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COMPOUND FOR ACTIVATING AMPK AND USES THEREOF

Technical Field

The present disclosure relates to adenine which is useful to act ivate5

AMPK (AMP-act iva ted protein kinase) and the use of the compound in the

prevent ion or t reatment of condi t ions or disease.

Background

10

AMPK is a cel lular energy sensor and a responder to energy demand.

AMPK is  a  heterotr imer composed of  catalyt ic  α subuni t  and regulatory β,  γ  

subuni ts . Al l these subuni ts are highly conserved in eukaryotes . The act ivat ion

of AMPK is through phosphorylat ion on the conserved 172 t h - threonine residue

of α subuni t  by ups tream kinases  such  as  LKB1,  Ca2+/Calmodulin dependent  15

kinase, and TAK1. High AMP/ATP rat io caused by physiological or

pathological s t ress act ivates AMPK. Upon act ivat ion, AMPK act ivates

catabol ic pathway and inhibits anabol ism which in term restores cel lular

energy balance by decreasing ATP consumption and promoting ATP

generat ion.20

As a regulator of energy homeostasis , AMPK has been suggested to be a

potent ial drug target for metabol ic syndromes including type II diabetes ,

cardio-vascular disease, and fat ty l iver disease. Many of the metabol ic

syndromes are l inked to insul in resis tance. Insul in resis tance is a pathological

condi t ion in which cel ls fai l to respond to insul in thus excess glucose in the25

blood stream cannot be removed into skeletal muscle or fat t issue. The

act ivat ion of AMPK increases protein level of GLUT4, a glucose transporter ,

via t ranscript ional regulat ion and induces GLUT4 translocat ion to the plasma

membrane in muscle cel ls in an insul in independent manner resul t ing in

increases in the ra te of cel lular glucose uptake. Act ivat ion of AMPK also30
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inhibi ts fat ty acids and cholesterol synthesis via suppressing acetyl-CoA

carboxylase and HMG-CoA reductase, respect ively. In addi t ion, act ivat ion of

AMPK leads to inhibit ion of several t ranscript ion factors , including SREBP-

1c, ChREBP and HNF-4a, and down-regulates the expression of enz ymes which

are mainly involved in fat ty acid synthesis and gluconeogenesis . These5

f indings support the idea that AMPK is a target of choice in the treatment of

metabol ic syndrome, in part icular , diabetes .

In addi t ion to the regulat ion of energy homeostasis , AMPK has been

implicated in modulat ing several cel lular mechanisms including inflammation,

cel l growth, apoptosis , autophagy, senescense and dif ferent iat ion. Extensive10

s tudies demonstrate AMPK is a repressor of inflammation. Act ivat ion of

AMPK can  inhibi t  inf lammation via  suppressing NF-κB signal ing.  NF-κB 

s ignal ing is the principle pathway that act ivates innate and adapt ive immunity.

The act ivat ion of  AMPK can inhibits  NF-κB t ranscript ional  act ivi ty indirect ly 

via st imulat ing SIRT1, Forkhead box O (FoxO) fami ly or peroxisome15

prol i ferator -act ivated receptor  co-act ivator  1α (PGC1α).  Several  groups also 

demonstrate that act ivat ion of AMPK suppresses pro tein expression of

cyclooxygenase-2 (COX-2). COX-2 is an inducible enz yme which control led by

pro-inflammatory cytokines and growth factors . COX-2 converts arachidonic

acid into prostaglandin which resul ts in inflammation and pain. Inhibi t ion of20

COX-2 act ivi ty or expression has been l inked to ant i - inf lammation.

Several AMPK act ivators have been demonstrated to possess ant i -

inf lammatory funct ion in vivo. For example, 5-aminoimidazole-4-carboxamide

ribonucleoside (AICAR) has been shown to ameliorate acute and relapsing

col i t is mouse model induced by 2,4,6-t r init robenzene sulfonic acid (TNBS) or25

dextran sulfate sodium. AICAR treated mice showed reduced body weight loss

and signif icant at tenuat ion of inflammation. AICAR also showed therapeut ic

effects in t reat ing experimental auto immune encephalomyel i t is (EAE), an

animal model of multiple sclerosis and decreases severi ty of LPS-induced lung

injury in mice.30
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Dysregulat ion of cel lular s ignal ing pathway can lead to abnormal cel l

growth and ul t imately, cancer . The mammalian target of rapamycin (mTOR) is

a serine/ threonine kinase which regulates cel l prol i ferat ion and autophagy. The

act ivi ty of mTOR signal ing pathway is dys-regulated in many dif ferent cancers

and therefore mTOR inhibi tors are considered as potent ial drugs for cancer5

therapy. There are extensive studies demonstrate that AMPK phosphorylates

tuberous sclerosis complex 2 (TSC2) and Raptor to inhibi t mTOR pathway. A

variety of AMPK act ivators including AICAR, metformin, phenformin has also

been demonstrated suppressed mTOR signal ing and inhibited cancer cel l

growth. In addi t ion, act ivat ion of AMPK induces autophagy via suppressing10

mTORC1 act ivi ty. Due to the inhibit ion of mTORC1 by AMPK,

phosphorylat ion of Ulk1 on Ser7 5 7 i s decreased and subsequent ly Ulk1 can be

phosphorylated by AMPK on Ser3 1 7 and Ser7 7 7 . The AMPK-phosphorylated

Ulk1 is act ive and then ini t iates autophagy.

Base on above ment ioned, AMPK has been suggested as a good target in15

many human diseases or pathologica l condi t ions including inflammatory

disease, wound heal ing, neurodegenerat ion, cancer , ox idat ive st ress and

cardiovascular disease. In fact , AMPK act ivators have been appl ied for cl inical

t r ials in at least 24 disease categories including bacterial and fungal diseases ,

behaviors and menta l disorders , blood and lymph condi t ions , cancers and other20

Neoplasms, digest ive system diseases , diseases and abnormal i t ies at or before

bir th , ear , nose, and throat diseases , eye diseases , gland and hormone related

diseases , heart and blood diseases , immune system diseases , mouth and tooth

diseases , muscle, bone, and cart i lage diseases , nervous system diseases ,

nutr i t ional and metabol ic diseases , occupat ional diseases , parasi t ic diseases ,25

respiratory tract diseases , skin and connect ive t issue diseases , wound heal ing

and so on.

Summary

30
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The present disclosure provides a novel AMPK act ivator , adenine, and a

use of the compound for prevent ing or t reat ing diseases .

The present disclosure provides a compound for act ivat ing AMPK, which

is adenine and/or the pharmaceut ical l y acceptable sal ts thereof .

The above compound treats diseases or condi t ions suscept ible to5

ameliorat ion by AMPK act ivators , wherein the adenine and/or the

pharmaceut ical l y acceptable sal ts thereof is adminis t rated to a mammal in need

of such treatment .

The above compound reduces pro-inflammatory cytokines secret ion and

COX-2 expression in a cel l and thereby t reat inflammatory condi t ions or10

diseases , wherein the adenine and/or the pharmaceut ical ly acceptable sal ts

thereof is adminis t rated to a mammal in need of such t reatment .

The above compound increases glucose uptake into a cel l and thereby

prevent or t reat a condi t ion or a disease selected from the group consis t ing of

pre-diabetes , t ype 2 diabetes , metabol ic syndrome, wherein the adenine and/or15

the pharmaceut ical ly acceptable sal ts thereof is adminis t rated to a mammal in

need of such t reatment .

The above compound decreases plasma tr iglyceride in mammals and

decreases body weight and thereby prevent or t reat a condi t ion of obesi ty,

wherein the adenine and/or the pharmaceut ical l y acceptable sal ts thereof i s20

administ rated to a mammal in need of such treatment .

The above compound inhibi ts  amyloid β  pept ide accumulat ion in  a  cel l  and  

thereby prevent or t reat Alzheimer 's disease, wherein the adenine and/or the

pharmaceut ical l y acceptable sal ts thereof is adminis t rated to a mammal in need

of such treatment .25

The above compound enhances autophagy act ivi ty in a cel l and therapy

treat diseases or condi t ions suscept ible to amel iorat ion by autophagy, wherein

the adenine and/or the pharmaceut ical ly acceptable sal ts thereof is

administ rated to a mammal in need of such treatment .

The above compound suppresses fibroblast prol i ferat ion and thereby30
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prevent scar format ion during wound heal ing, wherein the adenine and/or the

pharmaceut ical l y acceptable sal ts thereof is adminis t rated to a mammal in need

of such treatment .

The above compound enhances wound heal ing, wherein the adenine and/or

the pharmaceut ical ly acceptable sal ts thereof is adminis t rated to a mammal in5

need of such t reatment .

The above compound inhibi ts ROS product ion in a cel l and thereby protect

and treat cel ls from ROS injury in mammal , wherein the adenine and/or the

pharmaceut ical l y acceptable sal ts thereof is adminis t rated to a mammal in need

of such treatment .10

The above compound inhibi ts cancer cel ls prol i ferat ion and thereby

prevent or t reat cancer , wherein the adenine and/or the pharmaceut ical ly

acceptable sal ts thereof is adminis t rated to a mammal in need of such

treatment .

The present disclosure provides the above compound for the use of15

manufacturing a medicament for t reat ing diseases or condi t ions suscept ible to

amel iorat ion by AMPK act ivators .

The present disclosure provides the above compound for the use of

manufacturing a medicament for t reat ing inflammatory condi t ions or diseases .

The present disclosure provides the above compound for the use of20

manufacturing a medicament for prevent ing or t reat ing a condi t ion or a disease

selected from the group consis t ing of pre-diabetes , t ype 2 diabetes , metabol ic

syndrome and a combinat ion thereof .

The present disclosure provides the above compound for the use of

manufacturing a medicament for prevent ing or t reat ing a condi t ion or a disease25

selected from the group consis t ing of pre-diabetes , t ype 2 diabetes , metabol ic

syndrome and a combinat ion thereof .

The present disclosure provides the above compound for the use of

manufacturing a medicament for prevent ing or t reat ing Alzheimer 's disease.

The present disclosure provides the above compound for the use of30
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manufacturing a medicament for t reat ing diseases or condi t ions suscept ible to

amel iorat ion by autophagy.

The present disclosure provides the above compound for the use of

manufacturing a medicament for prevent ing scar format ion during wound

heal ing.5

The present disclosure provides the above compound for the use of

manufacturing a medicament for protect ing and treat ing cel l s from ROS injury.

The present disclosure provides the above compound for the use of

manufacturing a medicament for prevent ing or t reat ing cancer .

Base on above ment ioned, according to one embodiment of the present10

disclosure there is provided a novel AMPK act ivator , adenine, for act ivat ing

AMPK in cel ls and thereby prevent or t reat condi t ions or diseases which can

be ameliorated by AMPK in a mammal .

According to one embodiment of the present disclosure there is provided a

method for reducing blood glucose via act ivat ing AMPK in a cel l and thereby15

prevent or t reat d iseases including metabol ic syndrome, type 2 diabetes ,

insul in resis tance, wherein an effect ive amount of adenine and/or the

pharmaceut ical l y acceptable sal ts thereof is adminis t rated to a mammal in need

of such treatment .

According to one embodiment of the present disclosure there is provided a20

method for ant i - inf lammation via act iva t ing AMPK in a cel l and thereby treat

inflammatory condi t ion or disease, wherein an effect ive amount of adenine

and/or the pharmaceut ical ly acceptable sal ts thereof is administ rated to a

mammal in need of such treatment .

According to one embodiment of the present disclosure there is provided a25

method for suppressing fibroblast prol i ferat ion via act ivat ing AMPK and

thereby prevent scar format ion during wound heal ing.

According to one embodiment of the present disclosure there is provided a

method to enhance wound heal ing, wherein an effect ive amount of adenine

and/or the pharmaceut ical ly acceptable sal ts thereof is administ rated to a30
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mammal in need of such treatment .

According to one embodiment of the present disclosure there is provided a

method to inhibi t ROS product ion in a cel l and thereby protect and treat cel ls

from ROS injury in mammal , wherein an effect ive amount of adenine and/or

the pharmaceut ical ly acceptable sal ts thereof is adminis t rated to a mammal in5

need of such t reatment .

According to one embodiment of the present disclosure there is provided a

method to inhibi t cancer cel ls prol i ferat ion and thereby prevent or t reat cancer ,

wherein an effect ive amount of adenine and/or the pharmaceut ical ly acceptable

sal ts thereof is administ rated to a mammal in need of such treatment .10

The present disclosure relates to adenine which is useful to act ivate

AMPK and the use of adenine in the prevent ion or t rea tment of diseases ,

including pre-diabetes , insul in resis tance, t ype 2 diabetes , metabol ic

syndrome, obesi ty, inf lammation, wound heal ing, Alzheimer’s disease, cancer ,

ox idat ive st ress and cardiovascular disease.15

Detai led Description

The inventors have discovered that adenine is a novel AMPK act ivator and

has various biological funct ions . In recent years , the act ivat ion of AMPK has20

been shown to be beneficial in the prevent ion and the treatment of diseases

such as pre-diabetes , insulin resis tance , type 2 diabetes , metabol ic syndrome,

obesi ty, inf lammation, Alzheimer 's disease, cancer , ox idat ive st ress and

cardiovascular disease as wel l as enhancing wound heal ing. The inventors

contemplate that such effects can be at t r ibuted to the act ivat ion of AMPK25

which resul t in but not l imited to the reduct ion of COX-2, ROS product ion and

increase of glucose uptake.

Contemplated Indicat ions

Base on the inventor’s f indings (see examples below), i t ’ s contemplated30
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that adenine can be used as a therapeut ic agent for var ious condi t ions or

diseases via act ivat ing AMPK. The fol lowing provides exemplary guidance and

evidence on contemplated indicat ions .

Adenine in the Treatment of Hyperglycemia, Pre-diabetes , Insul in resis tance,5

and Type 2 diabetes

It has recent ly been reported that AMPK act ivators including met formin,

A769662, AICAR reduced plasma glucose in diabet ic or obesi ty mice models .

In  the present  disclosure,  1  μM-600 μM of adenine s ignif icant ly increased  

glucose uptake of C2C12 muscle cel l s (Table 2) . To further evaluate the10

effects of adenine on the modulat ion of plasma glucose level , the high-fat diet -

fed mice were served as a type 2 diabetes animal model . Chronic t reatment of

high-fat diet - fed mice with adenine signif icant ly reduced plasma glucose by

more than 30% and decreased plasma tr iacylglycerides by more than 35%

compared to the control mice. A more- than-15% decrease in body weight was15

also observed (example 3). As used herein, “hyperglycemia” refers to

physiological condi t ion character ized by blood sugar higher than 126 mg/dL.

As used herein, “pre-diabetes” refers to a phys iological condi t ion

character ized by a fast ing blood sugar higher than 100 mg/dL but below than

140 mg/dL. As used herein, “insul in resis tance” refers to a physiologica l20

condi t ion in which whole body or t is sues including l iver , skeletal muscle,

adipose t issue fai l to response to insu l in . As used herein, “type 2 diabetes”

also refers to noninsulin-dependent diabetes mel l i tus (NIDDM) or adul t -onset

diabetes . It refers to a metabol ic disorder caused by insuff icient insul in

product ion or insul in resis tance which often manifested by a fast ing glucose25

higher than 140 mg/dL. According to the examples , adenine was found to

accelerate glucose uptake, therefore was suggested as a useful t reatment to the

condi t ions or diseases which associated with high blood glucose.

Adenine in the Treatment of Inflammation30
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Various AMPK act ivators have been demonstrated possess ant i -

inf lammatory funct ion in vivo . For example, dai ly t reatment of 5-

aminoimidazole-4-carboxamide ribonucleoside (AICAR) in 2,4,6-

t r init robenzene sulfonic acid (TNBS) or dextran sulfate sodium-treated mice

ameliorates acute and relapsing col i t i s by reduced body weight loss and5

s ignif icant at tenuat ion inflammation. Treatment of AICAR had therapeut ic

effects in experimental autoimmune encephalomyel i t is (EAE), an animal model

of mult iple sclerosis . Treatment of AICAR to mice decreased severi t y of LPS-

induced lung injury. In the present disclosure, adenine inhibited LPS-induced

inflammation in vi t ro: under LPS st imulat ion, the secre t ion level of pro-10

inf lammatory cytokines  including TNFα,  IL-1β and IL-6 were s ignif icant ly 

reduced in adenine treated macrophages compared to control cel ls . Adenine

also decreased COX-2 expression which was induced by LPS in human

macrophages (example 4). In TNBS-induced inflammatory bowel disease ( IBD)

mice model chronic t reatment with adenine signif icant ly reduced pro-15

inf lammatory cytokines  including TNF,  INFγ and IL-17 in  colon compare to  

control mice and rescued body weight loss in these mice (example 5).

As used herein, “pro-inflammatory cytokines” refers to cytokines which

promote systemic inflammation. “Inflammatory diseases” used herein refers to

diseases associate with inflammation including but not l imited to ankylosing20

spondyl i t is , ar thri t i s (osteoarthri t i s , rheumatoid arthri t i s , psoriat ic arthri t i s ) ,

as thma, atherosclerosis , Crohn's disease, col i t is , dermat i t is , divert icul i t i s ,

f ibromyalgia, hepat i t is , i r r i table bowel syndrome, systemic lupus

erythematous, nephri t is , Alzheimer 's disease, Parkinson 's disease and

ulcerat ive col i t i s . Recent ly, several reports demonstrate that AMPK is an25

upstream regulator of COX-2 and suppresses COX-2 prote in expression. The

same with previous findings, the inventors found that a novel AMPK act ivator ,

adenine can also suppress COX-2 expression which suggest adenine may be a

useful compound to inhibi t COX-2 mediated inflammation. According to the

present disclosure, adenine was found to be able to inhibit inf lammation,30
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therefore was suggested as a useful t reatment to the condi t ions or diseases

which associated with inflammation.

Adenine in Wound Heal ing and Scar Format ion

AMPK has been suggested to promote cel l mot i l i ty and enhance wound5

heal ing in cul tured cel ls . An AMPK act ivator , resverat rol , has been found to

enhance incis ional wound heal ing. In addi t ion to closing the wound, reducing

scar format ion during the heal ing process has been a preferred goal in modern

medicament . Neonatal wound heal ing, unl ike adul t wound heal ing, does not

accompany scar format ion. The difference is in Cox-2 act ivat ion. In adul t10

wound heal ing, COX-2 act ivi ty wil l be elevated (by TGF-beta) , resul t ing in the

increased product ion of prostaglandin at wound si tes . Prostaglandin promotes

fibroblast growth and col lagen format ion, two factors that lead to scar

format ion. Hence, inhibi t ion of COX-2 act ivi t ies has been considered as

effect ive treatment in prevent ing scar format ion. In the present disclosure,15

adenine inhibi ted human fibroblast cel l growth (example 8) and reduce COX-2

expression. Using animal model , topical t reatment of adenine at wound si te

enhanced not only wound closure but a lso reduced scar format ion (example 9).

According to above data, topical adminis t rat ion of adenine is useful to enhance

would heal ing and prevent scar format ion.20

Neurodegenerat ion

Defects in several different cel lular mechanisms has been l inked to

neurodegenerat ion, including inflammation, int racel lular t raf f icking, and

autophagy. Autophagy funct ions to remove dysfunct ional organel les or protein25

aggregates in the cel l and play a crucial part in maintaining cel lular

homeostasis . Pathogenesis of many neurodegenerat ive diseases involves the

presence of intracel lular or extracel lular protein aggregate deposi ts . Removal

of these protein aggregates has been shown to ameliorate the progression of

these diseases . Impaired autophagy pathway or removal of proteins responsible30
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for autophagy has been l inked to neurodegenerat ion. AMPK act ivat ion has

been shown to faci l i tate autophagy pathway. Therefore, promotion of

autophagy pathways via act ivat ion of AMPK may be a useful s t rategy to

prevent or control neurodegenerat ion. AMPK act ivators have been shown to

decrease amyloid deposi t ion via autophagy pathway. Dai ly resveratro l5

administ rat ion increases l i fe span in Alzheimer 's disease (AD) mice models .

Another AMPK act ivator , curcumin, has also been demonstrated as a potent ial

drug for AD therapy. In the present disclosure, the inventors found that

adenine s ignif icant ly enhanced autophagy act ivi ty and reduced  Aβ 

accumulat ion in a dose-dependent manner in Neuro2A cel ls and improved10

cogni t ive funct ion in AD mice model (example 6 and 7). According to these

findings, adenine can be useful in the treatment of neurodegenerat ive diseases .

As used herein, “neurodegenerat ion” refers to the condi t ion which is

progressive loss of s t ructure or funct ion of neurons. Neurodegenerat ive disease

is a resul t of neurodegenerat ive processes including Alzheimer 's disease,15

Parkinson 's disease (PD), Hunt ington 's disease (HD), amyotrophic lateral

sclerosis (ALS), Spinocerebel lar atax ia (SCA), Spinal muscular at rophy

(SMA), etc.

ROS Associated Diseases20

React ive oxygen species (ROS) including superoxide radicals , hydroxyl

redical and hydrogen peroxide are cont inuously produced in t issues . A variety

of diseases have been associated with excessive ROS including NARP

(neurogenic muscle weakness , atax ia and ret ini t is pigmentosa) , MELAS

(mitochondrial encephalomyopathy, lact ic acidosis , and stroke-l ike episodes) ,25

MERRF (myoclonic epi lepsy and ragged-red fibers) , LHON (Leber heredi tary

opt ic neuropathy) , and KSS (Kearns-Sayre syndrome, ophthalmoplegia, ataxia,

ret ini t is pigmentosa, cardiac conduct ion defect and elevated cerebrospinal

f luid protein) , Parkinson disease (PD), Alzheimer 's disease (AD), amyotrophic

lateral sclerosis (ALS), Hunt ington 's disease (HD), and Friedreich 's atax ia30
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(FA) and aging. Numerous reports demonstrate that AMPK act ivator , AICAR,

reduced ROS product ion under high-glucose, palmitate or albumin induct ion.

In the present disclosure, adenine was found to reduce ROS product ion in a

dose-dependent manner in HUVEC cel l (Table 6) , therefore was suggested as a

useful t reatment to the condi t ions or diseases which associated with ROS.5

Cancer

Act ivat ion of AMPK suppressed COX-2 and mTOR pathways which are

important mechanisms of cancer cel ls growth. Due to the contr ibut ion of

mTOR and COX-2 to cancer aggressiveness , act ivat ion of AMPK is suggested10

as a rat ional s t rategy for cancer therapy. Indeed numerous reports have

demonstrated that AMPK act ivators interrupt cancer progression. For example,

phenformin and metformin have been found to inhibit breast tumor

development and growth in xenografts mice models . In the present disclosure,

adenine was found to inhibit prol i ferat ion of human hepatocel lular carcinoma15

cel l l ine Hep G2, human breast adenocarcinoma cel l l ine MCF7 and human

colon adenocarcinoma grade II cel l l ine HT29 (example 11). The IC50 of

adenine for  HepG2,  MCF7 and HT29 were  544.1,  537.5 and 531.9 μM, 

respect ively. In HepG2 transplanted mice, chronic t reatment with adenine

signif icant ly delayed tumor growth in dose-dependent manner. According to20

present disclosure, the treatment with adenine to act ivate AMPK act ivi ty may

prevent or control cancer development and progression.

Example

Many examples have been used to i l lus t rate the present disclosure. The25

examples below should not be taken as a l imit to the scope of the disclosure.

Example 1

AMPK act ivat ion assay

Effects of adenine on AMPK act ivat ion were evaluated based on the30
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phosphorylat ion of AMPK protein upon adenine treatment . Mouse muscle cel l

C2C12, mouse fibroblast 3T3, human l iver carcinoma cel l Hep G2, human

umbil ical vein endothel ial cel l HUVEC, Human acute monocyt ic leukemia cel l

THP1, human macrophage cel l U937, murine microgl ia cel l BV-2, and mouse

neuroblastoma cel l Neuro2A were cul tured in high-glucose Dulbecco 's5

modified Eagle 's medium (DMEM) conta ining 10% fetal bovine serum (FBS), 4

mM L-glutamine, 2 mM sodium pyruvate and 1% penici l l in/s t reptomycin

(Invi t rogen GibcoBRL, Carlsbad, Cal i f . , USA) at 37°C, under 5% CO2 . Cel ls

were plated at 3×10 5 per wel l in 6-wel l plates . Twenty-four hours after plat ing,

adenine was added to the cul ture media as indicated. After 30 min cel ls were10

lysed and subject to western blot analys is . Equal amount of protein from each

sample was separated by SDS-PAGE and then electroblot ted on to PVDF

membranes. Membranes were blocked with 3% BSA in PBS for 60 min and

incubated with an ant i -phospho-AMPK (Thr172) ant ibody (1:2,000, Cel l

s ignal ing) or an ant i -AMPK antibody (1:2,000, Cell s ignal ing) at 4°C for 16 h15

fol lowed by the corresponding secondary ant ibody for 1 h at room temperature

(RT). Immunoreact ive bands were detected by enhanced chemiluminescence

and recorded using Kodak fi lm. The detected signals were scanned and then

quant i f ied using TotalLab Quant software (TotalLab).

The effect of adenine on AMPK act ivat ion is summarized in Table 1.20

Adenine signif icant ly act ivated AMPK in al l tes ted cel ls .

Table 1

Cel ls
Concentrat ion of adenine

(microM)
AMPK act ivat ion (fold

to control)

C2C12 1 1.2

10 1.7

100 3.2

200 3.9

600 4.1

3T3 1 1.1
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10 1.5

100 2.9

200 4.0

600 4.2

Hep G2 1 1.1

10 2.1

100 3.3

200 3.8

600 4.2

MCF7 1 1.2

10 1.6

100 2.5

200 3.4

600 3.7

HT29 1 1.1

10 1.7

100 2.9

200 3.4

600 3.8

HUVEC 1 1.2

10 1.9

100 3.2

200 3.9

600 4.1

THP1 1 1.2

10 2.2

100 3.7

200 4.3

600 4.2

U937 1 1.1

10 1.3

100 2.9

200 3.7

600 4.0

BV-2 1 1.2

10 1.7

40 2.6
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160 3.2

Neuro2A 1 1.2

10 2.1

100 3.4

Dermal Papi l la 1 1.1

10 1.4

100 2.1

200 2.5

600 2.8

Example 2

Glucose uptake in vi tro

Effects of adenine on glucose uptake were analyzed by measuring the

uptake of f luorescent glucose analog (2-NBDG, Molecular Probes) in muscle5

cel l C2C12. C2C12 cel ls were treated with indicated concentrat ions of adenine

for  30 min at  37°C,  and then  incubated with 500 μM of f luorescent  glucose  

analog. After 5 min incubat ion at room temperature, cel ls were washed three

t imes with Kreb-Hepes buffered solut ion and fixed in 70% alcohol . The

fluorescence of glucose analog in cel ls was measured using a Fluorescence10

Microplate Reader Sys tem.

The effect of adenine on glucose uptake is summarized in Table 2.

Adenine signif icant ly st imulated glucose uptake in C2C12 cel ls in dose-

dependent manner. Data are presented as the mean±SEM of three independent

experiments .15

Table 2

Agent
Concentrat ion

(microM)
Glucose uptake (% to

control)

Adenine 1 117±8.1

10 261±13.4

100 315±11.9

600 338±16.5
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Example 3

Anti -diabet ic ef fect s of adenine

To further evaluate the effects of adenine on the modulat ion of plasma

glucose level , the high-fat diet -fed mice were served as a type 2 diabetes

animal model . C57BL/6J mice were maintained at 22°C under a 12-h l ight /dark5

cycle and fed ei ther a high fat diet (60% kcal% fat) or a normal diet ad

l ibi tum. Int raperi toneal inject ions of adenine (0.1 to 50 mg/kg) or vehicle were

given to the high-fat diet -fed mice from the age of 24 weeks and glucose

readings were measure at 1 and 3 hr. IP adminis t rat ion of adenine or vehicle

only to the high-fat diet -fed mice cont inued twice a day for 6 days. On day 6,10

plasma was col lected 1 hr after the las t dosing for analyzing, evaluat ing,

measuring plasma glucose and tr iglycerides .

Adenine-injected group showed >30% lower plasma glucose and more than

35% lower plasma tr iacylglycerides as wel l as more than 15% lower body

weight compare to the control group.15

Example 4

Adenine suppressed inflammatory response induced by LPS in vit ro

Effects of adenine on inflammatory response were evaluated in human

THP1 macrophage by examining protein level of int racel lular COX-2 and20

secreted TNFα,  IL-1β and IL-6.  Dif ferent iat ion of  THP1 monocytes  into 

macrophages was induced by 50 nM PMA for 24 hr. THP1 macrophages were

further  s t imulated by 50 ng LPS for  6  hr  in  the presence of  10-600 μM of  

adenine or vehicle followed by cel l lys is and western blot analysis . Equal

amounts of protein were separated by SDS-PAGE and then electroblot ted on to25

PVDF membranes. Membranes were blocked with 3% BSA in PBS for 60 min

and incubated with an ant i -COX-2 ant ibody (1:1,000, Cel l s ignal ing) , an ant i -

act in ant ibody (1:5 ,000, Cel l s ignal ing) at 4° C for 16 h fol lowed by the

corresponding secondary ant ibody for 1 h at room temperature (RT).

Immunoreact ive bands were detected by enhanced chemiluminescence and30
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recorded using Kodak fi lm. The detected signals were scanned and then

quant i f ied using TotalLab Quant  software (TotalLab).  The secreted TNFα,  IL-

1β and IL-6 were analyzed by enz yme-l inked immunosorbent  assays .   

The effect of adenine on immune response is summarized in Table 3. The

expression of  COX-2 and secret ion level  of  TNFα,  IL-1β and IL-6 were  5

s ignif icant ly reduced in adenine treated macrophages compared with control

cel ls .

Table 3

Adenine
(microM)

TNFα 
(% to control)

IL-1β  
(% to

control)

IL-6
(% to control)

COX-2
(% to control)

0 100±4.7 100±11.3 100±8.5 100±2.9

10 85±9.1 91±8.4 88±6.3 81±4.4

100 41±2.6 29±5.5 21±7.8 59±3.5

600 23±1.8 17±3.7 14±6.2 38±5.3

10

Example 5

Adenine suppressed 2,4,6-t r init robenzene sulfonic acid (TNBS) induced

inflammation in vivo

To further evaluate the effects of adenine on inflammatory response,

TNBS-induced inflammatory bowel d isease ( IBD) mice model was used.15

C57BL/6J mice were maintained at 22° C, under a 12-h light /dark cycle.

Relapsing col i t i s was induced with five escalat ing doses of TNBS, 0.5 mg,

0.75 mg, 1.0 mg, 1.25 mg, and 1.5 mg, in 50% ethanol were adminis tered

respect ively for 0.1 mL per mouse weekly. After the third adminis t rat ion of

TNBS, dai ly intraperi toneal inject ion of adenine (0.01, 0.1, 5 or 30 mg/kg20

body weight) or sa l ine were given to mice. Two days after the fi f th TNBS

administ rat ion, mice were sacri f iced. The inflammatory cytokines including

TNF, INFγ and IL-17 from colonic l ysates  were evaluated  by enzyme-l inked 

immunosorbent assays .
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The level  of  TNF,  INFγ and IL-17 were  signi f icant ly reduced in  colon of  

adenine treated mice in dose-dependent manner compared with non-adenine

treated mice. In addi t ion, t reatment of adenine also rescued the body weight

loss caused by TNBS.

5

Example 6

Amyloid β pept ide and autophagy assay 

Effects  of  adenine  on Amyloid β pept ide were analyzed in  mouse 

neuroblastoma cel l Neuro2A. Neuro2A cel ls were cul tured in high-glucose

Dulbecco 's modif ied Eagle 's medium (DMEM) containing 10% fetal bovine10

serum (FBS), 4 mM L-glutamine, 2 mM sodium pyruvate and 1%

penici l l in/s t reptomycin (Invi t rogen GibcoBRL, Carlsbad, Cal i f . , USA) at 37°C

under 5% CO2 . Cel ls were plated at 3×105 per wel l (6-wel l plate) . 24 h after

plat ing, cel ls were t ransfected with human APP695 and treated with indicated

concentrat ion of adenine for 24 h fol lowed by cel l l ys is and western blot15

analysis . Equal amounts of protein were separated by SDS-PAGE and then

electroblot ted on to PVDF membranes. Membranes were blocked with 3% BSA

in  PBS for  60 min and incubated  with an ant i -Aβ ant ibody (1:1,000,  abcam),  an  

ant i -LC3 ant ibody (1:1,000, Cel l s ignal ing) , and an ant i -act in ant ibody

(1:5,000, Cel l s ignal ing) at 4°C for 16 h fol lowed by the corresponding20

secondary ant ibody for 1 h at room temperature (RT). Immunoreact ive bands

were detected by enhanced chemiluminescence and recorded using Kodakfi lm.

The detected signals were scanned and then quant i f ied by using TotalLab

Quant software (TotalLab).

The effects  of  adenine on sAβ product ion and LC3- II/LC3-I rat io  are  25

summarized in  Table 4 .  Adenine s ignif icant ly reduced  Aβ amount  and  

increased LC3-II/LC3-I rat io in dose-dependent manner in Neuro2A cel ls .

Because the convers ion of LC3-I to LC3-II is indicat ive of autophagy act ivi ty,

the higher LC3-II/LC3-I rat io in adenine treated cel ls ref lects the abi l i ty of

adenine to induce autophagy act ivi ty.30
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Table 4

Adenine
(microM)

sAβ level   
(% of control )

LC3-II/LC3-I rat io
(relat ive to control )

0 100 ± 6.1 1.0 ± 0.1

10 89 ± 7.5 1.2 ± 0.1

20 63 ± 2.2 1.8 ± 0.3

30 48.1 ± 1.7 2.8 ± 0.2

40 31.7 ± 5.1 2.9 ± 0.2

50 29.4 ± 3.6 3.2 ± 0.3

Example 7

Adenine rescued  neurodegenerat ion of  Aβ-Induced Alzheimer 's  disease  model  5

mice

Aβ25-35 was purchased from Sigma-Aldrich (St .  Louis ,  Missouri ) .  The 

pept ides were dissolved in dist i l led sal ine and aggregated by incubat ion at

37°C for 7 days before inject ion. C57BL/6J mice were maintained at 22° C

under a 12-h l ight /dark cycle. Adul t mice were anesthet ized by ketamine (50010

mg/kg) and xylazine (100 mg/kg) and placed in a stereotax ic frame. Five nmol

of the aggregated Aβ25-35 were injected into the lateral  ventr icle  using a 10 μl  

Hamil ton syringe. The target anter ior-poster ior (AP), medial- lateral (ML) and

dorsoventral  coordinates  were −0.5 mm, ±1 mm and −2.5 mm relat ive to the 

bregma.  To evaluate the effect  of  adenine on neurodegenerat ive disease,  Aβ 15

infusion mice were dai ly intraperi toneal ly injected with 0.01, 0.1, 5 or 30

mg/kg bodyweight of adenine or vehic le for 4 weeks. The cogni t ive funct ions

of these mice were analyzed by using Morris water maze assay after 4 weeks

inject ion. The water maze was performed in a circular pool f i l led with water

and a plat form was submerged below the water 's surface in the target quadrant20

for hidden plat form test . During the 5-day hidden plat form test , mice were

randomly placed into star t ing points of the pool in each dai ly t r ial (6 t r ials per

day) . The probe tr ia l was performed 1 day after 5-day hidden plat form test . For
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the probe tr ial , the plat form used in the hidden plat form tes t was removed and

the star t ing point was in the quadrant opposi te the target quadrant . Mice were

al lowed to swim in the maze for 60 s and recorded by a video camera. The

latency to find the plat form and swim paths were analyzed by software.

In the hidden plat form test , adenine t reated AD mice took signif icant ly5

shorter t ime to find plat form in dose-dependent manner than control AD mice .

This resul t demonstrated adenine treatment rescued the impairments of special

learning and memory of AD mice. Further , adenine treated AD mice spent

higher percentage t ime in target quadrant in probe assay than control AD mice,

which indicated that adenine improve the retent ion of memory.10

Example 8

Adenine inhibi ted fibroblast prol i ferat ion

Human fibro blast cel l l ine 3T3 were cul tured in high-glucose Dulbecco 's

modif ied Eagle 's medium (DMEM) conta ining 10% fetal bovine serum (FBS), 415

mM L-glutamine, 2 mM sodium pyruvate and 1% penici l l in/s t reptomycin

(Invi t rogen GibcoBRL, Carlsbad, Cal i f . , USA) at 37°C under 5% CO2 . For cel l

prol i ferat ion assay, 3T3 cel ls were plated at 1×105 per wel l (6-wel l plate) .

Twenty-four hours after plat ing, cel ls were treated with indicated

concentrat ion of adenine for 72 h and the number of viable cel ls was counted.20

Cells were detached using trypsin-EDTA solut ion and stained with trypan blue.

The l iving cel ls were counted using hemocytometer .

The effects of adenine on 3T3 cel l pro l i ferat ion are summarized in Table

5. According to Table 5, adenine signif icant ly inhibi ted 3T3 cel l proli ferat ion

in dose-dependent manner. Data are presented as the mean±SEM of three25

independent experiments .

Table 5

Adenine
(microM)

Cel lnumber
(% to control)
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0 100±4.3

10 91±2.7

50 73±8.1

100 64±5.3

200 48±2.8

500 33±6.4

1000 27±11.3

Example 9

Adenine enhances wound heal ing and reduces scar format ion

C57BL/6J mice were maintained at 22°C under a 12-h l ight /dark cycle .

The experiments were performed with 12-week-old mice. After anesthet ized by5

an intraperi toneal inject ion of ketamine (500 mg/kg) and xylazine (100 mg/kg),

6-mm ful l - thickness excis ional skin wounds was made on the backs of mice

using 6-mm skin biopsy punches.  Immediately af ter  wounding,  10-1200 μM of  

adenine or sal ine alone was appl ied to the wound bed. The skin wounds were

then covered by semipermeable t ransparent dress ing and f ixed to the skin. The10

mice were treated with adenine or vehic le for 14 days and then sacri f iced. The

scar format ion is assessed by Masson 's t r ichrome staining ( the t issue was fixed

by 4% paraformaldehyde).

After 14 days of t reatment , the extent of closure was signif icant ly greater

in adenine treated mice in dose-dependent manner than in control mice.15

According to his tological examinat ion of the regenera ted t issue, topical

t reatment with adenine signif icant ly decreased the scar width compared to

vehicle t reated wounds.

Example 1020

Adenine reduced ROS product ion

Human umbilical vein endothel ial ce l ls (HUVECs) were cul tured in

Dulbecco 's modif ied Eagle 's medium (DMEM) containing 10% fetal bovine

serum (FBS), 4 mM L-glutamine, 2 mM sodium pyruvate and 1%
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penici l l in/s t reptomycin (Invi t rogen GibcoBRL, Carlsbad, Cal i f . , USA) at 37°C

under 5% CO2 . Cel ls were plated at 2×104 per wel l in black 96-wel l . Twenty-

four hours after plat ing, medium was changed to fresh DMEM containing ei ther

5.6 or 30 mM glucose and treated with indicated concent rat ion of adenine.

Twenty-four hours after t reatment , the intracel lular ROS was detected using5

H2DCF-DA. Cel ls  were  washed  once with PBS and  then incubated with 100  μM 

DCF at 37°C for 30 min. Then the fluorescence of DCF was measured using a

Fluorescence Microplate Reader System at 485-nm exci tat ion and 530-nm

emission wavelengths .

The effect of adenine on ROS product ion is summarized in Table 6.10

Adenine signif icant ly reduced hyperglycemia-induced ROS product ion in dose-

dependent manner.

Table 6

Adenine
(microM)

Glucose (mM)
ROS product ion

(% of 5.6 mM glucose)

0 30 275 ± 8.1

10 30 211 ± 4.3

100 30 116 ± 1.7

200 30 38.1 ± 2.9

600 30 21.7 ± 3.1

1200 30 22.4 ± 2.5

15

Example 11

Cancer cel l growth inhibit ion assay

Human liver hepatocel lular carcinoma cel l l ine Hep G2, human breas t

adenocarcinoma cel l l ine MCF7 and human colon adenocarcinoma grade II cel l

l ine HT29 were used to evaluate the effects of adenine on cel l prol i ferat ion.20

Those cel l l ines were obtained from ATCC and were cul tured in high-glucose

Dulbecco 's modif ied Eagle 's medium (DMEM) containing 10% fetal bovine

serum (FBS), 4 mM L-glutamine, 2 mM sodium pyruvate and 1%
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penici l l in/s t reptomycin (Invi t rogen GibcoBRL, Carlsbad, Cal i f . , USA) at 37°C

under 5% CO2 . Cel ls were plated at 1×105 per wel l (6-wel l plate) . Twenty-four

hours after plat ing, cel ls were treated with indicated concentrat ion of adenine

for 72 h and then fol lowed by cel l count ing. Cel ls were detached using trypsin-

EDTA solut ion and stained with trypan blue. The l iving cel ls were counted5

using hemocytometer .

The IC50 of adenine for HepG2, MCF7 and HT29 were 544.1, 537.5 and

531.9 μM, respect ively.  

Example 1210

Tumor growth assay

Human liver hepatocel lular carcinoma cel l l ine Hep G2 were cul tured in

high-glucose Dulbecco 's modif ied Eagle 's medium (DMEM) containing 10%

fetal bovine serum (FBS), 4 mM L-glutamine, 2 mM sodium pyruvate and 1%

penici l l in/s t reptomycin (Invi t rogen GibcoBRL, Carlsbad, Cal i f . , USA) at 37°C15

under 5% CO2 . For tumor implantat ion, 5×106 Hep G2 cel ls were injected

subcutaneously into 8-week-old male nonobese diabet ic-severe combined

immunodeficiency (NOD-SCID) mice. After implantat ion, the mice were dai ly

intraperi toneal ly injected with 5, 20 or 50 mg/kg body weight of adenine and

the tumor size was monitored every 3 days. The growth of tumor was20

s ignif icant ly retarded in adenine treated mice compared with control mice 14

days post implantat ion.

It should be apparent , however, to those ski l led in the art that many more

modif icat ions besides those already described are possible without depart ing25

from invent ive concepts herein. The embodiments are not intended to limit the

scope of the present disclosure. The scope of the present di sclosure is defined

only by the appended claims.



CLAIMS 

1. Use of a compound for the manufacture of a medicament for treatment of a disease or a condition 

susceptible to amelioration by AMP-activated protein kinase (AMPK) activators, characterized in 

that the compound is adenine and/or a pharmaceutically acceptable salt thereof, and the compound 

serves as a sole active ingredient for the treatment, 5 

wherein the disease or the condition is selected from the group consisting of an inflammatory 

condition or disease, pre-diabetes, type 2 diabetes, metabolic syndrome, obesity, Alzheimer’s disease, 

a neurodegenerative disease, scar formation during wound healing, wound, a disease or condition 

associated with excessive ROS, breast cancer, and a combination thereof, and 

wherein the inflammatory condition or disease is selected from the group consisting of 10 

ankylosing spondylitis, arthritis, asthma, atherosclerosis, inflammatory bowel disease, colitis, 

dermatitis, diverticulitis, fibromyalgia, hepatitis, irritable bowel syndrome, systemic lupus 

erythematous, nephritis, and a combination thereof, 

provided that if the disease or the condition is scar formation during wound healing, the 

medicament is to be used to prevent scar formation during wound healing, 15 

provided that if the disease or the condition is wound, the medicament is to be used to enhance 

wound healing, and 

provided that if the disease or the condition is the disease or condition associated with 

excessive ROS, the medicament is to be used to protect and treat cells from ROS injury in a mammal, 

and the disease or condition associated with excessive ROS is selected from the group consisting of20 

NARP (neurogenic muscle weakness, ataxia and retinitis pigmentosa), MELAS (mitochondrial 

encephalomyopathy, lactic acidosis, and stroke-like episodes), MERRF (myoclonic epilepsy and 

ragged-red fibers), LHON (Leber hereditary optic neuropathy), KSS (Kearns-Sayre syndrome), 

Parkinson’s disease, amyotrophic lateral sclerosis, Huntington’s disease, Friedreich’s ataxia, and a 

combination thereof. 25 

2. The use of claim 1, wherein the disease or the condition is the inflammatory condition or disease 

selected from the group consisting of ankylosing spondylitis, arthritis, asthma, atherosclerosis, 

inflammatory bowel disease, colitis, dermatitis, diverticulitis, fibromyalgia, hepatitis, irritable bowel 

syndrome, systemic lupus erythematous, nephritis, and a combination thereof. 30 

24



3. The use of claim 1, wherein the disease or the condition is pre-diabetes, type 2 diabetes, metabolic 

syndrome, or a combination thereof. 

4. The use of claim 1, wherein the disease or the condition is obesity. 5 

5. The use of claim 1, wherein the disease or the condition is Alzheimer’s disease. 

6. The use of claim 1, wherein the disease or the condition is the neurodegenerative disease. 

10 
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7. The use of claim 1, wherein the medicament is to be used to prevent scar formation during wound 

healing. 

8. The use of claim 1, wherein the medicament is to be used to enhance wound healing. 

5 

9. The use of claim 1, wherein the disease or condition is the disease or condition associated with 

excessive ROS, wherein the medicament is to be used to protect and treat cells from ROS injury in a 

mammal, and the disease or condition associated with excessive ROS is selected from the group 

consisting of NARP (neurogenic muscle weakness, ataxia and retinitis pigmentosa), MELAS 

(mitochondrial encephalomyopathy, lactic acidosis, and stroke-like episodes), MERRF (myoclonic 10 

epilepsy and ragged-red fibers), LHON (Leber hereditary optic neuropathy), KSS (Kearns-Sayre 

syndrome), Parkinson’s disease, Alzheimer’s disease, amyotrophic lateral sclerosis, Huntington’s 

disease, Friedreich’s ataxia, and a combination thereof. 

10. The use of claim 1, wherein the disease or the condition is breast cancer. 15 

25
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Abstract

The present disclosure discloses a compound for act ivat ing AMPK, which

is adenine and/or the pharmaceut ical ly acceptable sal ts thereof . The present

disclosure also disc loses the use of the compound. The compound is useful to

act ivate AMP-act ivated protein kinase (AMPK) and the compound is used in5

the prevent ion or t reatment of condi t ions or disease and thereby prevent or

t reat condi t ions or d iseases which can be ameliorated by AMPK in a mammal .


