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Fig. 1 Chemical structure of berberine
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FE 8 22 AL N A P s B4 . Kong %57
TENFIFA M S50 R I, /NEEB RIS PKC, A
M A B 2 ARSI FEIE, 4 PKC & R4
Je /INEERRS TR S 2 52 AR mRNA [R5 K i iy 37
AR SR R, R I/ INEERAS & AN E G i
SN BT FT AT R, JCRERE A TR 2. 3)
YIsEIO R B, PR /INBERRIY 2 OB PR /) BRI
IR B 205 JIE LI i i 2 3 A, TR B 35 P e 3
5, PP 24K (InsR) mRNA 8942 & PKC
TR R . H/NBERIOE 1 TR R N B AR T .
Zhang ZPNEARIIFLD], /NEERRAERT 0 oh A i
PRELA N, X UE B R Sy 2 R A
1.2 REHAEEESIHERRE

R TP A 3 70 2 4 A0 B 400 T ) i
JR A AR R o WAL B 25 5 R LN BER
B AL W /S BT A IR LR SR, 20 ) N B
78.2%A1 70.1%, - v ] LA TR 2 18 A7 JE 420 1A 0 D e
Az WAL /NEERR N RO LR W 2 B, SR
SRR BB 1 5 I FLRR KT 2 E A OG;  [AIA il 7L
PR 7K ST b T 1 B W IR A 1 0 L 1) A B B FL IR
AR AR R BRGNS
FE EREE SR MR, I nT B R BRI DY A
W A5 /) SR IUBE 7K o Yin 2505 P /) B i Ak 40 e
LS R, AR B 2% R B = iR £ (HOMA-
IR) 735 BT 46%A1 48%. 41 15256 iF 57 % W1,
ZINEEBG, B B 5 38 A 9 5 2% A0 2 1 A 2 0 Y A
2- i A T A B OB, AR BED 5~20 pmol/L 1,
A BE BB N 109.0%~ 183.5%, F1 4 K PRI 4
AN 72.9%~113.7%; [F) 0 FLIR /K1 BH 245,
TEBAT I 5 25 B 454 R /INBEBAS IR D5 40 i 3T3-L1
FLIR (KB R N 47.4%~163.8%, A3 i &1
KA RGN 57.1%~106.7%. IR 45 Ft H IAE
L6 JULET4E4 g A o FLERZK T RT3 0156 0 40 e A5 400
WSl 559 T JC AR PP IR 3 o SRV RE S IR AR I, /INEE
AE I 35 PRI 3T3-L1 AT L6 40 e 4 s ke, JF H.
EEKR, LEREE N 1 umol/L I /NEERS A 3T3-L1
T AT AE R IR T 45.7%, XUESE T /NEERH
BEAMBI LR A S . IE 3 450 N ATP (724
7 BT AP, AFLAN M S50 RO ATP IR 2E il
ARG R A AT gk, 40 MR gEAT 1E A st
T BRIk RN EF A R R ATP [ HT$
T WP AR T B AT 2 DRI, XA N B,
B0 0 b 90 R A A 11 3 B SR A

R
i fiE

74
T

13 HMEBEDERE. EBESEE

JB 5 BRI UL PR R TG iy 4 255 ] L e
S 2 20 Hf T Jok 5 3 SRR R T = AR K — R A I
PRFIL, & 2 OB PR3 1 - B Rom Lk, th e H Al
TRTTOME R 93 T TRTIG AR 0 . 5 B I 2T 1o
i 5 2% A RO P B DR 8T AT R . M
ARV R INBER . FOSUIIA 7 B 1 AR R
PR OB B K ok 5.02£1.08) 1 M, H
JR S R BURPELS B s, K {E 30 6.31+0.95 i
6.24+0.65, HAEHMLIIS = FOUITAHL, J& T8
FIENEE .

IR IN 2 TOBH PR 9P 58 AN 2 B 25 15 s 1R
(FFA) &, 1 A5 2 h I FFA /K B
FXFHEAL. FFA Thm BEXIHLAR IS AR = A 2
BARE, W2 R SRS IR, IRk
ik FFA, XA Mopl, oot e i S 4khudy B 2
B KA RS, NBERR AL T R %
R R 2R G, SRR R AR
TP, BT R IERIER 2 BURH IR Hoa
RN NEERS 1 g, ELE 2 NH, eI BRI M
B S B E 2R 20 T R 25.9%H1 28.2%, 15t 1]
/INERERR BB I R B AR, R B GEIF . B
e, BT 2 BB IR 0 (CHEUIEE) Xt
JF BRI, RIS Ay RE R, BIF
JNE IVRE PRI B

Ji % 22 32 AKJEH) (insulin receptor substrate, IRSs)
JE RS (10 B 5 2% 52 MR R VA A FH 1) — R 41
A, SEYERE B ANMAFE I EE A A, S AT
LA TR R AL I 2 IR R 2, IR ALY IRSs
BELE O I F S RO RN A o FE IR P 5143 #7278, TRSs
(1) C uig AT K AN & 11 T =R (LR ih 2 1l
Wom) R siR (BRI A5 BRI AL
M, TN KA PH B, b PH BUMAR A X 8 A 1%
TR AL 455X (PTB), Hrf PH BAH PTB X
WABURA S IRSs BIEE S 0 1, 10 C Ui el
PRI AL A7 6T RIS A% e S e,
6B A, MRS AR o WAL RS
i, R EZARN B WAL (S ZRR R ) #ik
T WS (B 5 22 2 AR TRSs IS R AT A IR
1, MIMEGE IRSs, HGEIREZFEAPT, 1M IRSs C
Uit 42 SR I B IRk & R BUE B £ 2 AR W -1
(IRS-1) B, K IRS-1 H 307 £ £ 5 IR
AR B 5 AP 2 FAric . Yi 2525 R )
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BEOR RS ¥ 5m TRS-1 R4 AR e WLRE-3- 28 11
(PI-3K) £ [R5 K BHIT By FFA 5156 (1) i 224K
P, HHAAEH R EPOCR . MERNLHEIBFR RN
BER(1~10 pmol/L) AEFH FFA 5 2 IRS-1 Ser’”
IR, MBI IRS-1 B#f#E. 754k IRS-1 TR
X 585 7 «B I S B (TIKKB) 1)
WOEA KRR, IKKB Ser'™! BERR AL AT IKKP,
ORI IKKB Befd IRS-1 122 S MR B 1k A Bt
By 4. ORI/ NEERR A REFI ] FFA 15510
IKKB Ser'™ W1k, 5038 19 i 22k, 3k
FUNBERRE T BRI SR T 1. Ko P
50 mmol/L /NEERFAT 0.2 nmol/L Jik 5% 2 [A] i Ak B AR
U540 L 3T32L1, 4559 R IILFEE/E 5 10 nmol/L
JoR K 2 AH Y, U/ INBE R LA I A T 1 FR sk
o BWSEIAT TR I/ INEERK AE 2 2 et IR TR
PN i3] AT 17 A

A, RO A A R R T R A
SR G VGBS JE s, L3RS 2 AN PRI A7 AE
F5 AL A A B0 SR AR B R B SRR AE
BRI 1-o (TNF-00) 72—l % A0 S iz 40 i - AR 1) 22
Diee i ML IN 7, eSS T (NF-xB) 14l
RT3l (IKKD, TKK il A «B #05 F 7 (1kB)
WEER AL M S NF-xB, 1M J5 & )ALt TNF-a #3%,
NI T A B2 A A 5 I IE SR, I 480, I
A LA B AL, B AR iR
ANBEREEAT BT RAEF 15, TR R R e 19
ARO[ ST - Yi S5 TE S R B
SERRBENH] B HEZ (PA) 311 NF-xB P65 [
({2215, Wang 256U 5 KB/ INGERR A 1K NF-xB
I o
1.4 RHABEERE. ENEEENEERERE

AINEETREFII T oo 1 25 BT B R0 s 0k DR AL
WA AWK AR, AT o 20 T B 1
YERIUS, Zhou 255 & BL/NEERAE 0.01 pmol/L
N it A =5 48 0 I 7 40 B 3T 3-L 1 %o A 26 i 1 R AL
TEWREH 1 pmol/L BIA R NH, PR ERA
PRI o /NEERRAS O BEGEE G 07 40 i 3T3-L1 %)
BRI AT B I IR AR T ke, HLAT
FEROC R, M/ NEERR IR S M 0.1 pmol/L 44 Jin £
200 pmol/L I, %4 I FEE g mr 1.3 558
B 3 4%, H/NEERLIR EEIA ] 50 wmol/L i 2 1)
THFER D PRAC, R — e s, NEEAL
BRI, 40 Bk 20 R OSUR A2, 2 h JS R I,

12 h ik B f K AE, 48 h JaiBEREER sk o T3 41,
/INBERR 1) R A R BN AR BE A AR ROR R, HP%
B FH BB 355 0 6 e B FE R T i PRI, 24
HIATE W FEAE 5~100 pmol/L I HepG2 4 il % 4
PRI RE RN T 32%~60%, Hirh/NEERSIK
5.5 mmol/L I WS R I ler, BEBEEAHS 1
mmol/L 1) FSUITARAL, 49 B2 IA 2] 22.2 mmol/L
IR S 2K, 1 FEORUNIC D 26 B 4 56 2 1 ) 9
J K RAKEOH, Kim P25 o LN BT AE 8 54
3T3-L1 41t ikiz 21 1 (GLUTL) W3R M
E A AR KW I . Alexandra 25 PRI 5T /N BE B )
1929 £F 4L ZAREAN GLUTI (R340, A I 24 /NEE
B E KT 40 pmol/L I 41 45 B (1 Vi FE S 3 N T S
%, {Efed) 5 min WA 2354810, 30 min FFIAF]
B KAE o /N BEGR, BE I S ok 2D 7 25 B OB ) Ko 1E
HERIG (6.7£1.9) pmol/L FF&F] (0.5540.08)
umol/L, {FUX ] 2 Bl IR AL 11 e KT e e A1 sl o A
FMLHIBT 5T B I BRI 0 2 s CAMPKO )
i3] Compound C N2> 5 M /INEERE G 40 1 ) 7 28
BRI, LT St St A0 A1 700 i 350 2 BEL KT /N BRE Bk 1)
XFMER

NBERS AE A BE IS GLUTA4, M T (2 3558 26 4 1)
HAZ, WO AR WK 2. Ma 25PY8F57 R B0/ N SE R BE
HEAL RUVLET 4E 40 e AMPK Thr'” FOBR1L, AT
i AMPK [IPAMEALTEIE ol A1 o2, 5358 AMPK
() 0 A SR 2 B 1 A YR AL Ser” AT R IR AL »
%) GLUT4 s,
45{@% IRS ﬁ» PI3K E» AKt M» GLUT4

2 INEEREXT GLUT4 B9CEHL &

Fig.2 Activation mechanism of berberine on GLUT4
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1971 4Fitfk 2% 5K Neel RIS 2 AU IR
IR 5, IFR AR R 2, HAT
XL DR Y (R AR Ty i 52 K I TR LR, 28t 3
HARERE M AEAE TR, (HJ2 2] T FAE I ILRHE
23, B HBNEIE . R B S HEPTABER . iEST
RIAE 2 ROBE PRI A, 70%~80% 1 A AT HE R
L. DL, 2 BUHE PR S IR AR B DI o6
o XTRZARIIFFERA, HORE 2 a2 A A
NS 3 ) T e oS- A S T L
AR S I N ¥ 2 B AR, T DL 2 £ 4 5, GLUT4
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(ECR D o /INEEBRBERG IR & =2 RIS,
BEMOT 2 AR E R B » Lee 50025 12 IR
Wistar 2 BUBH PRI K EER AT 5 mg/kg /NEED, 3
JalJa AR R T 13%, I H A kb S50 RO £
/NE TN

AMPK & — MRS E O, 2
HRemE TR WE AMPK K 4s — R4S,
—J7HIK A ATP )6 AR &R, 5T a3
= ATP [R5 AR & AR, AfTosb Be s A7, B9
REEVHAE, A “HIMIBER M8 2P, AMPK &
HATAYT 2 BOBE R it sl WA A = e 6
PIMETRE/N U ST R B AR U, FRIELEL ig /NEERR,
2 AR, BERY A TR, AEde s AMPK 1)
MR NI (1 I AN 1 i N =g o o D £ AR 2 IS
W], BEGBEN BB R EELR K RE
e MR 5 3R - I 28 B R E R Chyperinsulinemic-
euglycemic clamp) B} 7T & W] /INSEGR BEAT R 22 At v i
B PR B 5 AR, AL TR I, /INEER e ok
b —ZR B RV AN oy A s R R ) ek, IR DT R
Gl (fatty acid sythetase, FAS). JRMi 40 i1k
e Moy /BRI TS s AEE Lo
(adipocyte determination and different-tiation-1/sterol
regulatory element binding proteins-lc, ADDI/SREBP
lo) ARG B R i L2 4K (peroxisome
proliferator activiated receptor, PPARy) 4§, MIM7
T 7 AR B oA, /NBERBON 40 5 391 2% D e 5
(cyelin D kinase 5) B AT W20, BEH]/NEERAN 5
Wi PR L ARG, IR AR D

RHNSEIT RN, IEH RS AR T 5
RV FFA (ER=BEH TGY IR, &)
S B 25 O3t R T AL 2R R e 5 R
W (GSIS) I, 84wk BE ¥ FFA 80 TG ] 4
JBE & B At A o Dy RERRAG o FH/INBERR 43 i) A 3
I R 3 o3 o A IR IR T 40 i 3T3-L1, 45 R/
BEBRRE W S gl D R 17 40 B ) 24k S BRI Y TA
HUFFA [ 8 o AR LR 2 gl — ZR S0 I D7 4
MR & SRR RIS, S gl ]R3 H
KIS 2 B 20D 4 e GLUT4 mRNA K&
JRAHSCHE N 3%, 4 B 2E 25 A0 E TP Gu
SERSIR P FRAIR. FRA A AR AL I R T /NBE
BTG YT 2 OB PR s B i G S 5 3 (1 AV F LA o
Yin 2P R B 2 pmol/L /NEERR RS S 3T3-L1
AMPK [RIBERRA, FFRHWTEE R 30 AMPK. [ #ER

FeAMEIVE R, I BLIE R AMPK R AL 1K) T 4R I 1]
HR G A1 AN A7 AE— € 22 5, L6 41 M 0.5 h TF45,
3T3-L1 M 1 h JF4h, AMPK BERAL fFE 2t i) 45 /0
JE 16 h, ULW/NBEG REP AT AMPK BRI, JF
A A LA ] ) A 355 v W R AOTR A o R SRR R
PIAMPK FRE:RERIL S AMP/ATP L b AT
Ko 20 pmol/L [F/NEERK FESE IO LN AMP. ADP HlI
ATP [P FE, X158 B /NBERR AN 2 PR A ATP 1R 2E 1
Mz m ATP BRI H; 2 h LS AMP/ATP Hi
ADP/ATP (¥ Lbf5] 1, AMP 3 i 3o b3 ik ok
% AMPK W1k . AMP/ATP ELf)_EiRAVY BEAT
AMPK PRI, IO REUIE p38 22 24 P B (U
(p38 MAPK), 7 H. p38 MAPK #il7] SB202190
BEFS 73 BELWT /1N 328 40 %o 1 25 4 (WAL, AMPK
PR B A BE BR S p38 MAPK U #ERE AL, B
AMPK AbT-iR45 L. /NEERAS RERIEPE 5 2= 55
B ) OCHE > T Akt BERRAK, R/ NEERRAR A %
B 1 W AN A Tl Bk B R AR Tl ,
AMP-AMPK-p38 MAPK il # .
1.6 ERS pHREINIGE

WO IRIBE S B Al At R DR 2 ks S Eohs IR
TR . 22RO NRERRAL B BB A B B
AN AR RN, /BB T DA e B R 2R A A
PO T s A B RIS, (BRI B R IR 200, ) B A
JE AR i HAT e R E - o SR BRI TR
BUINEERRAE (LB B 4RSS AR,
1.7 BEE AR S EE KRR RER

B R A AR R b 2R 7= AR I — R A ik
v, HHA RSN, e NERTE RS H A
17 i3 i1 O (EP e N SRR SVIE A e G
PP IRRE B A TUIR D FIR% IR, AT (e gk 5 2 005 K
B PRI . e e — RYBAT Y . Rltk, Z9n]
DA e 04Uk R 3 B S B R T« Zhou 258
SRR EE R (BRI S T RI0RE R/ R
F/NBERRCOR I, /NBERRAN X B LA B B B At 1)
Thiee, 380l i o B 25K 7 Bk B 2 i U, Ik
AE B LS LB (SOD) (TG E R FAA AR 7Y
AN B (MDA) 5, $ER/NEER R B B
0 0 ) AR F AT e Sl I B AR sE . K
B J2 A £ T IR AR AR 2 R /S SRR A D e
T3 AR IO A AT 38 T2 S8 2 RAEORE B /S BROK
i 1z 2 s i 2 e ORI e, DRI P AR A R
2N RN N BE . Bhutada 25E0SHFST R B/ NBE
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Bk fiE A = B PR D B2 e T TR Bl A Ak ) il
(GSH-Px) FiE e, AR w05 i 1 v P A A4 9 Ml
FUS AR /N RUKIE B SL i B, /NSED
7E 100 mg/kg I fEE 2 RIS 124844 -
2 NEERRRTHE PR R I B F A GE RO R it R

ANEERIR T RE ST RIVE ST B IR A, B PRI
5 LA I RAE WA B iR T R . — A
(NO) W J = A R B EF sk -, fEfR R
AT ZBAEFRY)RE, WEP TR I« BH L 40 R i
ZINARCZRS BT AL PR R 0 L6~V UL L P 4
BEAG I AS BE M 2% . Wang 25U TRIFST ok /N BE B
B Py 2 JEPE NO 41 (eNOS) Ser'”” (1 ER1L,
BB HE IR T AR 1 90 (HSP90) 5 eNOS 454,
MM I NO (2R s I HAR RERSS Hi Erbil 5 [ 1
TP AR R AR T AR B Ay IR AL,
FRZ A RGBT N B A, S BB PR 5 1R )
I P Rz ShRES . [RIFE Wang Z5POTF 5T & /N BE
Bk BEAE I 1G5 eNOS [R3IA KT 1 )6 v B IR v
TR A ALEE (NADPH, 2 I8 Y A2 s 46U
FEEAE) FRRIE S I NO 7K, Mk
A ML N B D RE A o

HE T S AL 24K 7= %) (advanced glycosylation
end products, AGEs) J& A& I8 500 55 2 15 )
SR U AEAN AT S NPT T ), o AR R 3
IR AT . AGEs {ERN IR E— TS
BRI NO Al (PN AZ ) IR, 52 P Rz sk
NO MBI 5y —J7 T 25 B ML AR 1 15 = I RIA,
SR P BRI D RE, AT | 25 Tl B I
JiE. Hao 2507 FH BRI AGEs #3rB BRI% B A
PR, 25 B/ NBER REAE L ) AGEs [T
J, AT 0 NO A A 55 2 42 i 2 NO 1)
FEIR G RE R S R AL 1 s 2R
HH/INBEBR R PR LT B AL 11 2 K1, AATTIE 2]
TETTHE PRI T A T AE R B 1
3 NEERATEYMB LR RER

/INBRER BRI PR R AR AR R AR B 2 S R T
FE. K TIRANGEFEIL AL S T A58 AT 234
(R 29), WF A BOC R WAL, 2006
4, Bian ZPNS R T 17 ANNEERAT A, IFH B-
iR AN (O VAR S LB E IR OGR4
RRIL, 2 C-20 C-3 AL S PHT I B
B AR L R RE R SRR, g B B4t
SRR G, U W]/ INEERR Y Y SRR B 2 FLOR K R

I B-AH Mo AP I 06 TR RE T AL e S 5
W C IR AWV NEEART AR, W TR A b e
e Ry Bk S, S0 5 B-JHE IR A0 B S Pt 250 2k
T B EL AT L R fr 2 U1 PR AR R 4
S EEMA G 29 N-7 _EINBUCEER (et
AL U N-pidl (BRIL) FRii b, gt
B-AH B AR RS R ZE AR K, M HUREE R
LB ZBE I ORI, IX AT A b SR N-7 i
T RN BRI T, T SRR ARG HE A
PRI, nRe S AR EEIRRCR, [FR
58 ] 7 R G5 4 AN A2 B IR (1) 2 F5 2 4] . Turner
A DOV — B AIE Sz T /N ) A 1 T ol /N B
Bk, A ML FE R I — S/ INEE B L /N e T 25 )
BN b Rz AR, 3P R AN
PR S5 AR PR S AR pl NBERY, X OR BLE S B B
BEAE F (3 2 /N 53 /MBI D FRHUARSE A
1SN B-A B A ) C R %), 24 C-9. C-10
Ak AR EL D B EHAREE I iE PR 5, 1
C-9. C-10 8¢ C-11 fi7 | NH— FA BE Bl R A L N
PERIF#AR . Yang S5 8T 19 4 D BN FRIEU L
(1) /N B B A A 40 R AE 9 1 RG22 Ak
(LDLR) KIKMRUKEFR, SRR D 3 B 24>
P S AT e im e, (H3n C-9. C-10
PRI SR T B L T 2 R A . 2 25 C-9
AHE, IHE C-10 SINFRIEHGEERT /INEER; 24
C-10. C-11 FIANFEIERy, HiGrhmamn, th/NSEmm
Perm T 1.6 1%, AELRE AT e 5B I 3 v 1k 12 i A1
2010 4F, Huang MG 3|FRESEH . Cheng 451
281k 445 [ N I AE C-8 7 I\ 2 AN R,
BRI ST RDL, 8, 8- F k- — S/ NEEBBESHI
LR U, F i AMP/ATP EL1, 0% AMPK,
MR H Z B (R e, shAp i B, 8, 8-
B NEER LU /N B LA B G R AR R R
4 Z5iE

2 RO PRI R - DA ey IR Ok TSR AE, IR
BiEPR, HEMS RS B R i I SR B EL e
fE, DRCAE VAT bR AR O N, v G
LD, R AW (10 T AR L RO O FIME 5 e
B AN ThEESE. HurifyT 2 RUNE IR H 16 1 ik
N BEEEIRIS . o1 25 B TP A 25 . 3
SERHT RLEME e WS (TZDs) JE Ry a2y (4o
BRHIED B LT, b 2 BOBE R AT R T 4
B 25E 8, (AR EIME A e TS . Kb
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R . AINBERAE N R IRAL G, BERERCR T
FIPEFI/N AT FEAT I EAAE BB R o S8 AT o
Frftdh, AR 3. R, KRR
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Fig. 3 Hypoglycemic mechanism of berberine

PRI 27 S b R I K M BRI 98 2454 AT B A1 A
(95 e s FERIEE =B 70N, RIEA R 1 i T “A2
" Ceross-talk) T REHISS IS =G 51T, 2
TN /NBERS S BT R 2500 FIAEIR T8 R Iv 7 THHEAF ¥R
N 346, 2 BORE IR BRI 2% I RAE
Z, WAEFEHR 2, mEEHPEETT 2
AL ZHE ARG YT o

Sk

[1] Zimmer P Z. The global epidemiology of noninsulin-
dependent diabetes mellitus and the metabolie syndrome
[J]. J Diabetes Complieations, 1997, 11: 60-68.

[2] Kong W J, Zhang H, Song D Q, et al. Berberine reduces
insulin resistance through protein kinase C-dependent
up-regulation of insulin receptor expression [J]. Metab
Clin Exp, 2009, 58: 109-119.

[3] Zhang H, Wei J, Xue R, et al. Berberine lowers blood
glucose in type 2 diabetes mellitus patients through
increasing insulin receptor expression [J]. Metab Clin
Exp, 2010, 59: 285-292.

(4]  FARJICHI, IR /NGRS IE R /) BB I R
[0]. 24242441, 1987, 22(3): 161-162.

[5] YinJ, Gao Z G, Liu D, et al. Berberine improves glucose
metabolism through induction of glycolysis [J]. A4m J

Physiol Endocrinol Metab, 2008, 294: E148-E156.

[6] A, SRR, BOKEE. THOERIG NG RGN W
R I 1 AU E (R SR FE (0], 7P R pg R g A 0%
&, 1997, 17(3): 162.

(7] RAM, XIATEE, XN, &5 RITvOERRE e 2 3
B 9 K BT LSRR i 38 32 AR R RAA 1 5 (0],
] Hh 2 LR B 22 2455, 2008, 14(7): 509-511.

[8] White M F. IRS proteins and the common path to diabetes
[J]. Am J Physiol Endocrinol Metab, 2002, 283(3):
413-422.

[9] Sun X J, Goldberg J L, Qiao LY, et al. Insulin-induced
insulin receptor substrate-1 degradation is mediated by
the proteasome degradation pathway [J]. Diabetes, 1999,
48: 1359-1364.

[10] Rui L, Fisher T L, Thomas J, et al. Regulation of insulin/
insulin-like growth factor-1 signaling by proteasome-
mediated degradation of insulin receptor substrate-2 [J]. J
Biol Chem, 2001, 276: 40362-40367.

[11] Zhande R, Mitchell J J, Wu J, et al. Molecular mechanism
of insulin-induced degradation of insulin receptor
substrate 1 [J]. Mol Cell Biol, 2002, 22: 1016-1026.

[12] Yi P, Lu F E, Xu L J, et al. Berberine reverses free-

3T3-L1

World J

fatty-acid-induced  insulin  resistance in
adipocytes through targeting IKKB [J].

Gastroenterol, 2008, 14(6): 876-883.



¢ %% Chinese Traditional and Herbal Drugs

FE44% Fo 20133 A * 769 -

[13]

[14]

[15]

[16]

[27]

Ko B S, Choi S B, Park S K, et al. Insulin sensitizing and
insulin 2 tropic action of berberine from Cortidis Rhizoma
[J]. Biol Pharm Bull, 2005, 28(8): 1431.

FAMRK, A B, MOOW, S NBETSE s IR TR R
B MBE B AT (0], U ek, 2005, 18(3):
198-200.

Pick J C, Crok M A. Is type 2 diabets mellitus a disease of
the innate immune system? [J]. Diabetologia, 1998, 41:
1241-1248.

PO, T, AR AR GIEER ST
B DR B TR G &R (0], IRIRRER, 2003,
7(12): 1766-1767.

Wang Y Q, Huang Y, Karen S L, et al. Berberine prevents
hyperglycemia-induced endothelial injury and enhances
vasodilatation via adenosine monophosphate-activated
protein kinase and endothelial nitric oxide synthase [J].
Cardiovasc Res, 2009, 82: 484-492.

Pan G Y, Huang Z J, Wang G J, et al. The antihyper-
glycaemic activity of berberine arises from a decrease of
glucose absorption [J]. Planta Med, 2003, 69(7): 632-633.
Zhou L B, Yang Y, Wang X, et al. Berberine stimulates
glucose transport through a mechanism distinct from
insulin [J]. Metab Clin Exp, 2007, 56: 405-412.

Bug, WICHI, BRAAAE, A T HOSUN. s A R
/NEERXT HepG2 A MU (I ELEL (0], hepy 70
R, 2002, 18(6): 488-491.

Yin J, Hu R M, Chen M D, et al. Effects of berberine on
glucose metabolism in vitro [J]. Metabolism, 2002,
S1(11): 1439-1443.

Kim S H, Shin E J, Kim E D, et al. Berberine activates
GLUT1-mediated glucose uptake in 3T3-L1 adipocytes
[J]. Biol Pharm Bull, 2007, 30: 2120-2125.

Alexandra C, Christina P, Matthew J S, et al. Berberine
acutely activates the glucose transport activity of GLUT1
[J]. Biochimie, 2011, 93: 1187-1192.

Ma X, Egawa T, Kimura H, et al. Berberine-induced
activation of 5'-adenosine monophosphate-activated
protein kinase and glucose transport in rat skeletal
muscles [J]. Metab Clin Exp, 2010, 59: 1619-1627.

Neel J V. Diabetes mellitus: A thirfty genotype rendered
detrimenta 1 by progress [J]. Am J Hum Genet, 1962, 14: 353.
Lee Y S, Kim W S, Kim K H, et al. Berberine, a natural
plant product, activates AMP-activated protein kinase with
beneficial metabolic effects in diabetic and insulin-resistant
states [J]. Diabetes, 2006, 8(55): 2256-2264.

Olof L, Jude T D, Robert B, et al. Activation of the
ATP-sensitive K channel by long chain acyl-CoA. A role
in modulation of panereatic -cell glucose sensitivity [J].
J Biol Chem, 1996, 18: 10623.

Gu Y, Zhang Y F, Shi X Z, et al. Effect of traditional
Chinese medicine berberine on type 2 diabetes based on
comprehensive metabonomics [J]. Talanta, 2010, 81:
766-772.

[29]

[31]

[32]

[36]

[38]

[39]

[40]

[41]

[42]

Cheng Z, Pang T, Gu M, et al. Berberine-stimulated
glucose uptake in L6 myotubes involves both AMPK and
p38 MAPK [J]. Biochim Biophys Acta, 2006, 1760:
1682-1689.

FRW, Phisd, 1 A HBRADBEROT IR R BOR
EWER AN B U AR 0 B A ) G R B R AW VS S/
&, 2002, 12(18): 6-10.

RS, SERAIT 1 AUEIRWT 60 T ROMEE J 5
BWEIT 3. k4G 45K, 1988, 8(12): 711-713.

Yin J, Hu R, Chen M, et al. Effects of berberine on
glucose metabolism in vitro [J]. Metabolism, 2002,
51(11): 1439-1442.

L. WERTIGHEIKE (7). BE25 5 R4, 2005,
13(6): 40-43.

Zhou J 'Y, Zhou S W, Tang J L, et al. Protective effect of
berberine on beta cells in streptozotocin-and high-
carbohydrate/high-fat diet-induced diabetic rats [J]. Eur J
Pharmacol, 2009, 606: 262-268.

Bhutada P, Mundhada Y, Bansod K, et al. Protection of
cholinergic and antioxidant system contributes to the
effect of berberine ameliorating memory dysfunction in
rat model of streptozotocin-induced diabetes [J]. Behav
Brain Res, 2011, 220: 30-41.

Wang C M, Li J, Lv X Y, et al. Ameliorative effect of
berberine on endothelial dysfunction in diabetic rats
induced by high-fat diet and streptozotocin [J]. Eur J
Pharmacol, 2009, 620: 131-137.

Hao M, Li S Y, Sun C K, et al. Amelioration effects of
berberine on diabetic microendothelial injury model by
the combination of high glucose and advanced glycation
end products in vitro [J]. Eur J Pharmacol, 2011, 654:
320-325.

Bian X L, He L C, Yang G D. Synthesis and anti-
hyperglycemic evaluation of various protoberberine
derivatives [J]. Bio Med Chem Lett, 2006, 16: 1380-1383.
Turner N, Li J Y, Gosby A, et al. Berberine and its more
biologically available derivative, dihydroberberine,
inhibit mitochondrial respiratory complex I: A mechanism
for the action of berberine to activate AMP-activated
protein kinase and improve insulin action [J]. Diabetes,
2008, 57: 1414-1418.

Yang P, Song D Q, Li Y H, et al. Synthesis and
structure-activity relationships of berberine analogues as a
novel class of low-density-lipoprotein receptor up-
regulators [J]. Bioorg Med Chem Lett, 2008, 18: 4675-4677.
Huang L, Shi A D, He F, et al. Synthesis, biological
evaluation, and molecular modeling of berberine
derivatives as potent acetylcholinesterase inhibitors [J].
Bioorg Med Chem, 2010, 18: 1244-1251.

Cheng Z, Chen A F, Wu F, et al. 8, 8-Dimethyl-
dihydroberberine with improved bioavailability and oral
efficacy on obese and diabetic mouse models [J]. Bioorg
Med Chem, 2010, 18: 5915-5924.





