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(HE] B WEHEXRE RIS (insulin resistance, TR) KRAFIELLZ A WAH K H HRIE A,
T REHATT IR BN F57E B Wistar MEVER BN IER A BAAM A, B2 8 K. s+
Plaelch e koo, R =B R FREN, BT 3 Kk, 35 8 . Kl & 4K B 4 5 LB (postprandial
blood glucose, PBG). HEJEHEN 52 (intraperitoneal glucose tolerance test, IPGTT) Iff#. % %%y
£ (glucose infusion rate, GIR). SR REFIKEESS GFP-LC3 JFUkL, WA FAIAE GFP-LC3 ZEOLHE, Western
Blot VER I K B ATFIEH AP E < E 1 %58 3B-11 (microtubule—associated protein 1 light chain 3B-
I, LC3B-1I). p62(sequestosome 1, p62). FEHHM B(protein kinase B, AKT). BEM&{h 2 A
B (phosphorylated—AKT, p—AKT). S ZHEZAEY -1 (insulin receptor substrate—1, IRS-1). WEERILIES &
S ARJEYI-1 (phosphorylated-IRS-1, p-IRS-1)HEHKIL. HR HIEFWALLE, HAEA PR B3F LI (P<
0.01), GIR &3 [#{k (P<<0.01), TPGTT LA /KT ET+(P<0.05), AFEAHLR p62 HFHAFRILEFE LI (P<
0.01), LC3B-II & A RIA B Z F#{K (P<0. 01), IRS-1. p-AKT. p-IRS-1 HxHRIA L EFF(L (P<0.01), GFP-LC3 &k
IR A RO E B R PR IC (P<0. 01) ; HHIRAAHLL, EH4L PBG &35 [ MK (P<<0.05), GIR 2% EJH(P<
0.01), IPGTT ML ZK - B 2 BAR (P<<0. 05) , FFAEZHZ p62 B 1 F0b B 2 BRI (P<<0. 01), LC3B- [T R A RIA 3% 1
T+ (P<0.01), p-IRS-1 HEARIEEFE LT (P<0.05), GFP-LC3 LRI E A7 N%E BE FIF (P<0.01) . 4hie
P T DL o S0 I W v 4 B 5 U R B SR R, BSGE TR.
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[Abstract] Objective To observe the effect of electroacupuncture on autophagy-related protein expression in liver
tissues of insulin-resistant rat models and explore the potential mechanism of electroacupuncture in treating insulin
resistance (IR). Method Male Wistar rats were randomized into a normal group, a model group, and an
electroacupuncture group, with 8 rats in each group. Points Zhongwan (CV12), Guanyuan (CV4), Zusanli (ST36), and
Fenglong (ST40) were selected for electroacupuncture treatment, 3 times a week for 8 weeks. The postprandial
blood glucose (PBQG), intraperitoneal glucose tolerance test (IPGTT) blood glucose, and glucose infusion rate (GIR) in
each group were determined. The fluorescent spot of GFP-LC3 in hepatocytes was observed using high-pressure tail
vein injection of GFP-LC3 plasmid; Western Blot was used to detect the protein expression of microtubule-associated

protein 1 light chain 3B-1I (LC3B-1II), sequestosome 1 (p62), protein kinase B (AKT), phosphorylated AKT (p-AKT),
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insulin receptor substrate-1 (IRS-1), and phosphorylated IRS-1 (p-IRS-1) in rat liver tissues. Result Compared with
the normal group, the PBG increased significantly (P<<0.01), the GIR dropped notably (P<<0.01), the IPGTT
blood glucose level rose significantly (P<<0.05), the liver tissue p62 protein expression increased significantly
(P<<0.01), the LC3B-1I protein expression decreased significantly (P<<0.01), the protein expression of IRS-1, p-AKT,
and p-IR2-1 dropped notably (P<<0.01), and the green fluorescent protein density of GFP-LC3 decreased significantly
(P<<0.01) in the model group. Compared with the model group, the PBG dropped significantly (P<<0.05), the GIR
increased markedly (P<<0.01), the IPGTT blood glucose level dropped notably (P<<0.05), the liver tissue p62 protein
expression dropped notably (P<<0.01), the LC3B-1II protein expression increased significantly (P<<0.01), the p-IRS-1
protein expression increased significantly (P<<0.05), and the green fluorescent protein density of GFP-LC3 increased

significantly (P<<0.01) in the electroacupuncture group. Conclusion Electroacupuncture can activate autophagy in the

liver to elevate systemic and hepatic insulin sensitivity and ultimately improve IR.
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fE S EHEHT (insulin resistance, IR)ZI8HZ
T D1 2 51 D RTATL A %o e B 2 B0 PR AL P — g BEOR
Ao EPAMF TR, BHATGENE A GE IR, FALH]
BFRIREE SR AR RS R(E T
SR BTME RIS R A A T —, FFAE
JIE Jg 12 A PR R v, TR B R B R 2, PRRAEC I O I
Fr AL LA B R AU, G IRV H A2
i iy o A2 A 5 A7 1) L BEBR YT, 1 W T DA 4 R BT
AR ARAS, FFHR IR g 5 R MU T 4100 o 40 i
0, D2 AR AT A g 2 AR IR, A TT i
Fe 18 R B 2R UM R R

HFFCR M, BEH A A B WA E AR E
FA Y AR E AN TR B 5 AL 4 LA S e G O
BN HAFH A o Syt — D BB FLEE X IR RS N IR E
WS R VR, AR TR KRB, s st
iev Kot = HAFEREEU SR  m BUR s S A
W /KA A, ik — B 58 AR T IR (R ENLH .

1 MRSEE
1.1 LRI

40 H 7 FW Wistar HEVEKER, AR (220+
20)g. T4 LI st o O, VR RIS
SCXK (%) 2020-0018 .. JIrA K B, LA 30 1l e} 3 1 47 1)
72 1 J g Tl b PR 24 K %% SPF 2zh b5, K H
HIRESUOK, 12 h HIEAEE . SLi il sy (T
ERFSEIGSIYIIAE SR S A2

Electroacupuncture; Insulin resistance; Autophagy; Microtubule-associated protein 1 light chain 3B;

1.2 FEAFISNE

RTPA 2473 (AS1004, ASPEN) . BCA 25 [ i ik 5 il
sEAR 7 &L (AS1086, ASPEN) « ECL A2 & el ik 71 &
(AS1059, ASPEN) . T B2 1k & 1 i 41 i1 771) (AS1008,
ASPEN), B-Actin HT & (TDY051, K f i ),
p62 (sequestosome 1, p62) — Pt (ab109012, abcam),
WAEMRENR 1 B85 3B (microtubule-associated
protein 1 light chain 3B, LC3B) —3i (43566, CST) «
JigE &= AR EY-1 (insulin receptor substrate—l,
IRS-1) — #i (2382, CST) . B MR 1k JBE & = % 1K %
¥ -1(phosphorylated-IRS-1, p-IRS-1) — i
(2385, CST) « & [1¥4M# B (protein kinase B, AKT)—
B1(9272, CST) « BEERAL 2 H IS B (phosphorylated-
AKT, p—AKT) —P1 (4060, CST), HRP-Goat anti Rabbit
“#t (AS1107, ASPEN) . HLEHRYT X (HANS LH202H, Jb%5¢
HIZ ZRFRHEA R BT A D), W R ES O AL (TGL-16, ]
P A SE G AR T R AR 2 7)), kAL (DYY-6C, b
WS —AXEs) ), FHi4% (LiDE110, Canon), E¥) &
Tt (BX53, BAKELHT) .
1.3 IRBHIR TN

M FE 1SS, BEALIEE 10 DL raph i
7, 8 JH G LB L o 8 HAE IR 40, Fls 30 A LA
L RARL ISR 8 ), H4 IR KRAAL, KT IEw
ZHAR T B P I (E 20% 1 28 K RREEALEL 3 RGN H A6
HBEHE R (glucose infusion rate, GIR), %5l k
BT GIR /NTIEH AL 20% 0N € RIERERLT) . Kt
FC 28 HOK B BEHLIEAT 9 5, JFHkik 16 HBEHL A
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R ZH S5l 2H, B2 8 Ko

e [ B 25— IR ) BB £ R (hyperinsulinemic—
euglycemic—clamp, HEC) #&l| GIR, £H Je R Ak MRS
8 h, TE K BB AR5 R RR, AT R ol FR ki - K
FVESHRA 30% T 2 H L S 4 AR R E K 1) /)
R b, A DR U R I RN RS
fkifn 0.5 mL 0 3 afi fn B . 4 25 DAfE B I E
[0.25 u/ (kg * h) IR S R, & 5 min P 1 ALK
VA% GIR. MBS AU CRFFESEAL M BE £0. 5 mmol/L [l
o FLR M 24 ¥K, 15 60~120 min ] GIR A°FIIME.
1.4 FAE

U Kot B = R TR GHIAT AT T,
RS (U 2% "0 4 HiEH 0. 30 mmX 13 mm
ANFEN A = BRI ERIN 3~5 mm, <0
HE R 3~5 mme Fi% 2 Hz, S8AE 1 mA, ELLDE . [
) f2 = L0 = o 3 2 ) — % 1 R P A AN, e Rl R
ez T — i A A . BR BT, RT3
U, BIK 10 min, FE70 8 A
1.5 FRARE

T g R e, XA 2% K B2 W E W
(0. 25 mL/100 g) &5 R o IO 2H 24 s i
ANBREF . ZJEHEN - 80 CUKHH, F74&HK.
1.6 IEFRAT
1.6.1 #J5I#E (postprandial blood glucose, PBG)
N M8 i B W & 32 38 (intraperitoneal glucose
tolerance test, IPGTT) IfiL

FFRAT ST 8 Ji Ji5, Kb &4 K BT E AR ENIL,
PR i A 52 K B PBG. T3 6 JE S, 4T IPGTT 4%
I, 45V AT R SR B I 2 I A (O min) , AR K B A4
JREEAT 50%H & BRI 5, VER S 30 miny 60 min,
90 min. 120 min FEJRHUIML, K MHHAE -
1.6.2 GIR Kl

T 8 Ji &, T KR & HL 3 RAT HEC Al GIR,
WE 4 B i 5 2R U
1.6.3 KAWL LC3B-1T . p62.
p-IRS-1. AKT. p-AKT &[4 &Lk

B RAE AR 2020 50 mg, IREUSER A, T E 3
WREE, 34T SDS-PAGE HLIK, Z JG#HATHEIE . B¢ E
—¥i[B-actin(1:10 000), LC3B(1:1 000), p62 (1:
2 000), IRS-1(1:500), p~IRS—1(1:500), AKT (1:
2 000), p-AKT (1:1 000) i %, ¥ E —H1 1 h, BE=rh

IRS-1.
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Bt LAp-actin NNSEH, 70 H E B RIA
IKF-e
1.6.4 GFP-LC3 % eA& il

RER T RFERT 45 T i He R iR Ik GFP-LC3 i
¥ 0.166 mL, 4245177 5 d, HEATHUM . HUGH 2 4141
BEAT OCT Q. VKV 9 R e f4m i,
FIFH Image—Pro Plus 23 M1 3462 FE{H .
1.7 FUEFE

fliH] SPSS22. 0 ZEiHHR A x B BT Gt 0 #r .
Fr I AT I TH & OB DAY $ = bRtk 22 20w, 7 22
TR BB 2R U5 22 2y A gk AT 48] LR, JFRA LSD
DHRHTRPI LR . B P<0. 05 R ZERA LR L.

2 #R
2.1 EBENEN

HIEFHIE, EiE S EHAR GIR 23 T
(P<0.05), BB IR K RBIAYHI 2 BT, FELE 1.

30 1

20 -

GIR/ (mg - kg™' *min~")

10 -

L} |
i =

I SIEW AR Y P<0. 05,
E1 BREEHEEASSEEKR GIRFIELE
(x £s, n=3)

2.2 3%HAF PBG. IPGTT. GIR b3

SIER AR, B4 PBG 23 ETF(P<0.01),
GIR .35 T P& (P<0.01) ; HHERYZH LA, Ha4H2H PBG &
Z TR (P<0.05), GIR &% FT+(P<0.01) . 7E IPGTT
S R, 5 4K BRI RV R R 0 30 min 5, fURE KT
T T R SR, SR J5 BT P . Y2 K R IPGTT
IHE KRR S8 T 1R 41 (P<<0. 01, P<<0. 05) ; HLEF
IPGTT IfAE 7K B A T8 20 (P<<0. 05) o V£ LI 2-
K 4,
2.3 3tAKFRAFAEZELE IRS-1. p—IRS-1. AKT, p—AKT
FEEFRIALER

5IEH A A, SR FAEZHZY TRS-1. p—IRS-1.
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p-AKT &% [ 3R1K B 35 PEMIK (P<0.01) ; SR L%,
BB A 4H 40 p-IRS-1 B KRB B E E I
(P<0.05) . IRS-1. AKT. p-AKT & A EEA LT,
BERLGS¥E L (7>0.05) . FHILE 5.
2.4 3EKRAFAELELR p62. LC3B- Il EMEFRIALLE
HIEW A A, BT p62 HEAKRIAR
# BT (P<0.01), LC3B-II & (4 ik B 3 A% (P<
0.01) ; SR L, FEFHIFAEH L p62 EEARE
2 B (P<0.01), LC3B- I A XRIE B LT (P<
0.01). LK 6.
2.5 3AAR GFP-LC3 WAL
SIER LR, B4 GFP-LC3 SRy e
6 R 2 BRAG (P<<0.01) ; SRR bu g, B4
GFP-LC3 Zr a5t H 9 % 3% B (P<0.01) .«
TEIWE 7,

8 =

3 ERE
=3 #aa
[TV 1

PBG/ (mmol - L")

FmAT FHiE
VE: SIER AL Y P<0.01; SR A Y P<0. 05,
2 3fAKER PBGHUELEI (X £s, n=8)

1.5
EA #HRE AaHa
1.0 L
p-IRS-1 180 kDa bl
i
£
M 0.5
B-actin 43 kDa
0.0

2
N7

IPGTT ¥ /(mmol-L-")
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0 min
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VS IER AR U P<0.01, 2 P<0. 05;

ERRIA st Y P<0. 05,

B3 34HAR IPGTT MI¥ELLER (X = s, n=8)

30 =
—_

£ 20 -

E

P

2

> 10—

&

0 T

E#4

1)

e bk

4T

VI SEFAE " P<0.01; SHMHLLE ® P<0.01.
B4 32HAR GIREIELE (X £s, n=3)

= EE4
= RAUE
w—

p-IRS-1

p-AKT

HEAHEMRAE

=]
o
1

S IER A Y P<0. 01; SR L ¥ P<0. 05,

E 5 %AAEBTHE IRS-1. p-IRS-1. AKT. p-AKT EEFIALLE (X s n=8)

o
1

= E&4A
= {REIE
w5 T

IRS-1
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— E&E
== {RAVE
A

l

LC3B-1I

1)

FAENRE

2)
T T
a0

p62

0.0

S IEW A " P<0.01; SEBIH A 2 P<0. 01,
&6 3EKXRAITAIBLA p62, LC3B- | BEFIALE (X 5, n=8)

DAPI GFP-LC

wam .

=F 1 B

Merge

0.025—
0.020—
0.015—

0.010

GFP-LC3iRE

0.005— 1)

0.000 . T
ERA HRRE Bia

W BIER AR " P<0.01; SHRABALE ¥ P<0.01,
B 7 &LAKFR GFP-LC3 SIHMIELE (X £ 5, n=8)

3 Wig

K R K sh ot e TR SE, B RE AT B0
7 IR AHSRBIN, I HA R 224 oA R NS
BN TR Sy . IR T & U,
WO MAIRARRE . Ah e IS T TIRYT . e, R
TG = HUAERENE AT TR BT Y, 56
JUAE = B S5 RE R ARG RIEE 24, /71
MU IEAS,, J8E G [vi) B PR3 A1 22 B P B2 B iE 45 TR A%
PRSI AL, ; B AT Hp e A = B B SR AR IR, A5 BRI
. BWFLRY, MR e aefedt KR LS IR, IF
H Wistar K25 s R TKE R IR dAR RE R e
B TR AN AR AR . IRS-1 55 Akt A& IRHE
FFAE R & R A5 5 AR 7, IRS-1 BEERIL)S, Akt &
AR ERAL, R AT R R R A P, AT TR 2
JOR 5 AR A0 WA S 5, Wi i R T RERRAG o DRI, AR
R @RS, file IR KRR, IRk
Hiffe. Rt = BEAFEREIAT AR . IR
FFAEZLZH A IRS—1+ p~IRS-1. AKT. p-AKT & HEKIX,
AR 52 JFT Ui 2 2% SRR 1k R0 A8 A AR B GIR, BASR

240 By iR B WAUBE I AR b S5 IR R, 5IER AL,
PRI ZH PBG 238 T, GIR S35 FRAIK, TPGTT M /K 1B
& ETF, FFIF4L4Y IRS-1. p-AKT. p-IRS-1 EH KL R
G, SR AR L, HUEH4H PBG WA BRI, GIR B35
EFF, TPGTT IR ZK P B R PR, FFAEZHZY p-1RS-1 &
ARIBRE LI FonmiE a5 R gust
BEAG, S50 IR, T AR YT Re 08 5 1 5 3R U, A
M IR XEIAW P HA—. HFRER,

HWEACE IR S TR 20", IR IR, AFE
W AH DGR R R IR B35 BRI, $27 IR 5T A WK -7
NI, B A2 S8 IR MREK
JR™ .k, FRERCA TR HLEIRF AR B, HRTT
IR IR T2 22 L o) I O 26 RN 7K S PRS2 I, T
72 UG 7 8¢ AR R i A7 P B BE AT, (ELE [ Wk P A DG R0
b, FEHRN NIRRT R P, A58 B R
FAFENT, DEFC BT IR B0 5 FFAE E W KT 26
R, SR ER AT LB BE T A NGE S 8 S
JFF U g 5 2R B, BRI T LR AE VR T R IR, %o BE
AU S Rtk AT T4 7.
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WEMREA 1 %45 3(microtubule-associated
protein 1 light chain 3, LC3)F1 p62 +& H MEAH <K
HERREY, LC3 AT AR A MR EEE . Y
H R R A m s, T B4z =P I N 5 i ARk 2
M, FFEEER IR, i, LC3 &5 H Rl
BUSE B o 227070 LC3- 11 /] S Bt Wy P 7Kk S, 3
HBR, R, S NERgs. LC3 |EILr NZ
WA, Hor LC3B B | W iAEE A, 5 E R R
), Wik g5 A BRI LC3B- 11 K 1% E ETh g™ .
p62 R FAEA, AT LAEYE A K& LC3- 14§ E s
MG, AR T RN B AR AR, p62 BimR
71N W, s RS . 385 5 ' iR W 5 AT 4
Jfl GFP-LC3 % B nT AR b s 0 240 A 5 W, 4 A= 4
i W, 2 SRS S GFP e B R IR L, E
SR PSR AR, ' R R O o AR F 45 R R A T RS
IR KR LC3B- 1T FE HFRIA B E [, p62 B RIAY B
F NI, BT GFP-LC3 6% FE 3 B, Bk ml 4
W HLEF IS T OR BT R4 A

A FEUE S RO 40 A B A R .
SR, BTN R DGR (T LC3- 11 RIA, A
ik p62 [FRIL, (Lt BWERIB E IR EHE. BN
IS R I, FAT ] PR BE S 2R p62 (1)
A, AR A S K R R BB AR,
AL IE IR T OK B BE S 28 2H 2R 0 2 4 B 1 1 W R
PR AR, AR YT P FEAIK LC3 SR,
I p62 HIFRIA, A A AR B A U 2R
EEKP o AT g B SR, Bt AT BRI LC3B-11
Fiks, MR p62 Kk, Ho A REREGE I B R, 5 LA
EARZ A TEARIEA ST

rh BIRAEE, BEHTIER A IR KR4 & K
JUE R & R U, A R IR, HAE FALE BT R 5 1
5 LC3B- 111 p62 [ ak, AT s i A 5%
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