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PHARMACEUTICAL AGENTS, COMPOSITIONS, AND METHODS RELATING
THERETO

PRIORITY CLAIM
[001] This application claims priority to United States Provisional Patent Application
Serial No. 62/508,730, filed May 19, 2017. The entire content of this priority application 1s

incorporated herein by reference.

BACKGROUND
[002] Diabetes 1s a group of metabolic diseases in which there are high blood sugar
levels over a prolonged period. There are various types of diabetes. Type I diabetes results from
the pancreas’s failure to produce enough insulin. Type II diabetes begins with insulin resistance,
a condition 1in which cells fail to respond to insulin properly, and may cause a lack of insulin as
the disease progresses. There are about 400 million diabetes patients worldwide, with type II
diabetes making up about 90% of the cases. Insulin, or insulin analogs, are generally used for
treating type I diabetes. Metformin 1s generally recommended as a first line treatment for type 11

diabetes.

SUMMARY
[003] Prior work (see WO2015/137983, US2016/0045533 (1ssued at US Patent #
9,642.874), and US2016/0082033, each of which 1s incorporated herein by reference) has
defined certain selenoorganic compounds that show interesting and valuable activity in certain
disease model systems. Specifically, this work has defined compounds of formulas I, II, and III,

depicted below:

(D) (IT) (I11)

for which 1t reports that:
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1. A combination of the following three compounds: 5'-Methylselenoadenosine
(compound C, which 1s a compound of formula I), Se-Adenosyl-L-homocysteine (compound D,
which 1s a compound of formula II), and Gamma-glutamyl-methylseleno-cysteine (Compond E,

which 1s a compound of formula III),

NHo

N

NH, o o Ox_OH
N
\-"""'"\ NN N\ Se
§ ] S W e
S8 N )K/\/Se ZZY 3
HaC HO _ N HsN
O : 5
H,N % %

OH  ©F OH OH

Compound C Compound D Compound E

but not the individual compounds, can significantly attenuate G6pc expression, thereby
representing a novel way to reduce hepatic glucose output (See, WO2015/137983);

2. Compounds C and D each individually can enhance mitochondrial (MT)
potential in mouse skeletal muscle myoblast C2C12 cells, which suggests that
compounds C and D can be potentially useful in the area of T2DM research and control
(See, WO2015/137983);

3. A combination of compounds C, D and E can reduce hepatic glucose output
and improve glucose tolerance in an 1nsulin-resistant, diabetic mouse model, so that a
combination of compounds C, D and E can be useful in treatment of obesity,
hyperglycemia, and diabetes (See, US20160045533);

4. Compounds C and D may be useful 1n treating sarcopenia caused by
progressive loss of MT function in the kidney or skeletal muscle (See, WO2015/137983);

5. Compound C can enhance gluconeogenesis in brain cells which may be
beneficial for the survival of brain cells in AD (See, US20160082033); and

6. Compounds C and D can inhibit Tau hyperphosphorylation in AD brains (See,
US20160082033).

[004] Thus, prior work demonstrates that compounds C, D, and E may be useful 1n
certain contexts; specifically teaching that, in some contexts (e.g., inhibiting Tau
hyperphosphorylation in AD brains, and enhancing gluconeogenesis 1n brain cells), compound C

or compound D might be useful alone. In other contexts (e.g., reducing hepatic glucose output,
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improving glucose tolerance and/or otherwise effectively treating obesity, hyperglycemia, and/or
diabetes), these compounds are shown not to be useful individually, but to be effective in
combination.

[005] The present disclosure provides new selenium-containing compounds, sharing
some structural relationship with compounds of formulas I and II above (and specifically with
compounds C and D), that surprisingly show potent activity alone 1n a variety of contexts.

[006] The present disclosure demonstrates, among other things, that provided
compounds exhibit bioactivity comparable to or better than the CDE combination 1n reducing
hepatic glucose output and/or improving glucose tolerance 1n insulin-resistant, diabetic subjects.
The present disclosure also teaches that provided compounds likely have bioactivity comparable
to or better than Compounds C and/or D 1n enhancing gluconeogenesis (e.g., 1n brain cells),
and/or 1n inhibiting Tau hyperphosphorylation (e.g., in AD brains).

[007] The present disclosure provides compositions that contain and/or deliver such
compounds (and/or one or more degradants and/or active metabolites thereof), as well as various
methods (e.g., of manufacture, characterization, and/or use) and/or materials (e.g., intermediates,
degradants, metabolites [1n particular, active metabolites], etc) related to such provided
compounds. In some embodiments, provided technologies relate to and/or are particularly usetul
1n modulating glucose metabolism; enhancing AS160 phosphorylation for translocation of
glucose transporter proteins (GLUTSs) from cytosolic vesicles to plasma membrane for glucose
uptake; and/or enhancing glucose uptake in both liver and skeletal muscles. In some
embodiments, provided technologies relate to and/or are particularly useful 1n treatment of
hyperinsulinemia, obesity, diabetes, hyperglycemia, polycystic ovary syndrome (PCOS),
Alzheimer’s disease (AD), and/or sarcopenia. In some embodiments, provided technologies
relate to and/or are particularly useful 1n treatment of type II diabetes related disorders, such as
diabetic retinopathy, nephropathy, neuropathy, and vascular disorders.

[008] In some embodiments, the present disclosure provides a compound of formula

(1):
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NH-
<41
R
~
.
S
R —Se O
O O
e N2
(1)

or a pharmaceutically acceptable salt, prodrug, or 1somer thereof, wherein

each of R” and R’ is independently H or -C(O)-R, wherein each R is independently C,.
salkyl or 3-8 membered carbocyclic or heterocyclic, wherein R* and R’ cannot be both H;

or R” together with R’ form -(CH,)y-C(O)-(CH;)m-, wherein each of n and m is
independently 0-3, and n+m <3;

R’ is -Calkyl or -Calkyl-CH(NH,)COOH;

R® is H or halogen; and

X 1s H or halogen,

wherein each of the carbocyclic, heterocyclic, -(CH;),-, and -(CH;),,- moieties,
independently, may optionally be substituted 1-3 times by -OH, halogen, NH;, CN, or Calkyl;
and

each Cisalkyl moiety, independently, may optionally be substituted 1-3 times by -OH,
halogen, NH,, or CN.

[009] In some embodiments, the present disclosure provides a compound of formula

(2):
N A
208
N N//kX

(R5)3C—Se O

= O O R
Y Y
O O (2),

or a pharmaceutically acceptable salt, prodrug, or 1somer thereof,

wherein R® is H or halogen;
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X 1s H or halogen;

each Rs’ 1s independently H or halogen; and

each R 1s independently C,.salkyl, each of which, independently, may optionally be
substituted 1-3 times by halogen.

[0010] In some embodiments, the present disclosure provides a compound of formula
(3):
NH.,
R
NS Py
(R')3C_Se O
(R')sc\l_(O O\H/C(R')?’
O ° (3).

or a pharmaceutically acceptable salt, prodrug, or 1somer thereof,

wherein R® is H or halogen;

X 1s H or halogen; and

each R’ 1s independently H or halogen.
[0011] In some embodiments, the present disclosure provides compositions which
comprise or deliver a compound of any one of formulas (1)-(3). In some embodiments, the
present disclosure provides compositions comprising a compound of any one of formulas (1)-(3),
or a pharmaceutically acceptable salt, prodrug, or isomer thereof. In some embodiments, the
present disclosure provides compositions which deliver an active moiety of a compound of any
one of formulas (1)-(3).
[0012] In some embodiments, the present disclosure provides methods of treating a
disease, disorder, or condition by administering a compound or composition as described herein.
In some embodiments, provided methods enhance AS160 phosphorylation for translocation of
glucose transporter proteins (GLUTSs) from cytosolic vesicles to plasma membrane for glucose
uptake. In some embodiments, provided methods enhance glucose uptake in both liver and
skeletal muscles. In some embodiments, provided methods attenuate hyperinsulinemia without

impairing kidney function and/or resulting in liver damage.
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[0013] In some embodiments, the present disclosure provides methods for treating an
insulin-related disorder, comprising administering a therapeutically effective amount of a
compound of any one of formulas (1)-(3), or a pharmaceutically acceptable salt, prodrug, or
1somer thereof.

[0014] In some embodiments, the present disclosure provides methods for treating
insulin resistance disorder comprising administering a therapeutically effective amount of a
compound of any one of formulas (1)-(3), or a pharmaceutically acceptable salt, prodrug, or
1somer thereof.

[0015] In some embodiments, the present disclosure provides methods for treating
glucose metabolism disorders, comprising administering a therapeutically effective amount of a
compound of any one of formulas (1)-(3), or a pharmaceutically acceptable salt, prodrug, or
1somer thereof. In some embodiments, glucose metabolism disorders involve a blood glucose
level which 1s not within the normal range. In some embodiments, glucose metabolism disorders
relate to defective glucose uptake and/or transport. In some embodiments, glucose metabolism
disorders are Diabetes Mellitus, glyceraldehyde-3-phosphate dehydrogenase deficiency,
glycosuria, hyperglycemia, hyperinsulinism, or hypoglycemia.

[0016] In some embodiments, the present disclosure provides methods for treating
disorders of glucose transport, comprising administering a therapeutically effective amount of a
compound of any one of formulas (1)-(3), or a pharmaceutically acceptable salt, prodrug, or
1somer thereof. In some embodiments, disorders of glucose transport are glucose-galactose
malabsorption, Fanconi-Bickel syndrome, or De Vivo disease (GLUT1 deficiency syndrome
(GLUTI1DS)).

[0017] In some embodiments, the present disclosure provides methods for treating
obesity comprising administering a therapeutically effective amount of a compound of any one
of formulas (1)-(3), or a pharmaceutically acceptable salt, prodrug, or isomer thereof.

[0018] In some embodiments, the present disclosure provides methods for treating
diabetes comprising administering a therapeutically effective amount of a compound of any one
of formulas (1)-(3), or a pharmaceutically acceptable salt, prodrug, or isomer thereof.

[0019] In some embodiments, the present disclosure provides methods for treating
hyperglycemia comprising administering a therapeutically effective amount of a compound of

any one of formulas (1)-(3), or a pharmaceutically acceptable salt, prodrug, or 1somer thereof.
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[0020] In some embodiments, the present disclosure provides methods for treating
polycystic ovary syndrome (PCOS) comprising administering a therapeutically effective amount
of a compound of any one of formulas (1)-(3), or a pharmaceutically acceptable salt, prodrug, or
1somer thereof.

[0021] In some embodiments, the present disclosure provides methods for treating
Alzheimer’s disease (AD) comprising administering a therapeutically effective amount of a
compound of any one of formulas (1)-(3), or a pharmaceutically acceptable salt, prodrug, or
1somer thereof.

[0022] In some embodiments, the present disclosure provides methods for treating
sarcopenia comprising administering a therapeutically effective amount of a compound of any
one of formulas (1)-(3), or a pharmaceutically acceptable salt, prodrug, or isomer thereof.
[0023] In some embodiments, the present disclosure provides methods for inhibiting
glucose production, comprising administering a compound of any one of formulas (1)-(3), or a
pharmaceutically acceptable salt, prodrug, or 1somer thereof.

[0024] In some embodiments, the present disclosure provides methods for increasing
glucose tolerance, comprising administering a compound of any one of formulas (1)-(3), or a
pharmaceutically acceptable salt, prodrug, or 1somer thereof.

[0025] In some embodiments, the present disclosure provides methods for activating
and/or restoring insulin receptor function and 1ts downstream signaling 1n a subject in 1nsulin-
resistant state, comprising administering a compound of any one of formulas (1)-(3), or a
pharmaceutically acceptable salt, prodrug, or i1somer thereof.

[0026] In some embodiments, the present disclosure provides methods for treating
mitochondria-associated diseases (e.g., caused by dysfunctional mitochondria), comprising
administering a therapeutically effective amount of a compound of any one of formulas (1)-(3),
or a pharmaceutically acceptable salt, prodrug, or isomer thereof. In some embodiments,
mitochondria-associated diseases can be degenerative diseases (e.g., cancer, cardiovascular
disease and cardiac failure, type 2 diabetes, Alzheimer's and Parkinson's diseases, fatty liver
disease, cataracts, osteoporosis, muscle wasting such as sarcopenia, sleep disorders and
inflammatory diseases such as psoriasis, arthritis and colitis). In some embodiments, the present

disclosure provides methods for enhancing mitochondrial function, comprising administering a
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therapeutically effective amount of a compound of any one of formulas (1)-(3), or a
pharmaceutically acceptable salt, prodrug, or 1somer thereof.

[0027] In some embodiments, the present disclosure provides methods for enhancing
gluconeogenesis in the brain, comprising administering a therapeutically effective amount of a
compound of any one of formulas (1)-(3), or a pharmaceutically acceptable salt, prodrug, or
1somer thereof. In some embodiments, provided methods increase glucose uptake in the brain. In
some embodiments, provided methods are for maintaining or restoring brain functions including
memory and learning.

[0028] In some embodiments, the present disclosure provides methods for preparing a
compound of any one of formulas (1)-(3), or a pharmaceutically acceptable salt, prodrug, or
1somer thereof.

[0029] In some embodiments, the present disclosure provides methods for characterizing
a compound of any one of formulas (1)-(3), or a pharmaceutically acceptable salt, prodrug, or
1somer thereof.

[0030] In some embodiments, the present disclosure provides methods for preparing a
composition as described herein.

[0031] In some embodiments, the present disclosure provides methods for characterizing

a composition as described herein.

BRIEF DESCRIPTION OF THE DRAWING

[0032] Fig 1. Effects of insulin and pure compounds (listed in Table 1) on glucose
production 1n HepG?2 cells. Cells were treated with 0.24% DMSO (the maximal volume of tested

compound solvent), insulin or listed compounds 1n serum-free glucose production media for 48

hr. Data were normalized by cell number as described above, and presented as mean = SEM of at
least 3 samples per group.

[0033] Fig 2. Comparison of the potency of Compound #43 and metformin in both
HepG2 and H41IE cells. HepG?2 cells were treated with 0.24% DMSO (the maximal volume of
Compound #43 solvent), insulin, Compound #43 and metformin in serum-free glucose

production media for 48 hr, while rat liver cells were treated for 24 hr. Glucose levels 1n culture

media were normalized by cell number in each sample. Data are presented as mean = SEM of

between 3 and 8 samples per group.
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[0034] Fig 3. Differential effects of Compound #C, #350 and #43 on blood glucose

levels and serum HbAl1c levels in Leprdb/ % mice after chronic treatment. Leprdb/ ab

mice were
intraperitoneally 1njected with saline (containing 0.2% the compound solvent DMSO),
Compound #C, #50 and #43 at the dose of 25 ng selentum of each compound per kilogram body
weight daily starting 38 days of age. At the mouse age of day 81, the blood glucose level of
overnight-fasting mice were determined using a glucometer. Serum HbAlc levels were
determined on mice at 90 days of birth. The relative HbAlc levels were obtained after the

HbAIlc levels in Compound #C-, #50- and #43-treated mice were divided by the average HbAlc

levels 1n saline-treated mice. Data are presented as mean £ SEM of indicated number of animals.

P values were derived by comparing treatments to the control/saline group.

[0035] Fig. 4. Effects of Compound #43 and its sulfur analog #68 on blood glucose
db/db db/db

levels and HbAlc levels in Lepr™"" mice after chronic treatment. Lepr™ ™ mice were

intraperitoneally injected with saline(containing 0.2% the compound solvent DMSO),
Compound #43, and #68 at a dose of 25 ng selenium or sulfur as Compound #43 (0.136 mg) or
Compound #68 (0.298 mg), respectively, per kilogram body weight daily starting at 38 days of
age. Atthe mouse age of day 128, blood glucose and HbA 1¢ levels of overnight-fasting mice
were determined. HbA1c levels in Compound #43 and #68-treated mice were divided by the

average HbAlc levels 1n saline-treated mice to obtain the relative HbAlc levels. Data are

presented as mean = SEM of the indicated number of animals. Fasting blood glucose levels 1n
non-diabetic/obese mice (1indicated by the symbol # 1n the bar graph) were obtained from 4-
month-old wild-type C57 male mice 1n the laboratory. Different letters 1n the bar graph indicate a
P value less than 0.05.

[0036] Fig. S. Differential effects of Compound #43, #69 and #70 on fasting blood

glucose and HbAlc levels in Leprdb/ “> mice after chronic treatment. Male 41-day-old Lepr

db/db

mice were intraperitoneally injected with saline (containing 0.2% the compound solvent DMSO),
Compound #43 (0.136 mg), #69 (0.145 mg) and #70 (0.153 mg) at the dose of 25 ug selenium of

each compound per kilogram body weight daily for 43 days (for blood glucose assay) and 90
days (for HbAlc assay), fasted overnight, and then subjected to blood glucose analysis (using a

glucometer) or blood HbAlc assay. Data are presented as mean = SEM of indicated number of

animals. P values were derived by comparing treatments to the control/saline group.
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[0037] Fig. 6. Acute treatment of Compound #43 resulted in a decrease in blood

db/db db/db

glucose level in Lepr male mice were fasted overnight,

male mice. 8-10-week-old Lepr
and then 1njected intraperitoneally with saline (containing 0.2% DMSO, the maximal 1njected
volume of Compound #43 stock solvent), 0.0054, 0.054, 0.54 and 5.4 mg Compound #43 /kg

% mice right before and after injection at 1, 2, 3, 5

body weight. Blood glucose levels in Lepr
and 8 hours (under fasting conditions but having free access to water) were examined. The
reduced glucose levels 1n individual mice were obtained by subtracting the glucose level right

before the 1injection from the blood glucose level at each time period after injection. Data are

presented as mean = SEM of the indicated number of amimals. With the exception of the P values
shown, which relate to the early time points of the 0.0054 mg/kg BW treatment, all other
reductions were significant (P < 0.05) when compared with the corresponding time points for

DMSO/saline injection.

[0038] Fig. 7. Acute treatment of Compound #43 reduced the blood glucose levels in

Lepr™® male mice under ad-libitum feeding conditions. Blood glucose levels of 6-week-old

Wb male mice with free access to food and water were determined before and at 24 hr after an

Lepr
intraperitoneal 1njection of saline (containing 0.2% the compound solvent DMSQO) or Compound
#43 at a dose of 5.4 mg/kg body weight. The relative blood glucose levels before 1. p. injection
was normalized by the average glucose level of all five mice within the group, and referred to as
100%. After 24 hr injection, the relative blood glucose level in each mouse was normalized by
1ts glucose level before injection. Different letters represents a statistically significant difference

(P < 0.05) between groups.

[0039] Fig. 8. Chronic treatment of Compound #43 improves glucose tolerance in
Lepr™™ mice. A-B. Male 38-day-old Lepr®™”® mice were intraperitoneally injected with (A)
saline (containing 0.2% the compound solvent DMSQO), Compound #43, Compound #C and
Compound #50 daily for 43 days, or with (B) Compound #68 or Compound #43 for 60 days. C.
Male 41-day-old Leprdb/db mice were intraperitoneally injected with saline (containing 0.2% the

compound solvent DMSO), Compound #43, Compound #69 and Compound #70 daily for 43
days. The daily injected dose of all listed compounds was 25 ng selenium or sulfur per tested

compound per kilogram body weight. At the end of treatment, these mice were fasted overnight,
injected with glucose (2 g/kg body weight) and blood glucose levels immediately before glucose

1injection (referred to as zero time point) and at 0.25 hours, 0.5 hours, 1 hour and 2 hours post-

10
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glucose 1njection were measured using a glucometer with the maximal reading of 600 mg/dL. A

glucose level 1n excess of this limit was recorded as 600 mg/dL. Data are presented as Mean

SEM of indicated number of animals. * P <0.05, ** P <0.01, *** P <0.001 when compared to

(A, C) saline-treated or (B) Compound #68-treated mice at the same time point.

[0040] Fig. 9. Attenuated G6pc mRNA in the livers of Leprdb/ “ mice after chronic

treatment with Compound #43. Leprdb/db mice at postnatal day 38 were intraperitoneally
1injected with saline (containing 0.2% the compound solvent DMSQO), Compound #50 and #43 at
the dose of 25 ng selentum of each compound per kilogram body weight daily for 52 days.
QRT-PCR was performed on liver RNA 1solated from these compound-treated mice. G6pc

mRNA level 1in each sample was normalized by Actb mRNA level and data are presented as

mean = SEM of five mice per group. P value 1s relative to the saline group.

[0041] Fig. 10. Inhibition of basal G6pc/G6PC expression by Compound #43 in

AML-12 and human HepG?2 cells, and the cooperative action of both Compound #43 and
insulin in the inhibition of G6pc expression in AML-12 cells. (A) Effects of selenium
compounds on G6pc expression in AML-12 cells under serum-free conditions. AML-12 cells
were treated without (Control), or with compound CDE combination, Compound #C, Compound
#D, Compound #50 and Compound #43 at a dose of 300 parts per billion (ppb) of selenium
(equivalent to 3.8 uM of each compound) 1n serum-free, Insulin-Transferrin-Sodium selenite
supplement (ITS) and Dexamethasone (Dex)-free media for 24 hr. (B) Inhibition of G6PC
expression by Compound #43 1n human HepG2 cells. HepG2 cells were incubated with 100 nM
of 1nsulin or 600 ppb of Compound #43 1n serum-free media for 40 hr. (C) Inhibition of G6pc
expression by Compound #43, and the cooperative action of both Compound #43 and 1nsulin 1n
the inhibition of G6pc expression in AML-12 cells that were pretreated with Compound #43.
AML-12 cells were pretreated with Compound #43 in FBS-containing but ITS/Dex-free media
for 24 hours followed by retreatment of Compound #43 1n the presence or absence of 10 nM

insulin 1n serum/ITS/Dex-free media for 6 hours. G6pc mRNA level in each sample was

normalized by Actb mRNA level and data are presented as mean £ SEM of indicated number of
sample 1n each group. P value 1n panel A-B was compared to the Control group. Different letters

1in panel C represents a statistical significance (P < 0.05) between those two groups.

[0042] Fig. 11. Inhibition of G6pc expression by Compound #43, and the cooperative

action of both Compound #43 and insulin in the inhibition of G6pc expression in AML-12
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cells stimulated with diabetic stimuli. AML-12 cells were pretreated with Compound #43 1n
10% FBS-containing but I'TS/Dex-free media for 24 hours followed by retreatment of Compound
#43 1n the presence or absence of insulin along with 8-CPT/Dex (diabetic stimuli) in serum-free

and ITS-free media for 6 hours. G6pc mRNA level 1in each sample was normalized by Actb

mRNA level and data are presented as mean = SEM of indicated number of sample in each
agroup. Numbers on the top of each column are the mean values of G6pc mRNA levels
normalized by the level in non-8-CPT/Dex-treated group (Column #1). Different letters 1n the

bars represents a statistical significance (P < 0.05) between those two groups.

[0043] Fig. 12. Chronic treatment of Compound #43 enhanced the phosphorylation

of Pdk1/Akt/Foxol signaling in the livers of insulin-resistant Lepr®”®

: db/db
analysis. Lepr

mice by Western blot
mice at postnatal day 38 were intraperitoneally injected with saline
(containing 0.2% the compound solvent DMSQO) or Compound #43 at a dose of 25 g selenium
per kilogram body weight daily for 52 days. Western blots were performed on liver tissues (100

ug protein per lane) from saline or Compound #43-treated mice. (A) Western blot images.

Protein levels in each sample were normalized by Gapdh level and data are presented as mean +
SEM of five mice per group in (B). P value was compared to the saline group.

[0044] Fig. 13. Transient activation of PDKI1 and AKT and subsequent inactivation

of FOXO1 in human liver HepG2 cells by Compound #43. HepG2 cells were serum-starved
overnight, incubated without or with Compound #43 (600 ppb) for the indicated time, and then
subjected to Western blot analysis. (A) Representative Western blots. (B-F) Quantitative data of
protein expressions of (B) pPDKI1, (C) pAKT, (D) total AKT, (E) pFOXO0O1T24, and (F) total
FOXOI1 1n Western blots are presented as mean = SEM of 3 samples. * P less than 0.05 when

compared to the protein level at O min (right before compound treatment) or 1ts control group at

each time point.

[0045] Fig. 14. Transient activation of Pdkl and Akt and enhanced Foxol

phosphorylation by Compound #43 in mouse liver AML-12 cells cultured under simulated
diabetic condition. AML-12 cells were cultured 1n 10% FBS but ITS/Dex-free DMEM/F12

media for 24 hr, and then serum-starved in plain DMEM/F 12 media overnight. These serum-
starved AML12 cells were treated with diabetic stimuli, 8-CPT (0.1 mM) and Dex (0.5 uM), 1n
combination without (Control) or with 10 nM 1nsulin or Compound #43 (300 ppb) 1n plain
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DMEM/F12 media for the indicated time points, and then subjected to Western blot analysis. (A)

Representative Western blots. (B-E) Quantitative data of protein expressions in Western blots

are presented as mean = SEM of 3 samples. * P <0.05 when compared to the Control (no
insulin/Compound #43 treatment) at each time point. Different letters in (E) represents a
statistical significance (P < 0.05) between those two groups.

[0046] Fig. 15. Effects of Compound #43 and Compound #30 on the expression of

db/db db/db

the Glut4 gene in the livers of Lepr™"" mice. Lepr™ " mice at postnatal day 38 were

intraperitoneally 1njected with saline (containing 0.2% the compound solvent DMSO),
Compound #50 or Compound #43 at a dose of 25 ng selenium of each compound per kilogram

body weight daily for 52 days. QRT-PCR analyses were performed on liver RNA samples

db/db

1solated from these compound-treated Lepr™™ ™ mice. G/ut4 mRNA level in each sample was

normalized by Actb mRNA level, and data are presented as mean £ SEM of four to five mice per
aroup. P values were calculated for treatment versus the control saline group.

[0047] Fig. 16. Enhanced Gl/ut4 mRNA expression in mouse liver AML-12 cells by
Compound #43. (A) QRT-PCR of basal G/ut4 expression in AML-12 cells. AML-12 cells were
amplified, seeded on 24-well plates, and cultured in 10% FBS ITS/Dex-free DMEM/F12 media
overnight. These cells were then incubated with vehicle (0.024% DMSO) or Compound #43
(300 ppb) 1n serum-free DMEM/F12 media for 24 hours (hr). (B) QRT-PCR of G/ut4 expression
in AML-12 cells cultured under simulated diabetic conditions. Amplified AML-12 cells were
cultured on 24-well plates in 10% FBS but ITS/Dex-free DMEM/F12 media for 24 hr, and then
serum-starved in plaan DMEM/F 12 media overnight. Serum-starved AML-12 cells were then
incubated with vehicle (0.024% DMSO) or with Compound #43 (300 ppb) 1n the presence of

diabetic stimuli, 0.1 mM 8-CPT and 0.5 uM Dex, 1n serum-free plain DMEM/F12 media for 6
and 24 hr. G/ut4 mRNA level in each sample was normalized by Actb mRNA level, and data are

presented as mean = SEM of 3 samples.

[0048] Fig. 17. Enhanced glucose uptake in AML-12 cells after the treatment of

insulin and Compound #43 for 1.5 hours. Data are presented as mean £ SEM of the indicated
number of samples per group. * P value was less than 0.05, compared to the basal group.
[0049] Fig. 18. Enhanced phosphorylation of insulin downstream signaling

molecules-Pdk1l, Akt and Foxol- in skeletal muscles of insulin-resistant Leprdb/ “ mice in
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response to treatment with Compound #43. Leprdb/db mice at postnatal day 38 were
intraperitoneally 1njected with saline (containing 0.2% the compound solvent DMSQO) or

Compound #43 at the dose of 0.136 mg of Compound #43 per kilogram body weight daily for 52

days. Western blots were performed on skeletal muscle protein extracts (100 ug protein per

db/db

lane) 1solated from saline or Compound #43-treated Lepr™ ™ mice. (A) Images of Western

blots. (B) Quantitative protein levels (normalized by [3-tubulin protein levels 1n each sample).

Data are presented as mean = SEM of five mice. P value was derived by comparison to the

control (saline) group.

[0050] Fig 19. Effects of insulin and Compound #43 on the glucose uptake in the
differentiated mouse C2C12 (skeletal muscle) cells. Equal number of C2C12 cells were seeded
on 96-well plates (5000 cells/well), cultured in 10% FBS DMEM media for 5 days, differentiated
1n 0.5% horse serum -containing DMEM media for 7 days. The completely differentiated C2C12
cells were pretreated without or with Compound #43 (300 or 600 ppb) 1n serum/glucose-free
DMEM media overnight, and then incubated without (basal) or with insulin, Compound #43, or
both in glucose-free DMEM media at 37°C for 1.5 hr. After the treatments, cells were incubated
with 1 mM of 2-deoxyglucose (2D(@G) at room temperature for 30 minutes, and then subjected to

luminescence analysis using Promega’s Glucose Uptake-Glo Assay kit. Data are presented as

mean = SEM of indicated number of samples per group. P value was derived by comparison to
the basal group.
[0051] Fig. 20. Restoration of insulin receptor function (indicated by elevated

phosphorylation of Insrf3 at Tyrosine 1146) in the skeletal muscle of insulin-resistant

db/db db/db

Lepr™™™" mice after chronic treatment with Compound #43. Lepr™ ™ mice at postnatal day 38
were intraperitoneally injected with saline (containing 0.2% the compound solvent DMSQO) or

Compound #43 at a dose of 0.136 mg of Compound #43 per kilogram body weight daily for 52

days. Western blots were performed on skeletal muscle protein extracts (100 ug protein per

db/db

lane) 1solated from saline or Compound #43-treated Lepr™ " mice. (A) Images of Western

blots. (B-C) Quantitative protein levels (normalized by [3-tubulin protein level in each sample).

Data are presented as mean = SEM of five mice. P values were calculated by comparison of

treatment values to values 1n the control/saline group.
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[0052] Fig. 21. Activation of Insr and stimulation of phosphorylation of
Pdk1/Akt/AS160 in differentiated mouse C2C12 (skeletal muscle) cells by Compound #43.
Equal number of C2C12 cells were seeded on 12-well plates (60,000 cells/well), cultured in 10%
FBS DMEM media for 5 days, differentiated in 0.5% horse serum-containing DMEM media for

7 days. Completely differentiated C2C12 cells were serum-starved overnight and then treated
without or with Compound #43 (600 ppb) or insulin (200 nM) 1n serum-free DMEM media at

37°C for (A-B) 5 minutes or (C-D) 30 minutes, and then subjected to Western blot analysis. (A,

C) Images of Western blots. (B, D) Quantitative protein levels (normalized by [3-tubulin protein

level 1in each sample). Data are presented as mean = SEM of three samples per group. *P < 0.05,
** P <0.01, ***P <0.001 when compared to the control group (without Compound #43

treatment).

[0053] Fig. 22. Restoration of insulin receptor function (indicated by elevated

db/db

tyrosine phosphorylation of Insr[3) in the livers of insulin-resistant Lepr™ " mice after

chronic treatment with Compound #43. Lepr™™

mice at postnatal day 38 were
intraperitoneally injected with saline (containing 0.2% the compound solvent DMSQO) or
Compound #43 at a dose of 0.136 mg of Compound #43 per kilogram body weight daily for 52

db/db

days. Liver protein extracts 1solated from saline- or Compound #43-treated Lepr™" mice were

subjected to ELISA assays of (A) phospho-Insrf3 at Y1146 and (B) phospho-Insr3 at
Y1150/1151, and Western blot analysis of 3-tubulin. (A) The protein levels of phosphor-Insrf3 at
Y1146 (normalized by [3-tubulin protein level in each sample). (B) The protein levels of

phospho-Insrf3 at Y1150/1151 (normalized by B-tubulin protein level in each sample). Data are

presented as mean = SEM of the indicated number of mice. P values were calculated by
comparison of treatment values to values 1n the saline group.

[0054] Fig. 23. Activation of INSR and stimulation of AS160 phosphorylation in

human liver HepG2 cells by Compound #43. HepG2 cells were seeded on 6-well plates (7 X
10° cells/well), cultured in 10% FBS EMEM media for 30 hr, and then serum-starved overnight.

These serum-starved HepG2 cells were then treated with Compound #43 (600 ppb) at 37°C for
30 and 60 minutes (min), and then subjected to Western blot analysis. (A) Images of Western
blots. (B) Quantitative protein levels (normalized by ACTB protein level in each sample). Data
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are presented as mean £ SEM of three samples per group. ** P <0.01, when compared to the

control group (O min group, before Compound #43 treatment).

[00S5] Fig. 24. Chronic treatment of Compound #43 resulted in a decrease of serum

° ° ° ° ® ° o db/db ht
insulin and alanine aminotransferase (ALT), but not creatinine, levels in Lepr™ mice.

% mice at 38 days of age were intraperitoneally (ip) injected daily with physiological

Male Lepr
saline (0.09% NaCl) containing 0.2% DMSO, or Compound #43 at a dose of 0.136 mg per
kilogram body weight, diluted 1n sterile physiological saline) for 52 days. Sera from 3-month-old
wild-type (non-diabetic) C57 mice were also collected. These serum samples were collected and
subjected to (A) insulin, (B) ALT and (C) creatinine assays. Numbers on the top of each column
1n (A) are the mean values of insulin levels. Different letters in the bars represents a statistical

significance between those two groups.

[0056] Fig. 25. Mode of action of Compound #43 against type I and 11 diabetes.

[00S7] Fig. 26. Direct activation of insulin receptor by Compound #43 and insulin in
a cell-free system. Equal amounts of native insulin receptor proteins, containing both alpha and
beta subunits were incubated with 0.003% DMSO (Compound #43 solvent), Compound #43 or
insulin (Ins, 0.5 uM) 1n the presence of ATP, and then subjected to Western blot analysis to
detect phosphorylated Insr{3 (activated Insr) at Y1146, 1150 and 1151. Different alphabetic letter

1n the bar graph denotes statistically significant changes between those groups.

[00S8] Fig. 27. Compound #68 was less effective than Compound #43 in the
activation of insulin receptor in the cell-free system. Equal amounts of native insulin receptor
were incubated with 0.003% DMSO (Compound #43 solvent), Compound #43 or Compound
#68 1n the presence of ATP. The activated Insr proteins were detected by Western blot analysis
of phosphorylated Insrf3 at Y1146, 1150 and 1151. Different alphabetic letters 1n the bar graph
mean statistically significant changes occurred between those groups.

[0059] Fig. 28. Reduced blood glucose levels in STZ-induced T1D mice after acute

treatment of Compound #43. STZ-induced T1D mice with unfasted blood glucose levels
between 500-550 mg/dL were fasted overnight, and 1injected intraperitoneally with Compound
#43 at a dose of 5.4 mg/kg body weight or with physiological saline containing 2% DMSO
(Compound #43 stock solvent, referred to as Control group) for 1, 2 and 3 hours. Mice were
then subjected to blood glucose measurement. P values were derived by comparing Compound

#43 treatments to the control/saline group at each time point.
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DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS

Definitions

[0060] Definitions of specific functional groups and chemical terms are described 1n
more detail below. For purposes of this disclosure, chemical elements are 1dentified in
accordance with the Periodic Table of the Elements, CAS version, Handbook of Chemistry and
Physics, 75th Ed., inside cover, and specific functional groups are generally defined as described
therein. Additionally, general principles of organic chemistry, as well as specific functional
moieties and reactivity, are described in Organic Chemistry, Thomas Sorrell, University Science
Books, Sausalito: 1999, the entire contents of which are incorporated herein by reference.

[0061] The singular forms “a”, “an”, and “the,” as used herein and 1n the claims, include
the plural reference unless the context clearly indicates otherwise. Thus, for example, a
reference to “a compound” includes a plurality of such compounds.

[0062] About: The term “about”, when used herein 1n reference to a value, refers to a
value that 1s similar, 1n context to the referenced value. In general, those skilled in the art,
familiar with the context, will appreciate the relevant degree of variance encompassed by
“about” 1n that context. For example, in some embodiments, the term “about” may encompass a
range of values that within 25%, 20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%,
9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, or less of the referred value.

[0063] Administration: As used herein, the term “administration” typically refers to the
administration of a composition to a subject or system. Those of ordinary skill in the art will be
aware of a variety of routes that may, in appropriate circumstances, be utilized for administration
to a subject, for example a human. For example, in some embodiments, administration may be
ocular, oral, parenteral, topical, etc.. In some particular embodiments, administration may be
bronchial (e.g., by bronchial instillation), buccal, dermal (which may be or comprise, for
example, one or more of topical to the dermis, intradermal, interdermal, transdermal, etc.),
enteral, intra-arterial, intradermal, intragastric, intramedullary, intramuscular, intranasal,
intraperitoneal, intrathecal, intravenous, intraventricular, within a specific organ (e. g.
intrahepatic), mucosal, nasal, oral, rectal, subcutaneous, sublingual, topical, tracheal (e.g., by
intratracheal instillation), vaginal, vitreal, etc. In some embodiments, administration may involve

dosing that 1s intermittent (e.g., a plurality of doses separated 1n time) and/or periodic (e.g.,
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individual doses separated by a common period of time) dosing. In some embodiments,
administration may involve continuous dosing (e.g., perfusion) for at least a selected period of
time.

[0064] Alzheimer's disease: As used herein, the term "Alzheimer's disease", or “AD”,
refers to a progressive disease of the human central nervous system. Brain insulin signaling 1s
important for learning and memory, and 1nsulin resistance in the brain 1s a major risk factor for
AD. The restoration of insulin signaling has emerged as a potential therapy for AD (White MF,
Science 2003; 302:1710—1; De Felice DG et al, Alzheimer’s & Dementia 2014; 10: S26—S32). In
certain embodiments, 1t 1s manifested by dementia typically 1n the elderly, by disorientation, loss
of memory, difficulty with language, calculation, or visual-spatial skills, and by psychiatric
manifestations. In certain embodiments, 1t 1s associated with degenerating neurons in several
regions of the brain. The term "dementia" as used herein includes, but 1s not restricted to,
Alzheimer's dementia with or without psychotic symptoms. In certain embodiment, the
therapeutic methods provided herein are effective for the treatment of mild, moderate and severe
Alzheimer's disease 1n a subject. Phases of Alzheimer's further include "moderately severe
cognitive decline," also referred to as "moderate or mid-stage Alzheimer's disease," "severe
cognitive decline," also referred to as "moderately severe or mid-stage Alzheimer's disease," and
"very severe cognitive decline," also referred to as "severe or late-stage Alzheimer's disease.”
Moderately severe cognitive decline 1s characterized by major gaps in memory and deficits in
cognitive function emerge. At this stage, some assistance with day-to-day activities becomes
essential. In severe cognitive decline, memory difficulties continue to worsen, significant
personality changes may emerge and affected individuals need extensive help with customary
daily activities. Late stage Alzheimer's disease or very severe cognitive decline 1s the final stage
of the disease when individuals lose the ability to respond to their environment, the ability to
speak and, ultimately, the ability to control movement.

[0065] Biologically activity: As used herein, the term “Biologically activity” refers to an
observable biological effect or result achieved by an agent or entity of interest. For example, in
some embodiments, a specific binding interaction 1s a biological activity. In some embodiments,

modulation (e.g., induction, enhancement, or inhibition) of a biological pathway or event 1s a

biological activity. In some embodiments, presence or extent of a biological activity 1s assessed
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through detection of a direct or indirect product produced by a biological pathway or event of
interest.

[0066] Combination therapy: As used herein, the term “combination therapy” refers to
those situations 1n which a subject 1s simultaneously exposed to two or more therapeutic
regimens (e.g., two or more therapeutic agents). In some embodiments, the two or more
regimens may be administered simultaneously; in some embodiments, such regimens may be
administered sequentially (e.g., all “doses” of a first regimen are administered prior to
administration of any doses of a second regimen); in some embodiments, such agents are
administered 1n overlapping dosing regimens. In some embodiments, “administration” of
combination therapy may involve administration of one or more agents or modalities to a subject
recerving the other agents or modalities in the combination. For clarity, combination therapy
does not require <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>