin to quickly activate
PI3k/Pdk1/Akt signaling, and subsequently, enhance Foxo1/3/4 phosphorylation in
the hepatocytes. Therefore, this compound combination can be used not only as a
potent insulin-replacement medicine but also as an insulin-potentiating medicine for
the treatments of both type | and Il diabetics. Compounds CDE in combination may
be useful in the treatment of obesity by bypassing insulin to reduce hepatic glucose
output through insulin-independent inactivation of Foxo1/3/4, inhibition of Foxo-
mediated G6pc expression and/or improvement of insulin action in these processes
in the liver or administered to prevent liver cells becoming insulin-resistant.

Example 7: Reduction of glucose levels in the bloodstream and improved

glucose tolerance in response to combined treatment with Compounds CDE in
insulin-resistant and diabetic leptin receptor (Lepr) spontaneous null mutant
mice

Materials and Methods

Compounds
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[0356] Compound C (5'-Methylselenoadenosine), Compound D (Se-Adenosyl-L-
homocysteine) and Compound E (Gamma-glutamyl-methylseleno-cysteine), were
synthesized in the Chemistry Laboratory of Alltech, Inc. The purities of all tested
compounds were verified to be = 99%, as determined by Mass-Spectrometry.

Animals and treatments

[0357] Adult heterozygous diabetic spontaneous mutation (/eptin recep-

for mutation) Lepr®®* mice (C57BL/6J strain) were purchased from The Jackson La-
boratory (Bar Harbor, Maine) and then intercrossed to generate homozy-

gous Lepre® mice (determined by mouse genotyping). Mouse tail genotyping at
weaning time (at postnatal day 21) was performed, according to the protocol from
The Jackson Laboratory. These Lepr®®® mice at postnatal day 27 were intraperito-
neally injected with physiological saline (0.09% NaCl) or Compounds CDE. Com-
pounds CDE comprise Compound C, Compound D and Compound E in combination
(5 ug selenium of each compound per kilogram body weight equivalent to 5 ppb of
each selenium compound per injection) every other day until the age of 3.5 months,
and then subjected to glucose analysis and glucose-tolerance assays. Body weights
of the above treated mice were recorded using a balance every week, and any visible
abnormal animal gross morphology and walking behavior were monitored dalily.

[0358] Additional 5-week-old male Lepr®®@ mice were purchased from the Jackson
Laboratory and intraperitoneally injected daily with physiological saline (0.09% NaCl)
or Compounds CDE. Compounds CDE comprise Compound C, Compound D and
Compound E in combination (5 pg selenium of each compound per kilogram body
weight, diluted in the sterile physiological saline) starting on postnatal day 38 for 28
days. This experiment was designed to test the potential use of these compounds as
an acute diabetes treatment (Lepr®/®® mice of > 35 days old have or will soon devel-
op hyperglycemia). Testing the younger mice which had been injected for a longer
period was intended to evaluate the compounds more as a preventive preparation for
pre-diabetic or at-risk subjects. Also body weights of the above treated mice were
recorded using a balance every week and any visible abnormal animal gross mor-
phology and walking behavior were monitored daily.

Blood glucose assay

[0359] After the last injection of physiological saline or Compounds CDE, mice were
fasted overnight. Then a small drop of blood from these mice was collected by snip-
ping the mouse tail tip and blood glucose levels were determined using a Glucometer
with a maximum capability for glucose measurement of 600 mg/dL.

Glucose tolerance test and quantitation of area under curve (AUC)
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[0360] Glucose tolerance tests were performed as described previously (Li et al, Int J
Biol Sci 2008; 4:29-36). Briefly, overnight-fasted Lepr®®/®* mice after saline or Com-
pounds CDE treatment were injected intraperitoneally with 2 grams/kg body weight of
20% D-glucose. Blood glucose levels at time O (immediately before the injection of
glucose), 0.25, 0.5, 1 and 2 hours after injection of glucose were determined using a
glucometer with a maximum glucose measurement capacity of 600 mg/dL. Because
of this, blood glucose levels over 600 mg/dL were counted as 600 mg/dL in our data
analysis. The quantitation of the area under the curve (AUC) of each mouse in the
above glucose test assay was calculated by using Microsoft Excel.

Statistical analysis

[0361] Where applicable, a Student's t-test was used to determine the statistical sig-
nificance of difference between saline- and Compounds CDE-treated groups with a P
value less than 0.05. Data are presented as mean + SEM of the indicated numbers of
mice in the figures.

Results and Discussion

[0362] Lepr®®® mice lack all known isoforms of the leptin receptor gene (Lepr). This
homozygous mouse model is an aggressive Type |l diabetic mouse model with im-
paired glucose tolerance, reduced insulin sensitivity, hyperglycemia and hyperinsu-
linemia. These mice display gross obesity at around 3 to 4 weeks of age, elevation of
plasma insulin beginning at 10 to 14 days and hyperglycemia (i.e., high blood sugar
levels) at 4 to eight 8 of age (Coleman DL. 1978 Diabetologia 14:141-8).

[0363] The studies on AML-12 cells and primary mouse hepatocytes described here-
in indicate that Compounds CDE can mimic insulin but bypass insulin to inactivate
Foxol, Foxo3, and Foxo4 in liver cells. In addition, Compounds CDE can inhibit Foxo-
mediated G6pc expression to lower glucose production without being toxic to these
liver cells (FIGS. 1, 2A-2B, 3, 4, 6A-6C, 7A-7C, 9A-9C, 10A-10C, 11A-11B, 12A-12F,
13A-13D, 14A-14B, 15A-15B). Also, these in vitro studies show that Compounds
CDE can improve insulin action to lower glucose production and G6pc expression in
liver cells under simulated diabetic conditions (FIGS. 4, 10A-10C, 11A-11B). There-
fore, the Lepr®/® mouse model is an ideal model to investigate the use of this novel
compound combination in potentially lowering glucose in the bloodstream and the
improvement of insulin sensitivity and glucose tolerance against diabetes.

Reduction of blood glucose levels in Lepr®/? mice after administration of
Compounds CDE both before and after the onset of hyperglycemia

[0364] Two administration regimes of Compounds CDE were adopted to investigate
the potential role of Compounds CDE in the prevention and treatment of hyperglyce-
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mia as displayed in Lepr®®? mice. The compounds described herein were investigat-
ed to determine if they have any effects in preventing the development of hypergly-
cemia, which develops at the age of 4 to 8 weeks in Lepr®®’® mice. Mice were admin-
istered treatments by intraperitoneal injection of Compounds CDE right before the
onset of hyperglycemia.

[0365] In brief, juvenile Lepr®®’® mice at the age of 27 days were injected intraperito-
neally with Compounds CDE (5 pg selenium of each compound per kilogram body
weight, equivalent to 5 ppb of each compound per injection in each mouse) or phys-
iological saline every other day until mice reached the age of 3.5 months. At the end
of treatment, the mice were fasted overnight and subjected to glucose analysis. The
body weights of these treated mice were recorded using a balance every other day to
test if there is any effect of these compounds on the body weight gain during the
treatment time period. Data are presented as mean + SEM of indicated number of
mice under the bar graphs in FIG. 14A.

[0366] It was found that treatment with Compounds CDE did not affect body weight
gains in these mutant mice (data not shown), indicating that Compounds CDE likely
has little or no inhibitory effects on the abnormally increased appetite for consumption
of food displayed in Lepr®/@® mice. Also, there was no visible difference in animal
gross morphology and walking behavior between saline-treated (control) and Com-
pounds CDE-treated Lepr®/@ mice during the treatment period (data not shown).
These results indicate that Compounds CDE at the tested doses had no effects on
animal behavior or activity.

[0367] However, treatment with Compounds CDE caused a significant decrease,
about 40% reduction compared to controls, of glucose levels in the bloodstream

of Lepr®’@® mice (see FIG. 14A) even though the blood glucose levels in Compounds
CDE-treated Lepr®/@® mice were still higher than normal wild-type mice at equivalent
age (about 100 mg/dL, data not shown). Although Compounds CDE at the tested
dose did not completely prevent the development of hyperglycemia in Lepr®®® mice,
these results clearly demonstrate that Compounds CDE can significantly reduce glu-
cose levels in the bloodstream in this severe Type Il diabetes mouse model, indicat-
ing the potential of Compounds CDE for the prevention of hyperglycemia.

[0368] To further investigate the role of Compounds CDE in lowering glucose output
in these diabetic Lepr®® mice, another administration regime, in which Compounds
CDE were injected intraperitoneally after or during the onset of hyperglycemia

in Lepr®’@® mice, was adopted to examine the blood glucose levels in these mice. In
brief, Lepr®/@®® male mice at the age of 38 days were intraperitoneally injected with
saline or Compounds CDE (5 pg selenium of each compound per kilogram body
weight) daily for 28 days. Mouse body weight and any abnormal morphology or walk-
ing behavior were recorded or monitored daily.

[0369] After the above treatments, animals were fasted overnight and then subjected
to blood glucose analysis. Similar to the above animal studies, treatment of Com-
pounds CDE did not affect body weight gain, animal gross morphology and walking
behavior in Lepr®/® mice during the treatment time period (data not shown). Howev-
er, treatment with Compounds CDE caused a significant decrease (about 25% reduc-
tion) of blood glucose levels in these Lepr®®® mice when compared to saline-treated
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mice (see FIG. 14B). These studies further demonstrate that Compounds CDE can
lower glucose output in these severe type |l diabetes mice, indicating the potential of
these compounds for the treatment of hyperglycemia.

[0370] In summary, these results demonstrate that Compounds CDE can lower glu-
cose output in Lepr®@® mice by intraperitoneal injection of these compounds both
before and after or during the onset of hyperglycemia in these mutant animals.

[0371] In addition, there were no visible morphological or walking behavior changes
in Lepre/d> mice after the treatments of these compounds under the above described
injection regimes. In fact, the acute effects of Compounds CDE on animal health in
normal wild-type C57BL/6 mice was examined, but no observations of abnormal
gross morphological and walking behavior abnormalities during one week after intra-
peritoneal injection of a high dose of Compounds CDE occurred (500 pg selenium of
each compound per kilogram body weight, data not shown). Thus, Compounds CDE
likely has little or no toxic effects in these mice.

[0372] Together, these results demonstrate that Compound CDEs can significantly
lower blood glucose levels in a mouse model of aggressive Type Il diabetes. These
results indicate the potential of Compounds CDE both the prevention and the treat-
ment of hyperglycemia in diabetic subjects.

Enhanced glucose tolerance in diabetic Lepr®®? mice after administration of
Compounds CDE prior to the onset of hyperglycemia

[0373] The glucose tolerance test identifies abnormalities in the way the body han-
dles glucose after a high and rapid rise of blood sugar (e.g., usually after a meal).
Insulin plays a critical role not only in the inhibition of glucose production in the liver,
but also in glucose uptake, storage and metabolism in muscle, liver, and fat cells,
causing a lower glucose levels in the bloodstream.

[0374] Diabetic patients have a very low glucose tolerance either due to their inability
to produce insulin or respond to insulin efficiently to maintain glucose homeostasis.
The in vitro studies described herein indicate that Compounds CDE not only can
mimic insulin but also can bypass insulin and improve insulin action to inhibit glucose
production and/or the expression of G6pc, a key gene for glucose production, in liver
cells (FIGS. 2A-2B, 3, 4, 9A-9C, 10A-10C, 11A-11B). Lepr®®/@® mice are the ideal
mouse Type Il diabetic model to investigate the role of Compounds CDE in maintain-
ing glucose homeostasis, considering that impaired glucose tolerance and insulin-
resistance are displayed in these mutant mice. Therefore, Compounds CDE effect on
improved glucose tolerance in Lepr®'® mice after intraperitoneal injection of Com-
pounds CDE into mice from 27 days to 3.5 months of age was investigated.

[0375] Similar to the studies described above, Lepr®/@® mice at the age of 27 days
were injected intraperitoneally with physiological saline or Compounds CDE in com-
bination (5 ug selenium of each compound per kilogram body weight equivalent to 5
ppb of each compound per injection in each mouse) every other day until mice
reached the age of 3.5 months. At the end of treatment, these mice were fasted
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overnight, injected with glucose (2 g/kg body weight) and blood glucose levels meas-
ured at 0.25 hours (15 minutes), 0.5 hours (30 minutes), 1 hour (60 minutes) and 2
hours (120 minutes) post-glucose injection. The blood glucose levels immediately
before the glucose injection (referred to as zero time point) were also recorded. Mean
+ SEM. The *in FIG. 15A indicates that P refers to at least < 0.05 when compared to
saline-treated group at the same time point.

[0376] As shown in FIG. 15A, a significant increase in blood glucose levels was ob-
served in saline-treated Lepr®/@® mice after injection of glucose beginning at 0.25
hours and at all the following tested time points. As stated, the glucose measurement
limit of the glucometer employed for these analyses was 600 mg/dL. Thus, glucose
levels in excess of this limit still had to be recorded as 600 mg/dL. The reason for
stating this is to point out that measurements, particularly for the saline-treated ani-
mals, may well represent underestimations of the true blood glucose concentrations.

[0377] In Compounds CDE-treated Lepr®® mice, blood glucose levels were signifi-
cantly lower than saline-treated mice before the glucose injection. Similar to saline-
treated mice, five of six tested Compounds CDE-treated mice had blood glucose lev-
els near or higher than 600 mg/dL at 0.5 hours and 1 hours after glucose injection
(see FIG. 15A). However, blood glucose levels in all six tested Lepr®®/® mice after
treatment with Compounds CDE were significantly lower than saline-treated litterma-
tes at 2 hours after glucose injection (see FIG. 15A).

[0378] Quantitative analysis of the area under the curve (AUC) of the above graph
shown in FIG. 15A demonstrates that there was also a significant decrease of blood
glucose during the tested time period after glucose injection in Compounds CDE-
treated Lepr®’®® mice when compared to saline-treated mice (see FIG. 15B). Once
again, however, due to the measurement limit of the glucometer, it is likely that this
decrease was more dramatic than shown in FIG. 15B. Nevertheless, it must be em-
phasized that the decrease was still significantly different.

[0379] It was noted that glucose levels in Compounds CDE-treated Lepr®/@® mice at
2 hours after glucose injection were still higher than glucose levels before the glucose
injection (see FIG. 15A). These results suggest that a complete clearance of the ad-
ministered glucose in the blood stream of Lepr®/@®® mice by Compounds CDE will like-
ly take longer than the 2 hours monitoring period employed in this experiment.

[0380] In short, the above studies demonstrate that Compounds CDE at the tested
dose can significantly improve glucose tolerance in Lepr®/@® mice. The action of
these compounds is likely mediated through the improvement of insulin sensitivity in
the clearance of glucose in the liver as well as other organs such as muscle and adi-
pose tissues.

Summary

[0381] These results demonstrate for the first time that Compounds CDE not only
can lower fasting glucose levels (FIGS. 14A-14B), but can also improve glucose tol-
erance (FIGS. 15A-15B) in an aggressive Type Il diabetic mouse model. Based on
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extensive cell culture work, the likely mode of action of Compound CDE in these an-
imals is (1) to bypass insulin to inactivate Foxol, Foxo3, Foxo4, leading to re-

duced G6pc expression and glucose production in liver cells, as demonstrated in
primary mouse hepatocytes and AML-12 liver cells (see FIGS. 2A-2B, 3, 4, 6A-6C,
7A-7C, 9A-9C, 10A-10C, 11A-11B, 12A-12F, 13A-13D); (2) to improve insulin sensi-
tivity by the inhibition of Foxol, Foxo3, Foxo4-mediated G6pc expression and glucose
production in the liver, as also indicated by studies on cultured liver cells (FIGS. 4,
10A-10C, 11A-11B); and/or (3) improve insulin action or bypass insulin to enhance
the uptake and/or metabolism of glucose in liver, muscle and fat cells, as suggested
in FIGS. 15A-15B. In addition, the improvement in insulin sensitivity may be due to
the enhancement of Insr and Igf1r expression by Compounds CDE, as indicated by
studies on mouse liver AML-12 cells (FIGS. 5A-5D).

[0382] Regardless, our studies demonstrate that Compounds CDE can inhibit glu-
cose output and improve glucose tolerance in an insulin-resistant, diabetic mouse
model. These results suggest that Compounds CDE can be developed for the treat-
ment of hyperglycemia and insulin-insensitivity in diabetic patients. Besides, Com-
pounds CDE can also be used for preventing the development of hyperglycemia in
pre-diabetic subjects by its ability to lower glucose output in the bloodstream if admin-
istered prior to the onset of hyperglycemia in at risk patients. In addition, Compounds
CDE may also be useful for the treatment of obesity due to its ability to lower glucose
levels in the bloodstream.
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PATENTKRAYV

1. Sammenseetning, som omfatter mindst tre forskellige forbindelser valgt
blandt gruppen bestdende af 5'-Methylselenoadenosin, Se-Adenosyl-L-

homocystein, Gamma-glutamyl-methylseleno-cystein,

en forbindelse ifalge Formel (I):

y— 12

eller et farmaceutisk acceptabelt salt, hydrat eller prodrug deraf, hvor

R1 er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR’, hvor R' er alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl eller
heterocyclyl; eller R1 sammen med Rz danner en heterocyklisk ring med 4
til 8 ringelementer med mindst et heteroatom valgt blandt oxygen eller
nitrogen;

Rz er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR’, hvor R' er valgt blandt alkyl, cycloalkyl, aryl, aralkyl eller
heterocyclyl; eller R1 sammen med Rz danner en heterocyklisk ring med 4
til 8 ringelementer med mindst et heteroatom valgt blandt oxygen eller
nitrogen;

Rs er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, carboxyl eller C-
amido; eller Rs3 sammen med R4 og de atomer, til hvilke de er bundet,
danner en heterocyklisk ring med 4 til 8 ringelementer med mindst et

heteroatom valgt blandt oxygen eller nitrogen;
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Ra er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, carboxyl eller C-
amido; eller Rs3 sammen med R4 og de atomer, til hvilke de er bundet,
danner en heterocyklisk ring med 4 til 8 ringelementer med mindst et
heteroatom valgt blandt oxygen eller nitrogen;

5 Rs er oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR’ eller mangler; hvor R’ er
valgt blandt alkyl, alkenyl, alkynyl, cycloalkyl, aryl eller aralkyl;
Re er oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR’ eller mangler; hvor R’ er
valgt blandt alkyl, alkenyl, alkynyl, cycloalkyl, aryl eller aralkyl;
Rz er et Cs-C1e-alkyl, hvor Cs-C1e-alkylet ikke er et substitueret alkyl med

10 bade en carboxylgruppe og en aminogruppe, alkenyl, alkynyl, keton,
aminoalkohol, aminosyre valgt blandt gruppen bestaende af arginin,
histidin, lysin, asparaginsyre, glutaminsyre, serin, threonin, asparagin,
glutamin, cystein, selenocystein, glycin, prolin, alanin, valin, isoleucin,
leucin, methionin, phenylalanin, tyrosin og tryptophan, OR’, Se-R', S-R/,

15 hvor R' for OR’ er valgt blandt gruppen bestaende af H, alkyl, cycloalkyl,
aryl, aralkyl og heterocyclyl, hvor R' for Se-R' er valgt blandt gruppen
bestdende af H, Cs-Cis-alkyl, cycloalkyl, aryl, aralkyl og heterocyclyl, hvor
R' for S-R' er valgt blandt gruppen bestaende af H, Cs-Cis-alkyl, cycloalkyl,
aryl, aralkyl og heterocyclyl; og

20 Rs er hydrogen, azido, alkyl, alkenyl, alkynyl;

en forbindelse ifalge Formel (II):

s
Re N
Rig R N
He N 8\(/ AN
Ry [ N
N J
/Se 0 N=—
o] R \RG
@] (0]
| | (an
R3 R4

25

eller et farmaceutisk acceptabelt salt, hydrat eller prodrug deraf, hvor
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R+ er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR’, hvor R' er alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl eller
heterocyclyl; eller R1 sammen med Rz danner en heterocyklisk ring med 4
til 8 ringelementer med mindst et heteroatom valgt blandt oxygen eller
nitrogen;

Rz er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR’, hvor R' er valgt blandt alkyl, cycloalkyl, aryl, aralkyl eller
heterocyclyl; eller R1 sammen med Rz danner en heterocyklisk ring med 4
til 8 ringelementer med mindst et heteroatom valgt blandt oxygen eller
nitrogen;

Rs er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, carboxyl eller C-
amido; eller Rs sammen med R4 og de atomer, til hvilkke de er bundet,
danner en heterocyklisk ring med 4 til 8 ringelementer med mindst et
heteroatom valgt blandt oxygen eller nitrogen;

Ra er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, carboxyl eller C-
amido; eller Rs3 sammen med R4 og de atomer, til hvilke de er bundet,
danner en heterocyklisk ring med 4 til 8 ringelementer med mindst et
heteroatom valgt blandt oxygen eller nitrogen;

Rs er oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR’ eller mangler; hvor R' er
valgt blandt alkyl, alkenyl, alkynyl, cycloalkyl, aryl eller aralkyl;

Re er oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR’ eller mangler; hvor R' er
valgt blandt alkyl, alkenyl, alkynyl, cycloalkyl, aryl eller aralkyl;

Rs er hydrogen, azido, alkyl, alkenyl, alkynyl;

Rg er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR’, hvor R’ er alkyl, cycloalkyl, aryl, aralkyl eller heterocyclyl; eller Rg
sammen med Rio danner en heterocyklisk ring med 4 til 8 ringelementer
med mindst et heteroatom valgt blandt oxygen eller nitrogen;

Rio er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR’, hvor R' er valgt blandt alkyl, cycloalkyl, aryl, aralkyl eller
heterocyclyl; eller Rg sammen med R1o danner en heterocyklisk ring med 4
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til 8 ringelementer med mindst et heteroatom valgt blandt oxygen eller
nitrogen; og

Ri1 er OR, alkoxy, aralkoxy eller amino, hvor R er valgt blandt alkyl,
cycloalkyl, aryl, aralkyl, heterocyclyl eller et farmaceutisk acceptabelt salt

eller indre salt;

en forbindelse ifalge Formel (lI1):

eller et farmaceutisk acceptabelt salt, hydrat eller prodrug deraf, hvor

R+ er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR’, hvor R' er alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl eller
heterocyclyl; eller R1 sammen med Rz danner en heterocyklisk ring med 4
til 8 ringelementer med mindst et heteroatom valgt blandt oxygen eller
nitrogen;

Rz er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR’, hvor R' er valgt blandt alkyl, cycloalkyl, aryl, aralkyl eller
heterocyclyl; eller R1 sammen med Rz danner en heterocyklisk ring med 4
til 8 ringelementer med mindst et heteroatom valgt blandt oxygen eller
nitrogen;

Rs er OH, OR, alkoxy, aralkoxy eller amino, hvor R er valgt blandt alkyl,
cycloalkyl, aryl, aralkyl, heterocyclyl eller et farmaceutisk acceptabelt salt
eller indre salt;

R4 er alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl, heterocyclyl eller et
farmaceutisk acceptabelt salt eller indre salt;
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Rs er oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR’ eller mangler; hvor R' er
valgt blandt alkyl, alkenyl, alkynyl, cycloalkyl, aryl eller aralkyl;

Re er oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR’ eller mangler; hvor R' er
valgt blandt alkyl, alkenyl, alkynyl, cycloalkyl, aryl eller aralkyl; og

Rz er et Cs-Cis-alkyl, hvor Cs-Cis-alkylet ikke er et substitueret alkyl med
bade en carboxylgruppe og en aminogruppe, alkenyl, alkynyl, keton,
aminoalkohol, aminosyre valgt blandt gruppen bestaende af arginin,
histidin, lysin, asparaginsyre, glutaminsyre, serin, threonin, asparagin,
glutamin, cystein, selenocystein, glycin, prolin, alanin, valin, isoleucin,
leucin, methionin, phenylalanin, tyrosin og tryptophan, OR’, Se-R', S-R/,
hvor R' for OR’ er valgt blandt gruppen bestaende af H, alkyl, cycloalkyl,
aryl, aralkyl og heterocyclyl, hvor R' for Se-R' er valgt blandt gruppen
bestdende af H, Cs-Cis-alkyl, cycloalkyl, aryl, aralkyl og heterocyclyl, hvor
R' for S-R' er valgt blandt gruppen bestaende af H, Cs-Cis-alkyl, cycloalkyl,
aryl, aralkyl og heterocyclyl; og kombinationer deraf; og en baerer

til anvendelse i en fremgangsmade til erstatning af insulin hos en patient,

omfattende:

indgift af sammensaetningen til patienten;

hvor sammensaetningen indeholder mindst cirka 0,033% (w/v) af hver af de
mindst tre forskellige forbindelser, og

hvor en prodrug er valgt blandt estere af forbindelser med en hvilken som

helst af de ovennaevnte formler.
2. Sammenseetning, som omfatter mindst tre forskellige forbindelser valgt
blandt gruppen bestdende af 5'-Methylselenoadenosin, Se-Adenosyl-L-

homocystein, Gamma-glutamyl-methylseleno-cystein,

en forbindelse ifalge Formel (I):
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eller et farmaceutisk acceptabelt salt, hydrat eller prodrug deraf, hvor

R+ er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR’, hvor R' er alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl eller
heterocyclyl; eller R1 sammen med Rz danner en heterocyklisk ring med 4
til 8 ringelementer med mindst et heteroatom valgt blandt oxygen eller
nitrogen;

Rz er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR’, hvor R' er valgt blandt alkyl, cycloalkyl, aryl, aralkyl eller
heterocyclyl; eller R1 sammen med Rz danner en heterocyklisk ring med 4
til 8 ringelementer med mindst et heteroatom valgt blandt oxygen eller
nitrogen;

Rs er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, carboxyl eller C-
amido; eller Rs3 sammen med R4 og de atomer, til hvilke de er bundet,
danner en heterocyklisk ring med 4 til 8 ringelementer med mindst et
heteroatom valgt blandt oxygen eller nitrogen;

Ra er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, carboxyl eller C-
amido; eller Rs3 sammen med R4 og de atomer, til hvilke de er bundet,
danner en heterocyklisk ring med 4 til 8 ringelementer med mindst et
heteroatom valgt blandt oxygen eller nitrogen;

Rs er oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR’ eller mangler; hvor R' er
valgt blandt alkyl, alkenyl, alkynyl, cycloalkyl, aryl eller aralkyl;

Re er oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR’ eller mangler; hvor R' er
valgt blandt alkyl, alkenyl, alkynyl, cycloalkyl, aryl eller aralkyl;
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Rz er et Cs-Cis-alkyl, hvor Cs-Cis-alkylet ikke er et substitueret alkyl med
bade en carboxylgruppe og en aminogruppe, alkenyl, alkynyl, keton,
aminoalkohol, aminosyre valgt blandt gruppen bestaende af arginin,
histidin, lysin, asparaginsyre, glutaminsyre, serin, threonin, asparagin,
glutamin, cystein, selenocystein, glycin, prolin, alanin, valin, isoleucin,
leucin, methionin, phenylalanin, tyrosin og tryptophan, OR’, Se-R', S-R/,
hvor R' for OR’ er valgt blandt gruppen bestaende af H, alkyl, cycloalkyl,
aryl, aralkyl og heterocyclyl, hvor R' for Se-R' er valgt blandt gruppen
bestdende af H, Cs-Cis-alkyl, cycloalkyl, aryl, aralkyl og heterocyclyl, hvor
R' for S-R' er valgt blandt gruppen bestaende af H, Cs-Cis-alkyl, cycloalkyl,
aryl, aralkyl og heterocyclyl; og

Rs er hydrogen, azido, alkyl, alkenyl, alkynyl;

en forbindelse ifalge Formel (II):

eller et farmaceutisk acceptabelt salt, hydrat eller prodrug deraf, hvor

R+ er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR’, hvor R' er alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl eller
heterocyclyl; eller R1 sammen med Rz danner en heterocyklisk ring med 4
til 8 ringelementer med mindst et heteroatom valgt blandt oxygen eller
nitrogen;

Rz er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR’, hvor R' er valgt blandt alkyl, cycloalkyl, aryl, aralkyl eller
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heterocyclyl; eller R1 sammen med Rz danner en heterocyklisk ring med 4
til 8 ringelementer med mindst et heteroatom valgt blandt oxygen eller
nitrogen;

Rs er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, carboxyl eller C-
amido; eller Rs3 sammen med R4 og de atomer, til hvilke de er bundet,
danner en heterocyklisk ring med 4 til 8 ringelementer med mindst et
heteroatom valgt blandt oxygen eller nitrogen;

Ra er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, carboxyl eller C-
amido; eller Rs3 sammen med R4 og de atomer, til hvilke de er bundet,
danner en heterocyklisk ring med 4 til 8 ringelementer med mindst et
heteroatom valgt blandt oxygen eller nitrogen;

Rs er oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR’ eller mangler; hvor R' er
valgt blandt alkyl, alkenyl, alkynyl, cycloalkyl, aryl eller aralkyl;

Re er oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR’ eller mangler; hvor R' er
valgt blandt alkyl, alkenyl, alkynyl, cycloalkyl, aryl eller aralkyl;

Rs er hydrogen, azido, alkyl, alkenyl, alkynyl;

Rg er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR’, hvor R’ er alkyl, cycloalkyl, aryl, aralkyl eller heterocyclyl; eller Rg
sammen med Rio danner en heterocyklisk ring med 4 til 8 ringelementer
med mindst et heteroatom valgt blandt oxygen eller nitrogen;

Rio er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR’, hvor R' er valgt blandt alkyl, cycloalkyl, aryl, aralkyl eller
heterocyclyl; eller Rg sammen med R1o danner en heterocyklisk ring med 4
til 8 ringelementer med mindst et heteroatom valgt blandt oxygen eller
nitrogen; og

Ri1 er OR, alkoxy, aralkoxy eller amino, hvor R er valgt blandt alkyl,
cycloalkyl, aryl, aralkyl, heterocyclyl eller et farmaceutisk acceptabelt salt
eller indre salt;

en forbindelse ifalge Formel (lI1):
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eller et farmaceutisk acceptabelt salt, hydrat eller prodrug deraf, hvor

R+ er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR’, hvor R' er alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl eller
heterocyclyl; eller R1 sammen med Rz danner en heterocyklisk ring med 4
til 8 ringelementer med mindst et heteroatom valgt blandt oxygen eller
nitrogen;

Rz er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR’, hvor R' er valgt blandt alkyl, cycloalkyl, aryl, aralkyl eller
heterocyclyl; eller R1 sammen med Rz danner en heterocyklisk ring med 4
til 8 ringelementer med mindst et heteroatom valgt blandt oxygen eller
nitrogen;

Rs er OH, OR, alkoxy, aralkoxy eller amino, hvor R er valgt blandt alkyl,
cycloalkyl, aryl, aralkyl, heterocyclyl eller et farmaceutisk acceptabelt salt
eller indre salt;

R4 er alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl, heterocyclyl eller et
farmaceutisk acceptabelt salt eller indre salt;

Rs er oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR’ eller mangler; hvor R' er
valgt blandt alkyl, alkenyl, alkynyl, cycloalkyl, aryl eller aralkyl;

Re er oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR’ eller mangler; hvor R' er
valgt blandt alkyl, alkenyl, alkynyl, cycloalkyl, aryl eller aralkyl; og

Rz er et Cs-Cis-alkyl, hvor Cs-Cis-alkylet ikke er et substitueret alkyl med
bade en carboxylgruppe og en aminogruppe, alkenyl, alkynyl, keton,
aminoalkohol, aminosyre valgt blandt gruppen bestaende af arginin,
histidin, lysin, asparaginsyre, glutaminsyre, serin, threonin, asparagin,

glutamin, cystein, selenocystein, glycin, prolin, alanin, valin, isoleucin,
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leucin, methionin, phenylalanin, tyrosin og tryptophan, OR’, Se-R', S-R/,
hvor R' for OR’ er valgt blandt gruppen bestaende af H, alkyl, cycloalkyl,
aryl, aralkyl og heterocyclyl, hvor R' for Se-R' er valgt blandt gruppen
bestdende af H, Cs-Cis-alkyl, cycloalkyl, aryl, aralkyl og heterocyclyl, hvor
R' for S-R' er valgt blandt gruppen bestaende af H, Cs-Cis-alkyl, cycloalkyl,
aryl, aralkyl og heterocyclyl; og kombinationer deraf; og en beerer til
anvendelse i en fremgangsmade til forbedring af insulinaktivitet hos en
patient, omfattende:

indgift af sammensaetningen til patienten;

hvor sammensaetningen indeholder mindst cirka 0,033% (w/v) af hver af de
mindst tre forskellige forbindelser, og

hvor en prodrug er valgt blandt estere af forbindelser med en hvilken som

helst af de ovennaevnte formler.

3. Sammenseetning til anvendelse ifglge krav 2, som endvidere omfatter indgift
af insulin eller en analog eller et derivat deraf, hvor begreberne "analog" og
"derivat" er udskiftelige og refererer til en naturlig eller ikke-naturlig modifikation af

mindst en position af molekylet.

4. Sammenseetning, som omfatter mindst tre forskellige forbindelser valgt
blandt gruppen bestdende af 5'-Methylselenoadenosin, Se-Adenosyl-L-

homocystein, Gamma-glutamyl-methylseleno-cystein,

en forbindelse ifalge Formel (I):

Ry
\
N

/R2
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eller et farmaceutisk acceptabelt salt, hydrat eller prodrug deraf, hvor

R+ er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR’, hvor R' er alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl eller
heterocyclyl; eller R1 sammen med Rz danner en heterocyklisk ring med 4
til 8 ringelementer med mindst et heteroatom valgt blandt oxygen eller
nitrogen;

Rz er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR’, hvor R' er valgt blandt alkyl, cycloalkyl, aryl, aralkyl eller
heterocyclyl; eller R1 sammen med Rz danner en heterocyklisk ring med 4
til 8 ringelementer med mindst et heteroatom valgt blandt oxygen eller
nitrogen;

Rs er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, carboxyl eller C-
amido; eller Rs3 sammen med R4 og de atomer, til hvilke de er bundet,
danner en heterocyklisk ring med 4 til 8 ringelementer med mindst et
heteroatom valgt blandt oxygen eller nitrogen;

Ra er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, carboxyl eller C-
amido; eller Rs3 sammen med R4 og de atomer, til hvilke de er bundet,
danner en heterocyklisk ring med 4 til 8 ringelementer med mindst et
heteroatom valgt blandt oxygen eller nitrogen;

Rs er oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR’ eller mangler; hvor R' er
valgt blandt alkyl, alkenyl, alkynyl, cycloalkyl, aryl eller aralkyl;

Re er oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR’ eller mangler; hvor R' er
valgt blandt alkyl, alkenyl, alkynyl, cycloalkyl, aryl eller aralkyl;

Rz er et Cs-Cis-alkyl, hvor Cs-Cis-alkylet ikke er et substitueret alkyl med
bade en carboxylgruppe og en aminogruppe, alkenyl, alkynyl, keton,
aminoalkohol, aminosyre valgt blandt gruppen bestaende af arginin,
histidin, lysin, asparaginsyre, glutaminsyre, serin, threonin, asparagin,
glutamin, cystein, selenocystein, glycin, prolin, alanin, valin, isoleucin,
leucin, methionin, phenylalanin, tyrosin og tryptophan, OR’, Se-R', S-R/,
hvor R' for OR’ er valgt blandt gruppen bestaende af H, alkyl, cycloalkyl,
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aryl, aralkyl og heterocyclyl, hvor R' for Se-R' er valgt blandt gruppen
bestdende af H, Cs-Cis-alkyl, cycloalkyl, aryl, aralkyl og heterocyclyl, hvor
R' for S-R' er valgt blandt gruppen bestaende af H, Cs-Cis-alkyl, cycloalkyl,
aryl, aralkyl og heterocyclyl; og

Rs er hydrogen, azido, alkyl, alkenyl, alkynyl;

en forbindelse ifalge Formel (II):

\ R

\ &
R N

] H \N/ 10 Rg\(/ / \N
1 N

Wse o N’;J

o 7\

0] o}

eller et farmaceutisk acceptabelt salt, hydrat eller prodrug deraf, hvor

R+ er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR’, hvor R' er alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl eller
heterocyclyl; eller R1 sammen med Rz danner en heterocyklisk ring med 4
til 8 ringelementer med mindst et heteroatom valgt blandt oxygen eller
nitrogen;

Rz er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR’, hvor R' er valgt blandt alkyl, cycloalkyl, aryl, aralkyl eller
heterocyclyl; eller R1 sammen med Rz danner en heterocyklisk ring med 4
til 8 ringelementer med mindst et heteroatom valgt blandt oxygen eller
nitrogen;

Rs er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, carboxyl eller C-
amido; eller Rs3 sammen med R4 og de atomer, til hvilke de er bundet,
danner en heterocyklisk ring med 4 til 8 ringelementer med mindst et
heteroatom valgt blandt oxygen eller nitrogen;
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R4 er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, carboxyl eller C-
amido; eller Rs3 sammen med R4 og de atomer, til hvilke de er bundet,
danner en heterocyklisk ring med 4 til 8 ringelementer med mindst et
heteroatom valgt blandt oxygen eller nitrogen;

Rs er oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR’ eller mangler; hvor R' er
valgt blandt alkyl, alkenyl, alkynyl, cycloalkyl, aryl eller aralkyl;

Re er oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR’ eller mangler; hvor R' er
valgt blandt alkyl, alkenyl, alkynyl, cycloalkyl, aryl eller aralkyl;

Rs er hydrogen, azido, alkyl, alkenyl, alkynyl;

Rg er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R’,
C(O)OR’, hvor R' er alkyl, cycloalkyl, aryl, aralkyl eller heterocyclyl; eller Rg
sammen med Rio danner en heterocyklisk ring med 4 til 8 ringelementer
med mindst et heteroatom valgt blandt oxygen eller nitrogen;

Rio er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR’, hvor R' er valgt blandt alkyl, cycloalkyl, aryl, aralkyl eller
heterocyclyl; eller Rg sammen med R1o danner en heterocyklisk ring med 4
til 8 ringelementer med mindst et heteroatom valgt blandt oxygen eller
nitrogen; og

Ri1 er OR, alkoxy, aralkoxy eller amino, hvor R er valgt blandt alkyl,
cycloalkyl, aryl, aralkyl, heterocyclyl eller et farmaceutisk acceptabelt salt
eller indre salt;

en forbindelse ifalge Formel (lI1):

eller et farmaceutisk acceptabelt salt, hydrat eller prodrug deraf, hvor



10

15

20

25

30

DK/EP 3144001 T3

14

R+ er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR’, hvor R' er alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl eller
heterocyclyl; eller R1 sammen med Rz danner en heterocyklisk ring med 4
til 8 ringelementer med mindst et heteroatom valgt blandt oxygen eller
nitrogen;

Rz er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR’, hvor R' er valgt blandt alkyl, cycloalkyl, aryl, aralkyl eller
heterocyclyl; eller R1 sammen med Rz danner en heterocyklisk ring med 4
til 8 ringelementer med mindst et heteroatom valgt blandt oxygen eller
nitrogen;

Rs er OH, OR, alkoxy, aralkoxy eller amino, hvor R er valgt blandt alkyl,
cycloalkyl, aryl, aralkyl, heterocyclyl eller et farmaceutisk acceptabelt salt
eller indre salt;

R4 er alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl, heterocyclyl eller et
farmaceutisk acceptabelt salt eller indre salt;

Rs er oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR’ eller mangler; hvor R' er
valgt blandt alkyl, alkenyl, alkynyl, cycloalkyl, aryl eller aralkyl;

Re er oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR’ eller mangler; hvor R' er
valgt blandt alkyl, alkenyl, alkynyl, cycloalkyl, aryl eller aralkyl; og

Rz er et Cs-Cis-alkyl, hvor Cs-Cis-alkylet ikke er et substitueret alkyl med
bade en carboxylgruppe og en aminogruppe, alkenyl, alkynyl, keton,
aminoalkohol, aminosyre valgt blandt gruppen bestaende af arginin,
histidin, lysin, asparaginsyre, glutaminsyre, serin, threonin, asparagin,
glutamin, cystein, selenocystein, glycin, prolin, alanin, valin, isoleucin,
leucin, methionin, phenylalanin, tyrosin og tryptophan, OR’, Se-R', S-R/,
hvor R' for OR’ er valgt blandt gruppen bestaende af H, alkyl, cycloalkyl,
aryl, aralkyl og heterocyclyl, hvor R' for Se-R' er valgt blandt gruppen
bestdende af H, Cs-Cis-alkyl, cycloalkyl, aryl, aralkyl og heterocyclyl, hvor
R' for S-R' er valgt blandt gruppen bestaende af H, Cs-Cis-alkyl, cycloalkyl,
aryl, aralkyl og heterocyclyl; og kombinationer deraf; og en baerer
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til anvendelse i en fremgangsmade til inhibering af glukoseproduktion hos en
patient, omfattende:

indgift af sammensaetningen til patienten;

hvor sammensaetningen indeholder mindst cirka 0,033% (w/v) af hver af de
mindst tre forskellige forbindelser, og

hvor en prodrug er valgt blandt estere af forbindelser med en hvilken som

helst af de ovennaevnte formler.

5.  Sammenseaetning, som omfatter mindst tre forskellige forbindelser valgt
blandt gruppen bestdende af 5'-Methylselenoadenosin, Se-Adenosyl-L-
homocystein, Gamma-glutamyl-methylseleno-cystein,

en forbindelse ifalge Formel (I):

eller et farmaceutisk acceptabelt salt, hydrat eller prodrug deraf, hvor

R+ er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR’, hvor R' er alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl eller
heterocyclyl; eller R1 sammen med Rz danner en heterocyklisk ring med 4
til 8 ringelementer med mindst et heteroatom valgt blandt oxygen eller
nitrogen;

Rz er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR’, hvor R' er valgt blandt alkyl, cycloalkyl, aryl, aralkyl eller
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heterocyclyl; eller R1 sammen med Rz danner en heterocyklisk ring med 4
til 8 ringelementer med mindst et heteroatom valgt blandt oxygen eller
nitrogen;

Rs er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, carboxyl eller C-
amido; eller Rs3 sammen med R4 og de atomer, til hvilke de er budnet,
danner en heterocyklisk ring med 4 til 8 ringelementer med mindst et
heteroatom valgt blandt oxygen eller nitrogen;

R4 er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, carboxyl eller C-
amido; eller Rs3 sammen med R4 og de atomer, til hvilke de er bundet,
danner en heterocyklisk ring med 4 til 8 ringelementer med mindst et
heteroatom valgt blandt oxygen eller nitrogen;

Rs er oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR’ eller mangler; hvor R' er
valgt blandt alkyl, alkenyl, alkynyl, cycloalkyl, aryl eller aralkyl;

Re er oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR’ eller mangler; hvor R' er
valgt blandt alkyl, alkenyl, alkynyl, cycloalkyl, aryl eller aralkyl;

Rz er et Cs-Cis-alkyl, hvor Cs-Cis-alkylet ikke er et substitueret alkyl med
bade en carboxylgruppe og en aminogruppe, alkenyl, alkynyl, keton,
aminoalkohol, aminosyre valgt blandt gruppen bestaende af arginin,
histidin, lysin, asparaginsyre, glutaminsyre, serin, threonin, asparagin,
glutamin, cystein, selenocystein, glycin, prolin, alanin, valin, isoleucin,
leucin, methionin, phenylalanin, tyrosin og tryptophan, OR’, Se-R', S-R/,
hvor R' for OR’ er valgt blandt gruppen bestaende af H, alkyl, cycloalkyl,
aryl, aralkyl og heterocyclyl, hvor R' for Se-R' er valgt blandt gruppen
bestdende af H, Cs-Cis-alkyl, cycloalkyl, aryl, aralkyl og heterocyclyl, hvor
R' for S-R' er valgt blandt gruppen bestaende af H, Cs-Cis-alkyl, cycloalkyl,
aryl, aralkyl og heterocyclyl; og

Rs er hydrogen, azido, alkyl, alkenyl, alkynyl;

en forbindelse ifalge Formel (II):
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\ R
' A
Rio R
! B\f / \N
Se 0] N”'j
R/ \
5 Re
| | (I
Ra Ry

eller et farmaceutisk acceptabelt salt, hydrat eller prodrug deraf, hvor

R+ er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR’, hvor R' er alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl eller
heterocyclyl; eller R1 sammen med Rz danner en heterocyklisk ring med 4
til 8 ringelementer med mindst et heteroatom valgt blandt oxygen eller
nitrogen;

Rz er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR’, hvor R' er valgt blandt alkyl, cycloalkyl, aryl, aralkyl eller
heterocyclyl; eller R1 sammen med Rz danner en heterocyklisk ring med 4
til 8 ringelementer med mindst et heteroatom valgt blandt oxygen eller
nitrogen;

Rs er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, carboxyl eller C-
amido; eller Rs3 sammen med R4 og de atomer, til hvilke de er bundet,
danner en heterocyklisk ring med 4 til 8 ringelementer med mindst et
heteroatom valgt blandt oxygen eller nitrogen;

Ra er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, cycloalkyl, carboxyl eller C-
amido; eller Rs3 sammen med R4 og de atomer, til hvilke de er bundet,
danner en heterocyklisk ring med 4 til 8 ringelementer med mindst et
heteroatom valgt blandt oxygen eller nitrogen;

Rs er oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR’ eller mangler; hvor R' er
valgt blandt alkyl, alkenyl, alkynyl, cycloalkyl, aryl eller aralkyl;

Re er oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR’ eller mangler; hvor R' er
valgt blandt alkyl, alkenyl, alkynyl, cycloalkyl, aryl eller aralkyl;
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Rs er hydrogen, azido, alkyl, alkenyl, alkynyl;

Rg er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR’, hvor R’ er alkyl, cycloalkyl, aryl, aralkyl eller heterocyclyl; eller Rg
sammen med Rio danner en heterocyklisk ring med 4 til 8 ringelementer
med mindst et heteroatom valgt blandt oxygen eller nitrogen;

Rio er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR’, hvor R' er valgt blandt alkyl, cycloalkyl, aryl, aralkyl eller
heterocyclyl; eller Rg sammen med R1o danner en heterocyklisk ring med 4
til 8 ringelementer med mindst et heteroatom valgt blandt oxygen eller
nitrogen; og

Ri1 er OR, alkoxy, aralkoxy eller amino, hvor R er valgt blandt alkyl,
cycloalkyl, aryl, aralkyl, heterocyclyl eller et farmaceutisk acceptabelt salt

eller indre salt;

en forbindelse ifalge Formel (lI1):

eller et farmaceutisk acceptabelt salt, hydrat eller prodrug deraf, hvor

R+ er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR’, hvor R' er alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl eller
heterocyclyl; eller R1 sammen med Rz danner en heterocyklisk ring med 4
til 8 ringelementer med mindst et heteroatom valgt blandt oxygen eller
nitrogen;

Rz er H, acyl, alkyl, alkenyl, alkynyl, aralkyl, carboxyl, cycloalkyl, C(O)R',
C(O)OR’, hvor R' er valgt blandt alkyl, cycloalkyl, aryl, aralkyl eller
heterocyclyl; eller R1 sammen med Rz danner en heterocyklisk ring med 4
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til 8 ringelementer med mindst et heteroatom valgt blandt oxygen eller
nitrogen;

Rs er OH, OR, alkoxy, aralkoxy eller amino, hvor R er valgt blandt alkyl,
cycloalkyl, aryl, aralkyl, heterocyclyl eller et farmaceutisk acceptabelt salt
eller indre salt;

R4 er alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl, heterocyclyl eller et
farmaceutisk acceptabelt salt eller indre salt;

Rs er oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR’ eller mangler; hvor R' er
valgt blandt alkyl, alkenyl, alkynyl, cycloalkyl, aryl eller aralkyl;

Re er oxo, hydroxyl, alkyl, alkenyl, alkynyl, OR’ eller mangler; hvor R' er
valgt blandt alkyl, alkenyl, alkynyl, cycloalkyl, aryl eller aralkyl; og

Rz er et Cs-Cis-alkyl, hvor Cs-Cis-alkylet ikke er et substitueret alkyl med
bade en carboxylgruppe og en aminogruppe, alkenyl, alkynyl, keton,
aminoalkohol, aminosyre valgt blandt gruppen bestaende af arginin,
histidin, lysin, asparaginsyre, glutaminsyre, serin, threonin, asparagin,
glutamin, cystein, selenocystein, glycin, prolin, alanin, valin, isoleucin,
leucin, methionin, phenylalanin, tyrosin og tryptophan, OR’, Se-R', S-R/,
hvor R' for OR’ er valgt blandt gruppen bestaende af H, alkyl, cycloalkyl,
aryl, aralkyl og heterocyclyl, hvor R' for Se-R' er valgt blandt gruppen
bestdende af H, Cs-Cis-alkyl, cycloalkyl, aryl, aralkyl og heterocyclyl, hvor
R' for S-R' er valgt blandt gruppen bestaende af H, Cs-Cis-alkyl, cycloalkyl,
aryl, aralkyl og heterocyclyl; og kombinationer deraf;, og en baerer
til anvendelse i en fremgangsmade til modulation af glukosestofskifte hos
en patient, omfattende:

indgift af sammensaetningen til patienten;

hvor sammensaetningen indeholder mindst cirka 0,033% (w/v) af hver af de
mindst tre forskellige forbindelser, og

hvor en prodrug er valgt blandt estere af forbindelser med en hvilken som

helst af de ovennaevnte formler.
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6. Sammenseetning til anvendelse ifalge et hvilket som helst af kravene 1, 2, 4
eller 5, hvor sammensaetningen omfatter 5'-Methylselenoadenosin, Se-Adenosyl-
L-homocystein og Gamma-glutamyl-methylseleno-cystein.

7. Sammenseetning til anvendelse ifalge et hvilket som helst af kravene 1, 2, 4
eller 5, hvor sammensatningen omfatter mindst 0,1% (w/v) af 5'-

Methylselenoadenosin.

8. Sammenseetning til anvendelse ifalge et hvilket som helst af kravene 1, 2, 4
eller 5, hvor sammenseetningen endvidere omfatter insulin eller en analog eller et
derivat deraf, hvor begreberne "analog" og "derivat" er udskiftelige og refererer til
en naturlig eller ikke-naturlig modifikation af mindst en position af molekylet.

9. Sammenseetning til anvendelse ifalge et hvilket som helst af kravene 1, 2, 4
eller 5, hvor sammensaetningen udelukker en eller flere af 5'-Methylthioadenosin,
S-Adenosyl-L-homocystein eller Gamma-glutamyl-methyl-cystein.

10. Sammensaetning, som omfatter fra 0,033% (w/v) til 99,9% (w/v) af mindst tre
forskellige  forbindelser valgt blandt gruppen bestdende af 5'-
Methylselenoadenosin, Se-Adenosyl-L-homocystein  og Gamma-glutamyl-
methylseleno-cystein; en forbindelse med Formel (1) ifglge krav 1, en forbindelse
med Formel () ifglge krav 1, en forbindelse med Formel (lll) ifelge krav 1 0og en

beerer.
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