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Abstract

vascular complications, is one of the main causes of human suffer across the globe, with no effective medicine up

Type 2 diabetes, an epidemic disorder characterized by high blood glucose level associated with micro-

to now. AMP-activated protein kinase ( AMPK), a highly conserved serine/threonine protein kinase, is a key
sensor and regulator of intracellular and whole-body energy metabolism. Small molecule AMPK direct activators
have been proven to lower blood-glucose, which is a promising candidate for the treatment of type 2 diabetes. The

progress on the research of small molecule AMPK direct activators in recent years is summarized in this paper.

Key words AMP-activated protein kinase; AMPK direct activators; structure-activity relationship; type 2 diabe-

tes; new target; advances

2 UM PRI L 2 N i S Y S A S
ik, SR HE LT IE LA SR B 20 2145 AL f) ke
FARYUHBE S B 200 JPe 1 28 70 Wb Dy e B ik, B Al
HUARRES ARG o B RG, IHR LFTiRy7 2
PR 9 25 10, QOBUAISRE (1 BUAIC) ik 1 JDk 2%
(FEBISEMK)  — KA JIK -4 ( DPP-4 ) 41 il 551 ( e A%
FITT) I B A ORI 5 ) 15 AL 3 1 y (PPARYy)
BN (RS SR ) oo B I 86 750 C B )
Ji s L 28 R k-1 ( GLP-1) & Bl (IR 5 ik ) 25
SR IR FAT BT 1) B A, (EURE P BE A 3 A IRl
Bl AR B K LR ILAE | H KA R
W PRI, SRR A TR TR DR I 1R PR A F

W EHE 2015-03-24

R AR Y BRI B, R
PRI AL 2R 1 8 ( AMPK) 78 40 Jfd S ILAA RE 14X
WPy TR E B OCE MR, A PR,
e PR TR 2 BOBEPRIE A — 2258, 4n —F XL
JICAE: o AT DL o 980 4t i AMPK, AT 046 2
Tkl A PR AL (acetyl-CoA carboxylase, ACC) Fll
BRI IR Ak 3 2 AR R B L R,
AMPK 5 4 i 1) AR sz 4% 7 A B RO IR T 2
RUBH RIS 1 3 — 8T 1 25 W0 I HE o AR SO
JUAE/NJr § AMPK 5 45 50 8l 7)1 F 5% 3o Joe i A

“BIE{EE  Tel:025 —83271302  E-mail; zhanghh80@ 163. com



55 46 55 4 1]

BUIRARAE /N T AMPK L HE M A (0 B 0 107

1 AMPK &4 5F %A

1.1 AMPK #4544 %5

AMPK & —Fp 5 J5 = AR 1, H e B2 LR ST Y
o B Ay 3 AMEEALLLH I o, o SEFA S R AL
VERT, B Ay JE 2007 F B R 5 1, AR
PEHRAEAE 2 ~ 3 Tl & PR B i B 1) S A AR (el o2,
BL,B2,vy1,¥2,v3) o ol TEANNEH ) ZAFTE, T o2
TR WL IEFE i L Fak i m s Bl EZE Rk
TR, M0 B2 WIFE B B MU Rk B R syl 2 Tz
FAE T AR ALZL, T 3 AUTE - #5 IL & 54
B o R AT 548 ANEUERR, i h 1 A2
TR/ I BRI i X 15, ( kinase domain,KD) .1 4~H
4] X 48, ( autoinhibitory domain, AID) | o-44 4 ( -

hook domain) A} 1 /> B W50 25 5 4 ( B-binding
domain) ZH ji; B X BN R I8 R 172
(Thr172) S5GA m N HLBRIR f %) AMPK 37 1 7 37
G FEREEMIEM . A ESE 1A
W 25 538 ( glycogen binding domain, GBD) il .y
WA ZE A 38 (o, y-binding domain) 28 Ji, 3= 22k
AR o SRR y B SCIRE T y SRR
MIdy 1A B RN Z5 5 B0RT 4 A AR E-B-5
( cystathionine-B-synthase , CBS) 53 15 5 42 > 51| 4 1,
FR T D] 45 B2 35 ( bateman domain ) 28 Ji% ; Hop,
CBS4 B ATP 5242 44, CBS1 .CBS3 AT LAZE & 1 4>
AMP (ADP & ATP,CBS2 [AI it/ S 1) K4 2 IR 5k
iz (B 1),

B-binding domain

o subunit  H,N —I Kinase domain iE

AID a-hook COOH

o-binding domain

B subunit H,N —| | GBD I COOH
v-binding
domain
y subunit H,N —I - CBS1 | CBS2 CBS3 | CBS4 |—COOH
B-binding \ /\ /
domain Bateman domain Bateman domain

BRI M8 (O (AMPK) WAL o By UG
1.2 AMPK & 6583

AMPK B2y —Fh i S 1 24 2 5 2 Rl
WA, O Pk R B2 AMP/ATP H (iR 5 1E
fuf 3 EEHLA ATP AR 8o /b 55 T FE 8 I s 4
LUEERAR TR R a8 A K DR T
AMPK, HHGE ALK — Bl A 3 Fhor X O B
YERI T AMPK, B #4305 AMPK; @5 AMPK %54
ZJEAE SR i AMPK 3 ( AMPKK) #Y R 47
S AR Thrl72 (@R AL TS AMPK ; @FEAIT
Thrl72 () B BRALRRE o EAh, AMPK 37T L)
B RS AMPK (5, Q0 22 4 1R/ 7 2 TR AR 1 U
B1 ( serine/threonine protein kinase B1,LKB1) %44k
AR T B (TGF-B) 1 AL B -1 ( TGF-B-activated
kinase 1, TAK1) . 4% & 17 1% Bl 184 B ( calmodulin-
dependent protein kinasekinases, CaMKK) B #2217 ,
EATHER W BB R b AMPKa WA B
Thrl72 Tii% AMPK (& 2) ", Hor  LKB1 B

i A Ry — R L, B eT DL B B R L
AMPKa ¥ B {7 I [ Thrl72 Tfij %4 3% AMPK!'';
TAKI1 )12 A & —Fh MAPKK-7 ({2 43 34 515 4k
T W ), FEAE AMPK 35 4658 6 BLAT i
FEA TRV AT 5 CaMKK 3 847 7E T 2 R 4L
FOXF Thel72 (BERR LA AMP ¥ B2 19 Tt = , T
S 3 R AN N S B TR T R Bl . A, 1E
SRS TN, AMPK b 7] DL g8 R HRPT R IR EX
RIS SGE . AR ST g AMPK /Ny
FEHBHES A 2SN o WAL Thel 72 (17 H
B e R AEE R
2 AMPK AEEEMIE XK B HIER
2.1 AMPK 72 4% ARt P 69 15 )

5 W R PR R P A7 P 2 B 1 2 s A
] R 5 4 1 8 BB TR R AR (L 3)
HT 751 785 ¥ A= 5 1 & (hepatic glucose production,



408 ‘? @ F# R # % #i& Journal of China Pharmaceutical University 2015,46(4) :406 —415

46 %

M anvp/aTp

\ STRAD \Z

O
Thr 172 l
ATP ADP | ©

Phosphatases

Pi H,0

B2 AMPK [#i5 5 :

HGP) J& 75 i ey IR 9 22N, HA BFFE R W,
25T e R 5 ZARBTIY 0b/0b /NI ST AMPK

W) AICAR (1) Bfsf AT AMPK S0 | bk 2
PG IE S22 3 3 40 ) HGP i e 8L . AMPK {2
T J5 ] 2L 2RO 4 7 R 1% e L 0 e A A
¥z B (GLUT) [o] 200 Jifd 8 5% o7 L2 % Wt R A B
PRl MM F RS GLUT JE[H (g ek R s iy o 5
AN, TR S 4 14 B ( phosphofructokinase , PFK ) 2 4
T ik 1) B it , AMIPKC 336 M 164 i inp, PEK2 {35 14 1
2,6-ZWERR I o s W WA n . AR Sh Ak i) AMPK
AT BRI PFK2 ik — B UE ] 1 AMPK 750 % i
T e FEE R o ZE T An i sc g e, TS ALY AMPK
AT 3t ) 6 -l R SR -2 -t L L AR A R U
5 R 2 A T, 38 B 3 ok RS 1, 6- 8%
FRMTG I e 524 . B, AMPK 5 2o 9 45 i
PR 2 P A R A ) ] 2 R0 i 2 AR 1 0 SRR
FIF, T A LA R A RRUE o

Leptin/Adiponectin

Muscle R Glucose
- eceptors
Starvation contractions
|
- GLUT2
q Gl
— @ I Amp/aTp * & [ Glucose |
HMG-CoA | R T
reductase ‘ :
. ’ | Glucose-6-phosphate |
HMG-CoA g s

Acetyl-CoA G'?

ANEE) —

Malonyl-CoA

Mitochondrial
biogenesis

B3 AMPK 7EREEAIE A A7 X

2.2 AMPK /& fig X345 P 69 15 A

LT A R AHE(ACC) FIE F L — R
Pkt A I8 S5 (HMGR ) 435 2 i 105 19 0 JJEL 2] e
GG EE R, ACC 2R 7 IR A 1 11 BR L 1t , b
AU U S EAHTE A FTAE ACC AT & i —
P A, J5 o SR DA Ik 6 S B 0 o A 2 A A A
FRE R -1 (CPT-1) (R P, DT 400 ) 2 b 14 1) g
0 PR S Ak A B A 19 26 B 5 T HMGR S JIF [ B 5

/AS160/TBCIDA A
' e :

[ phosphoenolpyruvate |

k ® T PEPCK

[TORC2\ [ oxaloacetate
:
:
:

cytoplasm

v

nucleus

Go6Pase
PEPCK

B Bl , R Ak 72 R G R R I A R
¥R . ACC Fil HMGR 5 AMPK 19 5 32 1C
Y, iE A i) AMPK GBS fiff 9 32 B IR 10 2 % , AT 43
Jo A e AR A T o R, R R 4R Ak
JEWLA AL e R IR ) T 2 7 20, AMPK. [ 3876 mf
DA i R Ak A A0 ) ACC, W/ TN RS B A
(4 B, TR i B, CPT-1 (435 M LA S IS R 1 4
fbo PRI, AMPK {3800 R RAAER 1 JIEL [ e 0 g s 1



55 46 55 4 1]

BLHRSESE /N AMPK FLHal 77 (1 e f 5 2 409

G, SIS TN IR A4 SR A, R AR IR 26
AR 7 A BRI

3 INDF AMPK EHE BRI

AMPK 7E o8 3 5 J5 T ) 28 H 22 BE , foff g
BT B S 25 AT THE A, B 2005 4E )
Abbott 5256 % 58 2 T = 38 L G I AT 454
oA 75 2 55 1 A/ 7 7 AMPK 1 i3 )
A-769662(5) LAk, 25 il 245 2~ v — H ¥ /N7 7
AMPK 3SRV Ry 815 I 245 ) A 5 1Y) A
H i T8/ N F AMPK B 4238080 50 R by e i b 24
Yy b7 A WA B B 258 A s RIS ( 1/ 10
Bm R 1A THAIm R 2 ) o BRI SCRRH T8 /Y
/NirF AMPK B #2870 ) 250 R BU A T 255
3.1 T -F3## (acadesine, AICAR)

L&) AICAR (1) J2& 1956 4 )\ 32 filfi i 25 2

Adenonsine kinase

[

ATP ADP
1 (AICAR)
3.2 =Kt b B & (thienopyridones)

2015 4, Abbott 525 25 38 £F 715 HL 5 38 1 i
PEAS ) T AE A% A7 28 AMPK /N 4 B 4 8 A
A-5921074 (4, K EUFIE AMPK ECy, =38 wmol/L),
FESLIERE T AL 2L B ) A-769662 (5,
F BRI AMPK ECy, =0. 8 pmol/L) ™)

(/

HO
' )
Q 2N Lead OH _N
AN Optimization ~
(] (1
N7 0 STONTTOo
H H

4 (A-592107)
EC5y= 38 pmol/L

5 (A-769662)
EC5¢= 0.8 umol/L

WF 9% 2 B]. A-769662 i i A% o W B 7
Thrl72 {1 2B R (A% B 1T A8 AH P AMPK, I HAS
L5 T AN BT AMPK E 807 (4 A 4] 437 5 45
AT H OA769662 HXF A A5 Bl A7 1
AMPK A 3% 76 Fil o Xiao 257V 5l 3 AMPK iy %I

HOJ P/’\

H,N P
H,N o ! o N
HO — : HO =
o) : OGN, N
NN : %

WA (4 R AT o TP A3 B sk g A A
ZALG W 1) 5 -8 5 7E AR PN o IR T I W R Ak S
AL WA &8 ZMP (2) )5 F T 1994 4 4
Sullivan ZF 52 BAG 84719 AMPK $shid %, H S
AMPK ZEfI Jj Bz AMP (3) B 3G AL 5
AMP #][a] , #2582t 46 5 y WA E Ay CBST B,
CBS3 445 A 15 1M A8 74 3% AMPK™ H R ] 2
REAET ZMP 3% AMPK 3 72 5F 35 A5 46 I 21 B
f) AMP/ATP Lb {8 1 78 b, 3 a2 BF 5%
AMPK [ FIAEIREF P Whtk Sh¥y Sc e A e £ W,
AICAR W] DL S [ 2 41 ) AMPK, 17 HL 7 i 4
#E GLUT [ia) 40 i J52 JB Fr) 35 2 5 i R 7 52 8 F 5
FHI, ALICAR AT LA b oo A AR v B, 42 e 11 IR
Wi B E 2015 4E 1 A, XS WIEH
Merck&Co. 28 ml#EAT 1/ T HAIG R BT

"”OH E HOs ”’OH

2 (ZMP) 3 (AMP)

oa2B1yl 5 A-769662 1t 3L 5 AF A IE 52, A-769662
AVERIALANL T o ST X S8 (KD) 55 B AR
AL G4 (GBD) Z[A], ilid ob/ob /Nl AR
PHUTI (30 mg/kg) 25 25 S B0 45 R 7« A-769662
AT LB S AR B R b = 18R K-, 9 T A
MR £ ORI 300 N T e e R o A
Hi Abbott S 3 HE I IR, A B MG S TR A Ml ¢
R AMPK (450 D RE R 10, I 45 236 1k A R
HAZG L) AMPK /Ny 5-3Eh 7
3.3 wke& S ke B8R & (pyrrolopyridones )

a1 A-769662 1 23/N 1 AMPK BL4E5)
FIPEAT I R SERS , 1IRAE SR BE A BAR .
1M 2011 4F Glaxo Smith Kline ( GSK) /23 ] Y Mirguet
ST R T B AR R R R e R O H 8T
BT — M I e S . b e E Y
6 HLAT B HIRA= W0 I BE  (ERAT) B A 45 v 19
MATERRA, TR b, X R, Ry A7 & 8 4 L
AR EEAGE] T — R H1/N k1 AMPK HH4Z#3)
AR R FER W] DR, RN, &
YA SRR, LA N B B 22, S I AT R



410 ‘1’ @ F # X # % #i& Journal of China Pharmaceutical University 2015,46(4) :406 —415

46 %

iR A1 BUA A 3, AMIPK 380 30 376 1 W g g o
@ 2" 5| AW A (4n FLCL 5 ) B, HRF
FHRE I 2542 57, SR T L 355 o 23 RN A0 595 18 S5 )
FEAEAR, 5 P & BT A R AT DL B o AR O
BT, A, A XK £ H AMPK

O

HO

Optimization

HO Oo—

0
9 Rj=Cl; Ry= - iRy= \_{
OH

3.4 R Jteked £ (benzimidazoles)

E 2010 4Ei, Merck #1 Metabasis Therapeutic
ANFEVRFE T BUE LR, TR B A AMPK 3#3h
TR — R I RIS A A (R 1) P 3
PEVEAT L R0 20 (ECy, ) Al AMPK (ol Blyl)
BRI 3 (Act,,, ) HTEIR. MRS WEEE
i SRR 275 6" AL, S AR B U
XPTEHEA AR AR 1 2 B U 11k
G A-769662(5)3 iify 4-(2-F2 K 08) AL F B,
H BRI stk Z )5, Merck 23 R 1%

R,

R N

1 HIFBRIEL AMPK I Tl j@i R,
R N
H

4

N NH
8 R=Cl; Ry= <\/2/ ’ (Ry= @

WIEA FAE A b A3 8 ~ 11 T 2012 4§
8 HHEA M AR A6 By Be o 2012 4F, GSK X
LR T BE— A TE, BB T I I
KEYW 7)), ® BRI —E K AMPK 3l

HHE
A~

HO
O (0] /Q\
N N 0
cl | [
\ ,go

N
H

derivation

| —

7

10 R;=CL; Ry~ </;S

O,

=
H o—
11 R;=Cl; Ry @ R @

LR — AT, AL 4" (A 67 (75| A S
T ACEYTETERA R 2O Frifas . FIROS R
FERI D6 L5 AW T (40 FCL) I i 4
I ; @ 5" HE AR I7 A (A%) BR2AL A Wy
AMPK Sl PR35 5 G 2" o7 e e S PR HLA A
RIRI LA N E AL ST o ZRAL S W IR ARSI
UL A2 %, H R, %A mIBEFE N SR R IT
X AT A AR 3 PRI B 2 — 2B 55 B 2010
10 H 24,04 19 DT Yot Ak
Pyl PR B

i Ry= ~—-=N

Lo R, R, R, R, ECsy/ (nmol/L) Act,. /%
\
o N
12 0 H @\ cl 3 241
OH
13 _ O/(I(O H O cl 1 189
OH OH O
\
14 Y ° H m al 0.6 173
HO “OH
HO O
15 /_2 H N cl 3 241
N
—O OH




55 46 55 4 1 BRI /N T AMPK (Bt 0T B S e m
(g3 1)
&5 R, R, R, R, ECyy/ (nmol/L) Act, /%
0 )
16 g H N F 4 504
—0 OH
L
O,
™
17 H F 17 631
o 9

&
. oH O
18 ey H O cl 0.3 362
0
—o g

ST AT KM Al 5 W) 2 B 2 S
AMPK 3 i P (k& 9 12, EC5, =3 nmol/L,
Act,, = 241%), Xiao 2 @ ik &4 12 5
AMPK (a2 B1y1) i3k fify 45 1 FHAR LR H2 i — 20
BT 55 AMPK i F 84ROk
G2 SEEAEFALAALT o MEERA S X I
(KD) 5 B VA M S 255 35 ( GBD ) 25 8 ) 8] it
K A48, FEANLEGY 12 19 A B KR (K
4) ;QC A A BT K T 4845 I ) FF 11 35 7K Xk,
fipfeas [ R, HAZ R 70 XF AMPK Jie K 3l %
(Act,,,) MR/NF EE B R MR 5 B 55 G5 L 1R (n

C-helix—~

4 B2 5 AMPK 2545550

ZJ5 , HZS Shionogi 23 w5t AR T KL 5
Al S Rkt , A ol - S5 R RE, AUH 6 ST RY
I IJ ST IR G LT MEWE TE K 25 2 450 NMES )
(222) 77 kA A W7E 2/ 1 (R,) AT 5" f7(Ry)
FIAK G RIREEAT, Horp &R - & WIS 1 /K1Y
AMPK Sl PR Z AR I FRIRZE R B EE o 5 i (A
L&Y 19, al BlylECs, = 0.38 nmol/L, Act,, =
660% ) . Merck 24 W] J5 BB AZ G PR T %

Lys29 Asp88  Arg83 45 ) £ £ i EAE FH J (& gk
VER TEEHERR 155 ) o X AMPK /Ny shi 1
I EE R BRI T AT 5 ) S B A A Al

Ring A Ring C

RIS, BB P SEt A TR . H 2013 4£2 A &=
4>, Shionogi 2~ w30 16 28 NI IE I Ak e S 1k 5
Py itAT A 15 P I3, Merck 2 W] [R) A i 256 1 13
AMEE YRI5 BB T 5T, B R DL B T 4 aE o
HEAh, Merck 23 R RE— 20 B2 MR AL S W1 T
BRATE (3R 2) , H 2R R AR A, - i i
T 4 LA YIREA A PR B



412 ‘?’ @ E#xF % #i& Journal of China Pharmaceutical University 2015,46(4) :406 —415 546

R2 o MEBEIFRRIE SRR NEIRZE AMPK /N Tl

wEY WFH 2 ) ELOERY R, R, R, EC5/(nmol/L)  Act,,,,/%
OH 0
N Ry NN
St oi& AN N HO
1 hionogi Jl/\J: \>_Rl o) ' ‘ Cl 0.38 660
Co. , Ltd. Ry F H H\\.- (6]
- )
OH
g Q
Shionogi& ol
20 ionogi II \>_Rl [e) o N Cl 0.49 606
Co. ,Lud. R N P
—0
OH
Merck Sharp& Ry NS H "
21 e ohp | R O X al <1 492
Dohme Group Ry Z H o o

Merck Shamp& 2> TSN Hq O
2 erek Sharp | >R, S Q cl 12 295

Dohme Group Ry Z H

3.5 w9 £ (indole acids)

[ RS TE A TF R N2 HATT 228 AMPK /N3
BB A5~ TF Z 5 , Plizer /3 w] 38 28 73 14000t
BRI G T — RIS A E Y 5

PP PRI R i 2R A B TR AMPK ol B1y1 -
5 FLA 6806 93 PR 014 5 9 23, EC, = Y. -

1.7 nmol/L, Act,, =68% ),k H AMPK & K 3} /\\/ _‘/\ﬁ\

R B AR I TR, A A Y 23 (H

)5 12(4k @) 2 AR B OZEMER R AL

BRRCAEGK R0 R D4 422 2 Ak s @Ak y 4

EW23 512 R ESMEE, HYS Lys29, Arg83 u

Fe Asp88 1) K AU SR PR AT LAAR R ; M|k

SR A A 2% AMPK S5 J3 80 2 19 R/ ﬁi
SR (&S FIE 6) . Pfizer /AT 2014 4E 5

it 8 MBIV AMPK /1535 P 30 ) i Ny _
. H- bonding \///)‘—7‘-- - /\

FEAEAE R, ¢ ’
\ yMlecule 23 ‘;

/ » N\

BSs fL&W23 5 AMPK 4556773

Ring A

Molecule li

Bl6 fLawi12 523 zsaaf g




55 46 55 4 1]

BUIRARAE /N T AMPK L HE M A (0 B 0 413

3.6 vEwk )z ER £ (thiazolidones)

BT AE B s RS B ol W8 A7 A B (1-
394AA) ,Pang % 1 xF 3 600 NMELA W HEATIE
PEGGE , 15 2 /o3 F AMPK B #2380 77 PT1 (24,
alBlyl ,ECy, =8 wmol/L), PTL Xf FHIBR ol P
P PP X 855 ( AID, 312 ~392AA) [ AMPK 3
WA WG s 3 Sl a5 40 SO He it 52 6 WY, T
HATE o MEFRLE G X L (KD) 5 B #il ] X3 ( AID )
Z Al [E] B, E 2 5 AID B3 ) Glu96 Fii Lys156
LS FE IR I 2 AR 92 X 3 52 A8 15 P BT K
I AMPK, 5255 UF B, PTI H ¥ £ M b 3% 0%
AMPKa 5037, HoJ& AMPK (% B3B3 7], IR A

NO,

O,
L/ _/°
S. _NH

'S
Cl

24 PTI
ECsy= 8 mmol/L

7 ALEY PTL RHAH AL TR

#%IT , i1 Boehringer Ingelheim 2\ 5] 5 EI A4
F AR /N F] Connexios Life Sciences G 1E T & By T
1BYT 2 BB BRE Y AMPK /N33 75 CNX-012-
570 (alBlyl, ECyy =93 nmol/L; a2p2v3, ECy, =
285 nmol/L) ik AR RFTHFSE I B % AL & W45
WARTFAT. HHIEH Boehringer Ingelheim 7\ 7]
RARMER TR, HESH AT RE S PT1 28 (27) FIR
JEwkms 2 (28) A AR KAHRIME (L& 29) , AR
PT1 5257 BRI S 1) AMPK 38l Bl 56 2 AN [
S B, CNX-012-570 A48 & HLK IR 5 %
TR RN A A MR I 52 Ve , T LW R i 2 H h =
BRANME Ko BEAh, A 13 DMz ey T
2015 4F 1 H g AWyl vl B
3.7 H4E

R bid AMPK /N3 308l 0 45 48 S, SCERR
TN 2% e w2k (30, Act,, = 109.09% /
10 pmol/L) ' LBERERESE (31, ECy, <0. 1 pumol/
L) At EAT AMPK i, L jsk $625 4 58
B P IIRROC F D AR P I P E AR
AT

Optimization

TELAMP/ATP FLAHAZ AL s SR 1 Tz 5 W1 2
A BERE 2% , P PN I B A 60 21 W] 2 9 AMPK 3%
FEPE WO A e Ak A R T R T4
AL, H 2-28 -4 e Joe F) 25 5 Sy 3 -t ok s | LR il
521k 5 %) 25 (ECs, =2. 1 umol/L) , AMPK &}
EPEW] R 5 vE— AR B & 1 26 (EC,, <
2 wmol/L) ,idid 4 Ji db/db /N 252, 5 —H
XSO L AT L2 B 8 AR i 2% 3ol = 1 2K P A g v
HAIWET Z " 25 i Roche 24 HIIF & ) — %
B ot B M| 240 45 0 T B IR IE JhE el 2 Y
BRI AT o fea ) PTL T 2013 459 F Al
PRATIGHRI , R W R GE (] 7) .

a/
(L

[0}
HO

Optimization

25 26
ECs4=2.1 mmol/L

ECs< 2 mmol/L

27 28
EC5¢<2 mmol/L




414 ‘1’ @ F # X # % #i& Journal of China Pharmaceutical University 2015,46(4) :406 —415

46 %

4 % i'

AMPK 7 21 fitd FNAIL A4 B 52 £ 35 - 47 4 45 )y T
(AR R, A 22 R A e s (b kg | A
FERESE) 097 20 I GE B . 2 R 258 W 5%
FTF R H Ny T3, © 0025 B = R
RUE BT TGS 25 BT (HR R R R 254 11
AMPK /N33 8571 5 AMPK 2 8] i 45 & 75 =K.
AMPK I i 45 25 1 25 49 R0 2 i A SO HLAAR AR 38
SCMRHL] () i — 5 B, L AMPK Ay 88 550 87—
FRBUIE IR 245 ) LW B 2 2l , ol N2 At Sy o

[SEUOENN

R o
2 % Xk

[1] Saltiel AR,Kahn CR. Insulin signaling and the regulation of glu-
cose and lipid metabolism [ J]. Nature,2001 ,414 (6865 ) : 799
-806.

[2] Nathan DM,Buse JB,Davidson MB,et al. Management of hyper-
glycemia in type 2 diabetes:a consensus algorithm for the initia-
tion and adjustment of therapy:a consensus statement from the
American diabetes association and the European association for
the study of diabetes [ J]. Diabetes Care,2006,29 (8) ;1963
-1972.

[3] Zhou G, Myers R, Li Y, et al. Role of AMP-activated protein
kinase in mechanism of metformin action [ J]. J Clin Investig,
2001,108(8) :1167 - 1174.

[4] Scott JW,Ross FA, Liu JK,et al. Regulation of AMP-activated
protein kinase by a pseudosubstrate sequence on the vy subunit
[J]. EMBO J,2007,26(3) :806 - 815.

[5] Viollet B, Lantier L, Devin-Leclerc J, et al. Targeting the AMPK
pathway for the treatment of type 2 diabetes[ J]. Front Biosci,
Landmark Ed. ,2009,14(9) :3380 —3400.

[6] Hardie DG,Hawley SA,Scott JW. AMP-activated protein kinase-
development of the energy sensor concept[ J]. J Physiol 2006,
574(Pt1).7 - 15.

[7] Rana S,Blowers EC, Natarajan A. Small molecule adenosine 5’'-
monophosphate activated protein kinase ( AMPK) modulators and
human diseases[ J].J Med Chem,2015,58(1) :2 —29.

[8] Schimmack G, Defronzo RA, Musi N. AMP-activated protein
kinase :role in metabolism and therapeutic implications[ J ]. Dia-
betes Obes Metab 2006 ,8(6) :591 —602.

[9] Xiao B,Sanders MJ, Underwood E et al. Structure of mammalian
AMPK and its regulation by ADP [ J]. Nature, 2011, 472
(7342) :230 -243.

[10] Zhang BB,Zhou G,Li C. AMPK:an emerging drug target for dia-
betes and the metabolic syndrome[ J]. Cell Metab,2009,9(5) :
407 -416.

[11] Shaw RJ, Kosmatka M, Bardeesy N, et al. The tumor suppressor
LKBI kinase directly activates AMP-activated kinase and regu-
lates apoptosis in response to energy stress|[ J]. Proc Nail Acad
Sci U S A,2004,101(10) :3329 —3335.

[12] Xie M, Zhang D, Dyck JR, et al. A pivotal role for endogenous
TGF-beta-activated kinase-1 in the LKB1/AMP-activated protein
kinase energy-sensor pathway [ J ]. Proc Nail Acad Sci U S A,
2006,103(46) :17378 —17383.

[13] Hardie DG. AMP-activated protein kinase as a drug target[ ] ].
Annu Rev Pharmacol Toxicol ,2007 ,47 :185 —210.

[14] Bergeron R, Previs SF, Cline GW, et al. Effect of 5-aminoimid-
azole-4-carboxamide-1-B-D-ribofuranoside infusion on in vivo glu-
cose and lipid metabolism in lean and obese zucker rats[ J |. Dia-
betes ,2001,50(5) :1076 —1082.

[15] McGee SL, Hargreaves M. Exercise and skeletal muscle glucose
transporter 4 expression; molecular mechanisms [ J |. Clin Exp
Pharmacol Physiol ,2006,33(4) :395 —399.

[16] Foretz M, Ancellin N, Andreelli F, et al. Short-term overexpres-
sion of a constitutively active form of AMP-activated protein
kinase in the liver leads to mild hypoglycemia and fatty liver[ J].
Diabetes ,2005 ,54(5) 1331 —1339.

[17] Kukidome D, Nishikawa T, Sonoda K, et al. Activation of AMP-

activated protein kinase reduces hyperglycemia-induced mito-

chondrial reactive oxygen species production and promotes mito-
chondrial biogenesis in human umbilical vein endothelial cells

[J]. Diabetes 2006 ,55(1) :120 - 127.

Peabody RA, Goldthwait DA, Greenberg GR. The structure of

¢glycinamide ribotide[ J . J Biol Chem ,1956,221:1071 - 108]1.

[19] Schnebli HP,Hill DL, Bennett LL, Jr. Purification and properties

[18

[an

of adenosine kinase from human tumor cells of type HEp No. 2
[J].J Biol Chem ,1967,242(9) :1997 -2004.

[20] Henin N, Vincent MF, Van den Berghe G. Stimulation of rat liver
AMP-activated protein kinase by AMP analogs[ J]. Biochim Bio-
phys Acta Gen Subj,1996,1290(2) ;197 -203.

[21] Corton JM, Gillespie JG, Hardie DG. Role of the AMP-activated
protein kinase in the cellular stress response [ J]. Curr Biol,
1994 ,4(4) .315 -324.

[22] Russell RR,Bergeron R,Shulman Gl et al. Translocation of myo-
cardial GLUT4 and increased glucose uptake through activation
of AMPK by AICAR[J]. Am J Physiol ,1999 ,277 ( Pt.2) . H643
- H649.

[23] Hayashi T,Hirshman MF,Kurth EJ, et al. Evidence for 5’ AMP-
activated protein kinase mediation of the effect of muscle contrac-
tion on glucose transport [ J ]. Diabetes, 1998, 47 (8 ) : 1369
-1373.

[24] Cool B,Zinker B,Chiou W et al. Identification and characteriza-
tion of a small molecule AMPK activator that treats key compo-
nents of type 2 diabetes and the metabolic syndrome [ J]. Cell
Metab ,2006,3(6) ;403 —416.

[25] Goeransson O,McBride A ,Hawley SA et al. Mechanism of action



55 46 55 4 1]

BLHRSESE /N AMPK FLHal 77 (1 e f 5 2

415

[27]

[30]

[31]

[32]

[34]

of A-769662 ,a valuable tool for activation of AMP-activated pro-
tein kinase[ J]. J Biol Chem,2007,282 (45) :32549 -32560.
Xiao B,Sanders MJ, Carmena D, et al. Structural basis of AMPK
regulation by small molecule activators[ J]. Nat Comm,2013 ,4
(4017) .1 -10.

Mirguet O, Sautet S,Clement CA et al. Discovery of pyridones as
oral AMPK direct activators[ J ]. ACS Med Chem Lett,2013 4
(7) :632 -636.

Bouillot AMJ, Daugan ACM, Lamotte Y ,et al. Preparation of ' H-
pyrrolo [ 3, 2-d ]
AMPK: US,2012119979A1[ P].2012-09-13[2015-02-09].

pyrimidinedione derivatives as activators of

Bookser BC, Dang Q, Gibson TS, et al. Preparation of cyclic benz-
imidazole derivatives as activators of AMP-protein kinase useful
anti-diabetic agents: US,2010036613A1[ P].2010-04-01[2015-
02-09].

Bookser BC, Dang Q, Gibson TS, et al. Cyclic benzimidazole
derivatives as AMP-protein kinase activators and their prepara-
tion , pharmaceutical compositions and use in the treatment of dis-
eases: US,2010047982A1[ P].2010-04-26[2015-02-09 ].

Dang Q, Chung DM, Gibson TS, et al. Novel cyclic benzimidazole
derivatives as AMP-activated protein kinase activators and anti-
diabetic agents and their preparation: US,2010051176A1 [ P].
2010-05-06[2015-02-09].

Dang Q,Chung DM, Gibson TS, et al. Novel cyclic benzimidazole
derivatives as AMP-activated protein kinase activators and anti-
diabetic agents and their preparation; US,2010051206A1[ P].
2010-05-06[2015-02-09].

Kojima E,Fujioka M. Benzimidazole or azabenzimidazole deriva-
tive having AMPK-activating effect, pharmaceutical composition
containing it, and method prevention or treatment of diabetes
mellitus: JP,2014069426 A1 P].2014-03-15[2015-02-09 ].

Kojima E,Hinata Y, Tamura Y, et al. Preparation of 5-oxybenzim-

[36]

[37]

[38]

[39]

[40]

[42]

[43]

idazole and 5-oxyazabenzimidazole derivatives as AMPK activa-
tors: JP,2014175330A1[ P].2014-10-03[2015-02-09 ].

Kojima E, Tonogaki K, Tanaka N,et al. Azabenzimidazole deriva-
tives having AMPK-activating activity: JP,2013011932A1[ P].
2013-01-24[2015-02-09].

Tonogaki K, Ino A, Kojima E, et al. Preparation of hetero ring-
fused imidazole AMPK JP,
2012033149A1[ P].2012-08-05[2015-02-09 ].

Bhattacharya SK, Cameron KOK, Dowling MS, et al. Preparation

derivatives  as activators ;

of indole and indazole compounds that activate AMPK: US,
2014140704 A1[ P].2014-09-18[2015-02-09].

Pang T, Zhang ZS, Gu M, et al. Small molecule antagonizes
autoinhibition and activates AMP-activated protein kinase in cells
[J].J Biol Chem,2008 ,283(23) :16051 —16060.

Yu LF,Li YY,Su MB, et al. Development of novel alkene oxin-
dole derivatives as orally efficacious AMP-activated protein
kinase activators [ J ]. ACS Med Chem Lett,2013,4 (5) .475
—-480.

Li YY, Yu LF, Zhang LN, et al. Novel small-molecule AMPK
activator orally exerts beneficial effects on diabetic db/db mice
[J]. Toxicol Appl Pharmacol ,2013 ,273(2) :325 —-334.

Anil TM, Harish C, Lakshmi MN, et al. CNX-012-570, a direct
AMPK activator provides strong glycemic and lipid control along
with significant reduction in body weight;studies from both diet-
induced obese mice and db/db mice models [ J]. Cardiovasc
Diabetol ,2014 ,13(27) .1 - 14.

Potluri VK, Das SK,Sasmal PK et al. Preparation of thiazole car-
boxylates as AMP-activated protein kinase ( AMPK) activator:
IN,2007005785A1[ P].2007-01-11[2015-02-09].

Darwish IS, Yu J,Hong H,et al. Preparation of carboxamide, sul-
fonamide and amine compounds for the treatment of metabolic

disorders : US 2009076631 A1[ P].2009-06-18[ 2015-02-09].





