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AMPK/IR/IRS1 3 4t S5 Wb bR s 7D Bl 55 35
FCHUPLIR () S 35w o8

koOE R RS, FEH° [ KMER (HILEZFEMEER ) a. OMAEERSIT TG b NARRIE %
ZERL, W12 442000 ]

# E: BM KT AMPRBE G (AMPK) /BB F £k (IR) /M B & k&4 (IRS1) @34 m ) &
W3 LR B F AR P A4 A RO AR AL . TSR % 30 R CSTBL/6T s SARYE 52 33X i AL 3T IR 2R | 8 R 28 % AMPK
B, 10 R, AR R B A e m AU s R L bE (FBG) ; #Efban2r i@ (HbAlc) X7 &4bm ) &
HbAlc K-F; k8 EAAn & A an A=k 5% (FINS) ;3 ZAEsFHE®RMN DR SE (HR) | A T A H
2 (LVIDd), £ F4FK KM A2 (LVIDs) | Hendk (EF) B A XRG4 F (LVFS) Masson ¢ &4 /)~ &,
'u}lux/,%:mﬂrkjn ELISA XA &#nl A EAEE (TC) . Z8tHW (TG) | IKREEKES - 2@ & (LDL-C) .
A Ak (GSH) . =8 (MDA ) Z#&MHA (ROS) KT+, BE R %ekipiE (WB) ﬁm'uﬂméﬂ 1 AMPK, IR,
IRS1 % & 7K ¥, RT-qPCR # M| & UL 2% + AMPK, IR, IRS1 # mRNA K-F, R St aint, & &kBA DK
FBG, HbAlc, FINS, TC, TG, LDL-C K-F3g 4 (=14.94 ~ 63.46) , I #354r HR, EF & LVFS & (£=56.62,
199.00, 42.50) , LVIDd ¥4 (=176.80) , 2FAA %5 L (¥ P<0.05) ; LVIDs T £ F L4t 5 & L (=346,
P>0.05) 5 /RS U] /s o R B R RO ARIE Ay ofeih GSH KPRy (£=5.75) , ROS 5 MDA K3 (1=22.60,
15.18) , "SALZ L ¥ AMPK, IR, IRS1 % & (£=7.00, 4.33, 3.66) % mRNA (=2.61, 5.17, 6.79) & ikK-Fm "V,
EFAA G FEL (¥ P<0.05) . 54 kmA L, AMPK # &4 & FBG, HbAlc, FINS, TC, TG, LDL-C &
Y (12914 ~ 56.34) , SHEEIEAF HR, EF Z LVFS ¥4 (1=135.90, 152.00, 41.99) , LVIDd & (1=203.20) ,
EFBA R FESL (3 P<0.05) ; LVIDs TALZF LI F &L (=1.58, P>0.05) ; o8 B BIJRILARB Y ; fiF
GSH K F ¥ Hm (£=19.60) , ROS 5 MDA K-F# 1V (£=32.90, 23.44) , <AL L AMPK, IR, IRS1 &9 (r=15.14,
29.44, 17.15) & mRNA (=11.52, 9.67, 8.49) &kKF¥h, £FEA%ITFEL (3 P<0.05) ., £if #F AMPK
TRCEHE SR RS T, B Ak b 4 s i K T 5F T IR BAC R OK-F, VR A ALE T 4L S AMPK/ IR /IRSs i@ 3564
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Experimental Study of AMPK/ IR /IRS1 Pathway Mediating the Mechanism
of Myocardial Insulin Resistance in Diabetic Mice

ZHANG Pu*, ZHANG Jun®, LI Xuefengb [ a. Cardiovascular Disease Diagnosis and Treatment Center;
b. Department of Endocrinology, Rheumatology and Immunology, Taihe Hospital ( Affiliated Hospital of Hubei
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Abstract: Objective To explore the role and possible mechanism of adenosine monophosphate (AMP)-dependent protein
kinase ( AMPK ) /insulin receptor (IR)/ insulin receptor substrate(IRS1) pathway in myocardial insulin resistance in diabetic
mice. Methods Thirty C57BL/6J mice were randomly divided into control group, diabetes group and AMPK-activated group
according to the experimental design, with 10 mice in each group. Fasting blood glucose (FBG) was detected by a dynamic
blood glucose detector detected . Glycosylated hemoglobin kit (HbA1c) was used to detect the level of HbAlc in mice. Fasting
insulin (FINS) was detected by insulin detection kit in mice. Heart rate (HR), left ventricular end-systolic diameter(LVIDd), left
ventricular end-diastolic diameter (LVIDs), ejection fraction(EF) and left ventricular fractional shortening (LVFS) were measured
by echocardiography. Masson staining was used to detect myocardial collagen deposition in mice. The levels of total cholesterol
(TC), triglyceride (TG), low-density lipoprotein cholesterol (LDL-C), glutathione (GSH), malondialdehyde (MDA) and reactive
oxygen species (ROS) were detected by ELISA kit. The protein levels of AMPK, IR and IRS1 in myocardial tissue were detected
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by Western blotting(WB). RT-qPCR detected the mRNA levels of AMPK, IR and IRS1 in myocardial tissue. Results Compared
with the control group, the levels of FBG, HbAlc, FINS, TC, TG and LDL-C in diabetic group were increased

(=14.94 ~ 63.46 ) , the cardiac function indexes HR, EF and LVFS decreased ( =56.62, 199.00, 42.50 ) , LVIDd increased
(t=176.80), and the differences were statistically significant( all P<0.05 ),and there was no significant difference in LVIDs (#=3.46,
P>0.05). The collagen deposition around small blood vessels in myocardial interstitial was increased, and the serum GSH level
was decreased(#=5.75), ROS and MDA levels increased (= 22.60, 15.18), the expression levels of AMPK, IR, IRS1 protein
(#=7.00, 4.33, 3.66) and mRNA (#=2.61, 5.17, 6.79) in myocardial tissue decreased, and the differences were statistically
significant ( all P<0.05) . Compared with diabetic group, the levels of FBG, HbAlc, FINS, TC, TG and LDL-C in AMPK
activated group were decreased (7=9.14 ~ 56.34) , the cardiac function indexes HR, EF and LVFS increased ( =135.90,
152.00, 41.99 ) , LVIDd decreased (/=203.20), and the differences were statistically significant ( all P<0.05) , and there was no
significant difference in LVIDs (#=1.58, P>0.05). Perivascular collagen deposition decreased and serum GSH level
increased(#=19.60), ROS and MDA levels decreased (#=32.90, 23.44), the expression levels of AMPK, IR, IRS1 protein (=15.14,
29.44,17.15) and mRNA (=11.52, 9.67, 8.49) in myocardial tissue increased, and the differences were statistically significant( all
P<0.05) . Conclusion Activation of AMPK can improve the cardiac function structure, reduce blood glucose and lipid levels and

reduce oxidative stress levels in diabetic mice. The mechanism of action may be related to insulin resistance mediated by AMPK/

IR/IRS1 pathway.
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WEPRIR I BRI RAE T L = AR P g -,
EL A Ay tH S B N B — A~ R B T AR R
T3] 2045 445 A 6.93 A NEABEIRIG, Hi K24k
B R 2 RUERG (T2DM) B AL sl i R
e 23 FEOT 2 RN A B I AR, ALAEO NS |
MAGSEH W PR B AR 2 B 555 . O ISR
JE T R I e TP B SR AR T IR B IR
PEC VR AT 51RO Ty s O ILEF AL RO IR 45
ez Y, RO A KREHICHIT, (ARG S
FoC MR ) AR LA 8 2 Ef . AMP #KG5iY
TE I3 [ a denosine monophosphate (AMP)-dependent
protein kinase, AMPK | 7EBH R i & i e rh B
BRI EER , HaT IR A 12 85 H 4( glucose
transport protein, GLUT4 ) FI{iF &5 g 1l R LA ol 5 Jik
BEMPL, R RGP A N R L E
B BB RFSLRE T SRS 2R 2K
(insulin receptor, IR) MYZEA 7. SR, ZRINE
AT 305 e 5 R UM AR DG 23 AL 2 S BB
B EIPT, N5 ZFE, 41 T2DM A4
CERIEE Y, B R 2K/ RS FEZ KK (insulin
receptor substrate, IRS) &/ =155 5 S HIKH £
TR, KIBRA IS SRS P Y. Ak
RS SRR R A i U HAET, ST AMPK/
IR/IRST 38 FE 5 AT A S 8 BB S SR O L
PR, MR, A o EE ST B PR /N B
BERY, $55 AMPK/IR/IRS 38 6 7 Wl R 0 LA 13
H AV EHIBIL
1 #MRIERAE
1.1 BFZxT % $E4#% 30 H SPF 9 C57BL/6T /MR,
W H A AR A R A A . SR s T

PRa&TiE, T 4+5) °C, 1B 60%+ 5%, K
A PR, SRR AT A R LA LK
SR BRI RS, AR & sh e 2 &
Gk

12 XA HME  AMPK Hilk (3£ sigma A7 ) ;
IR fifA, IRST AR ( S5 E Abcam A H] ) 3 Zekifk
JIES R A7 4G I3 1) 5 . Masson e 0 & T T E
( malondialdehyde, MDA ) . Bt H K ( glutathione,

GSH) . {fPE% (reactive oxygen species, ROS) #i
MR & (BRI RBHEAR] ) BIRRERE(TC) |
=EEHW (TG) | IR AR - IR[EEE (LDL-C )
a0 A B DU SRR R A RN I AT PR A
7] ) 5 Ampkinone ( 3& [§ MCE ) ; qPCR 1% ( & [#
FunglynBiotech ) ; 4= fifAn{ ( FEER CH/RBHE
NI

1.3 BrRF ik

1.3.1 250 43 20 5 0 R R B iy 57 K 30 H
C57BL/6J /)N AR 4l 52 3 1% 1T Rl ML 53 X REZH . b
PRIGALFT AMPK UG, RR2H 10 Ko BRI AL/
U AR TR R 28 K, HE s T SEENRIL I 2 (STZ,
30mg/kg) , 3 KRHuilll Nz pE (FBG) |,

LRSS = 16.7mmol/L, BIVBEPRIG /N BB A 2
. AMPK JUE 2/ BRAE AT LR BE J5 1 s 1
5} Ampkinone (5 mg/kg) , #EZE 1 A,

1.3.2 2y 28 i A DU A I /) B FBG e B 4% 21 /s
SRR A I, /0N Bt 2 i ARG 0 4 SCARSE 0 /) B
FBG, a4ttt

1.3.3 ELISA i &4 HbAlc, FINS, TC, TG,

LDL-C, GSH, MDA & ROS /K3 /NEBREY )

BOF R, A S AR R ORI, R R
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15min, 4°C, 2 500r/min #.0> 1Smin, )5 HF W
o A% B s W, R ERE L I 2T 2K 1 (HbAlc)
25 R 5 2% (FINS) . GSH, MDA, ROS, TC,
TG F1 LDL-C A il 2571 5 150 B 5 v i) 55 56 20 T gk
Fr¥EME, K0/ B HbAle, FINS, MDA, GSH,
ROS, TC, TG, LDL-C /K, )54k 1542
(A /N W o 5 2 e T8

1.3.4 A s E A D/ B HR, LVIDd, LVIDs,
EF, LVFS: ¥ 240/NRZ O mT XA B, RIS IR
REAR, R Sk AT SR M, Sk 3
A AR, M A S IR/ RUG % (heart
rate, HR) , ZE.0& i RIS (left ventricular
end-systolic diameter, LVIDs ) , 7% .0» % &F 5K K
1 W 4% (left ventricular end-diastolic diameter,
LVIDd) , 5} 11434 (ejection fraction, EF) K Z¢
2 S Bl 45 %5 % (left ventricular fraction shortening,

LVFS) , /a8 air.

1.3.5 Masson 4 kg I /N BLC LI R DT AR A B
B/ NRO N s, SRR AL BE, A koK
Ve, P Regaud ZR ARSI % Smin, FHZEMHK
PG RO L L) B iR A Masson IR B LR PER
IV Smin, = A 2% VKSR % W 3min, 1g/dl
B2 /K 3min, TN KE#E YL £5 Smin, A 0.2g/dl
VKBRS W 3min, FHRUCE ARSI, —H
R K . B, RJE B R IR SRR,
1.3.6 RT-qPCR I /)N R0 LA 2 AMPK, 1R,
IRS1 9 mRNA 7K-F: $#2HEUNRONIZZH 5 RNA
i, Wik AMPK, IR, IRSI Y RNA J ¢cDNA.
3 AMPK, IR, IRSI A cDNA, PCR FEF I3 HE :
95 °C il 25 2min, 95°C7AEME 20s, 55°CiB k 20s,
72°CHEAH 30s, )i 72°CZEH 10min, 3k 35 MR,
WZA GAPDH, 5I¥IF5IILE 1.

*x1 EIk ) =2
A L4 T
AMPK 5-ATGTCAGTAGGATGAACCGTGC-3’ 5"-GTACGTAGCGTGAAACGTGCAA-3’
IR 5"-GCTTGCAAAGCGTGCCGGCTCA-3’ 5"-CTTGCAACGAACAGTACGTGCA-3’
IRS! 5"-GCGTAACGTACGTGAACGTCGC-3’ 5"-ACCGTAAACGTGGTGCAGTAAC-3’
GAPDH 5-CAACGTGCATAACGTAAGTTGA-3’ 5"-GCATGAACGTAGCAGATAGACA-3’
1.3.7 Al BNl 1% ( Western blotting, WB) HEE S (1 P<0.05).
Rzl /N LA 2T AMPK, IR, IRS1 2RIk *2 KHE/MRFBG, HbAlc, FINS K MAG/KF ( x+s )
DIBGE /N WLEHZ, AR AR IO L2 21 i pov. <Ll WA AMPK R4l
P4 2 4241 e BF {— IR R
Eéi;%ggggéﬁgﬁr;%iig QE?&K;};} FBG (mmoll)  660£050  2651£257  13.56+2.57
BRI, U] 4% Bk S FLIE Hoim AKE [R) AR R 4% 40 HbAle (%) 6.30 £ 0.80 1141 +1.02 8.85+0.57
FES TR, Sl )E, KRR AR TS FINS (UL)  3685:216  6638+181  4570:141
PVDF LA I3 B A IR e 2 TC (mmoll.)  155£0.13 214£025 1.78£0.06
WK B A i AP 3t P VR T A 30min,
FH PBST IS 2E/5 . 423153 AMPK., IR 1 IRS1 —4i. TG (mmol/L.) — 0.86+0.09 1.65+0.08 1.35+0.08
PRI XA BT, PBST ¥ UE)G i FH &Gt LDL-C (mmol/L) ~ 0.45+0.07 1.54£0.09 0.77£0.11

ARG i gt

1.4 it o4 KA SPSS 23.0 # bt 8R4
Br, P F e LIS + PR (3xs) R,
Z A A R B 2 5 200, PR LBk H
LSD-¢ Kz 5, P<0.05 N2 HA G245 L,

2 R

2.1 #7& AMPK x4 # fJm s . FBG, HbAlc, FINS
B fg K- ey Rom UL 20 SXTHRAIAH L, HEIR
5 41 /v Bl FBG, HbAlc, FINS, TC, TG, LDL-C
&R (=17.86, 19.44, 63.46, 14.94, 36.01,
29.51) 5 5 0% IR %5 41 48 b, AMPK 34 i 4 /) B
FBG,HbAlc,FINS, TC, TG, LDL-C & &i/X £9.14,
26.70, 56.34, 50.69, 29.08, 12.11) , ZRHAHS

2.2 & AMPK X8 FRJR s RS AR A AR RS L
JERARTF W Hm WHE3, K1, SXTIRAMEL,

W IR i 4 /) B HR, EF, LVFS i 2> (£=56.62,

199.00, 42.50) , LVIDd 4 /il (=176.80) , 2% %
HAS 45 L (¥ P<0.05) ; LVIDs 284k %0
GiitaEm L (=3.46, P>0.05) . SHERIEAIA L,

AMPK i#i%2H/NL HR, EF, LVFS ¥ (+=135.9,

152.0, 41.99) , LVIDd Jig/> (/=203.20) , 27H
Bt X (34 P<0.05) ; LVIDs 284k 22 R o4
i Y (=1.58, P>0.05) . H&E Je(a g5 R s,
SRR AR E, B R 2L /0N RO WLTE] S5 /) i 45 ] PR
R JE GRS R AL L, AMPK 0G4/
RN IK=E 5 ) Ay R
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=3 BHRNFOIIBEIRIRIK R (x+s)
HiH X IR4] insEl AMPK #4541
HR (bpm)  45930+808 411301258  437.00£557
LVIDd (mm)  346+0.12 3.68 +0.04 3.58.0.03
LVIDs (mm)  2.50+0.03 2.51+0.02 249001
EF (%) 6845+1.06  62.43+0.54 65.53+0.75
LVES (%)  3243+130  2572+1.05 2850+ 1.18

B NRONFLENKTE
2.3 #E AMPK A HE s KRB R oK T 6 %
v W 4. SXTREAILL, BRI/ GSH 7K
S (1=5.75) , ROS, MDA KR (1=22.60,

15.18) , ZRHEASGI%E X (¥ P<005); 5
WEPRIR AR L, AMPK 3075 417N 5L GSH /K -3 Jin
(#=19.60) , ROS, MDA /K ¥ J& /> (£32.90,
23.44) , ZRHEAGIEE L (¥ P<0.05) .

*4 &4H/IR GSH, ROS, MDA KELLE (X+s)

A XA B4 AMPK #7541
GSH 100£0.00  028+0.10 0.80+0.08
ROS 1.00£0.00 283025 1.580.10
MDA 100£000  240£0.32 148+0.13
2.4 #E AMPK x4 #E fom KR s L AMPK/IR/IRS1
W EGREGZm RS, SXTEAMEL, B

PRIGUH /N HLZHZT AMPK,, IR, IRS1 Z5 1 ( £=7.00,
433, 3.66) K& mRNA (=261, 5.17, 6.79) F ik
Wb, EFHAGIEE S (3 P<0.05) ; 5FR
AR e, AMPK J07E 2H /0 KOG ILZH 41 AMPK,
IR, IRS1 & [ (r=15.14, 29.44, 17.15) M mRNA
(=11.52, 9.67, 8.49) FikHh, ERHASIT
R (H)P<0.05)

RS BAMNMNROHIAR AMPK, IR, IRSIEA K

mRNA 7KF (X5 )

TiH B4l FERRA AMPK %41
AMPK &1 1.00 £ 0.00 0.18+0.05 0.73£0.10
IR & H 1.00 £ 0.00 033£0.15 0.85+0.06
1RSI &1 1.00 £ 0.00 0.18+0.10 0.70 +0.08
AMPKmRNA ~ 1.00£0.00 025+0.19 0.73+0.13
IR mRNA 1.00 £ 0.00 033£0.13 0.73£0.15
IRS1 mRNA 1.00 £ 0.00 0.33£0.10 0.73+0.17

3 it

Wb S — AR, R . R
R 245 R D ST A MIRIR JB 5 22 2 i B i WL YR Y7 oK
W SR, X URERT IR MBE, TAREIR AR
9 B TR 12, O MR 2 I R DRI O A
T SRR TR N B, BESER R IR R I
U Ty (0 XU /5, FLIZ PT 5 LR LS e R
DIRESH o FRATWFFEEE R Wi R /) Bt A 1
REZKSERG I, OIhfe RO EREs ) R, X SRR
FERFE—EC ", WAL, BEPRIRIEAEAEE Z0 . VB AE
FR) A B QIR o LA S22 HLTR] v R 5 4 P

AMPK J& —F BE i 1% )84, TE AL AE . O
MR FIE PRI TE N 1 2R vh i Rk, JF
TEME PR B IR T v 3] 1 R JBR 15 2R sk
Mo ZRAHIE T TRy S0 ] 5 R i 2% e
MIREAIR, BUR S RARP, 5| 2 g,
01 T2DM 45 M, IR/IRS 7553 % 14 2% 18 7] 5 3801k
By FARHT o L1 AR U R 5 3% 0T A e R R
Z. T8 (caffeic acid para-nitro phenethyl ester, CAPE-
pNO, ) T jifl 37 AMPK/GLUT4/ 4 J5i 4 B itf 154 1
3 B (glycogen synthase kinase 33, GSK-3B)/ id %
ALY BEARE GBS 24K o ( perixisome proliferation-
activated receptor alpha, PPAR o ) iA5A REARAP i
5y B A0 IF R 0 5 R AP, AT T2DM.
SRS SRR I Rt A 1Y, WANG 4 1Y
WFFEFI, PRI L AMPK 4851 1 5 s 84k
ISR e O U R R, TS SO UK
TP PEAIMIAET, GndMagE T dER AR TRt
T, HET, T AMPK/IR/IRST il J& 78S PR O UL
WO b E RIS, R REE . RO R AS R R,
BRI /MU ILZE S AMPRY/IR/IRS 1 38 B4 40tk 3
M, X ERRIRAT, 2 B AERE PR S B L
Db RSN S T DR TR AR,
R AMPK S 45 R o, W R /N B
REZS RIS, IR LG B AR K G

ZE LRTIR, WOm AMPK AT B3 4 PR /D BLIY
OIIRE. S5k B B AR KA S, JF T A
R K SF-, 3 AT fig 5 AMPK/IR/IRS] 3 A
JoE B RARBUAH G, AR, AHEE HOEv L R T
AMPK/IR/IRS1 i % 2 5 5 R /> Bl Co LR £ R A1
Prid e, RAR T PG T EARSHR ST
SE
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