FF RIS D

HF AMPK/mTOR/ULKI i B& 817 B, &1 X5 AE ik /)N
S A AL

I, RAPRT SO, AR, EEE, KT, B, 4T
I Ab s BE 25 KA B Uik B, IR 4300655 “Widba R ER:, iRIX 430061; *Widb A EZ K
FHEEERE, R 430061; ‘AL BEABIE B, BRI 430061 1L ML REAE T R 12T Ik IR
e g oLy, BRI 430061)

[# E] BH R B4R B8 F & 9 %8 (adenosine activated protein kinase, AMPK) /v $L3h 4
F 1 E & ¥ & 9 (mammalian target of rapamycin, mTOR)/unc-51 # & "% ¥ 7 # & 1 (Unc-51 Like
Autophagy Activating Kinase 1, ULK1)45 5 i@ % x fe B /s AT IE B 289 Fem . F7i% :C57TBL/6T s R AL 5
A EFE AR Aol 4 8 R, R B R R AR e RAREA L AR = TR
AR E AT, AR 30min, BB SR, FLEARE, ARG FMESE DR Lee’sIEHRAKRTETA ;BT 4
J& I R M By it 8 5% B s ELISA skl & 2 R n 7 S ¥k e By & Ao o flg w9 0 (i =85 TG ¥ A2 B 85 TC K&
MG LDL-C A5 EEM%&a HDL-C), it ik B F MR IBBG AR S H IR ERM AR T IEARE
R AN AP G &k LR &0 RO IE by BT R 8T SR ;RN b4 O 3 & LR &4 R Ik 4
LR R TAA, R ER SRR A RS B2 0L F o R EZZ PCRE& N &8/ R AT
ME 4822 AMPK .mTOR ULK1 % 48 % % & 14244 3- [| 2 (microtubule associated protein 1light chain 3- I ,
LC3-11) . & " 48 X & B 5(Autophagy-related gene 5, Atg5) . B % 48 5% & B 7 (Autophagy-related gene 7,
Atg7) R AF M B A4 F G (P62) mRNA & i ; Western blot i 4 ] & 28 /0> AT Bk 28 28 AMPK . mTOR
ULKI1., LC3-1] \Atg5 Atg7 .P62#F G kik, R .5 EFMs M/ K Lee sIEH KA T ik b
B M B E TG TC LDL-CAKF 2 F &, M ) F it X3 AUCHA G Am , e By 3 3840 35 2038 7w (P<0.01),
HDL-C 4 2 B (P<0.01), L3 & & fi5 by 28 22 Ao AT BE 2R 2R & 5 3 he (P <0.01) , I3 5 B 2w i AL 72 90 239
K. ElEmBmiedc By Fmiant X, mieds FL, BAXERBEZE, TLXEH/LERRLM, A
wE S Y IR 2 mTOR , p62 mRNA ## p-mTOR/mTOR P62 & & & ik 3¢ 4 (P<0.01) , AMPK
ULKL.LC3-11 \ATG5 % ATG7 # mRNA #» p-AMPK/AMPK ,ULK1.LC3- Il . Atg5 % Atg7 & & £ i B 1%
(P<0.01). B4R L4, w4t & Lee s #a8 AR R & i b M B % TG . TC.LDL-C 4% B &
F I IG R A AUC L 2 F AL (P<0.01) ,HDL-C & &4 & (P<0.01), & & Jis b5 4 2 Ao T M 48 28 & B
Y (P<0.01), B3 FeMrmm A AR Y, B @R A @K A S me A ALY LI E S Baeh
LAY, B0, TS 2 g kFe B BB R, BT JE 2 22 mTOR P62 mRNA # p-mTOR/
mTOR P62 % & & i B A%(P<0.01) ,AMPK ULK1 .LC3- 1l \Atg5 & Atg7 # mRNA #» p-AMPK/AMPK .
ULK1.LC3-11 \Atg5 A Atg7 & & £ &3 m(P<0.01). S8 : 04 % = 2" R AL" T (Lt B IE 8 4, AU 4]
T4 5 A3 AMPK/mTOR/ULKL 4% 5 i 3848 %

[£423R] Jfeik; v 4 AMPK/mTOR/ULKLAE 5@ % ; A 4
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Exploring the Effects of Electroacupuncture on Hepatic Autophagy in Obese Mice via the
AMPK/mTOR/ULK1 Pathway

2,3.4,5

Zhang Ying-rong', Zhou Zhong-yu , Xia Jun-ni', Wang Yi-fei', Zhang Zi-yi', Liao Lu-lu', Wang Jia-jie>*** ('School of
Acupuncture-Moxibustion and Orthopedics, Hubei University of Chinese Medicine, Wuhan 430065; *Hubei Provincial
Hospital of Traditional Chinese Medicine, Wuhan 430061; ?Affiliated Hospital of Hubei University of Chinese Medicine,
Wuhan 430061; *Hubei Academy of Traditional Chinese Medicine, Wuhan 430061; °Hubei Provincial Clinical Research
Center for Acupuncture and Moxibustion in Obesity Treatment, Wuhan 430061)

[ABSTRACT] Methods C57BL/6J mice were randomly divided into three groups (n=8 per group) : normal
control group, model group, and EA group. The Obese model was established by feeding the high-fat diet. The EA
group was received bilateral EA at ST36 and ST25 for 30 minutes per session, 5 times per week, 4 weeks totally. Lee’s
index and body weight were measured before and after treatment. Insulin tolerance test (ITT) were performed after the
treatment. Fasting serum glucose, insulin and lipid levels (including triglyceride (TG) , total cholesterol (TC) , low-
density lipoprotein cholesterol (LDL-C) , high-density lipoprotein cholesterol (HDL-C) ) were determined using ELISA
kits, and Insulin resistance index was calculated. The mass of abdominal white adipose tissue (WAT) and Liver tissue
were weighed, morphological changes in WAT and Liver tissue were observed using hematoxylin and eosin (H&E)
staining. The changes in Liver tissue lipid deposition in each group were observed by Oil red O staining. Hepatic
ultrastructure and autophagy were observed by transmission electron microscopy. The mRNA expression levels of
AMPK, mTOR, ULK1, microtubule associated protein 1light chain 3- 1] (LC3- 1l ), Autophagy-related gene 5(Atg5) ,
Autophagy-related gene 7 (Atg7) , P62 in liver tissue were detected by quantitative real-time PCR. The protein
expression levels of these molecules were determined by Western blot analysis. Result Compared to the normal
group, the model group exhibited significant increases in Lee’s index, body weight, serum glucose, insulin, TG, TC
and LDL-C levels (P < 0.01). The area under the curve (AUC) of ITT was significantly increased, accompanied by
elevated insulin resistance index (P< 0.01). HDL-C levels were significantly reduced (P < 0.01), the mass of WAT and
Liver tissues was increased (P < 0.01). In WAT of the abdominal region, adipocyte diameter was significantly increased
with concomitant reduction in cell number per unit area. Hepatocytes exhibited marked swelling, disorganized
arrangement, and abundant lipid droplet vacuolization. Prominent orange-red lipid deposits were observed,
accompanied by decreased autophagic vacuoles. The mRNA of mTOR and P62 in Liver tissue were upregulated, as
weel as the protein expression of p-mTOR/mTOR and P62 (P < 0.01). The mRNA expression of AMPK, ULK1, LC3-
Il , Atg5 and Atg7 in Liver tissues were downregulated, as well as the protein of p-AMPK/AMPK, ULK1, LC3-1l , Atg5
and Atg7 (P < 0.01). Compared to the model group, EA group showed significant reductions in Lee’s index, body
weight, serum glucose, insulin, TC, TG and LDL-C levels. AUC of ITT was significantly decreased, with a concomitant
decrease in the insulin resistance index(P < 0.05). HDL-C levels were elevated (P< 0.01), the mass of WAT and Liver
tissues was decreased (P < 0.01). In WAT of the abdominal region, adipocyte diameter was significantly decreased,
with an increase in cell number per unit area. Hepatocytes exhibited no discernible lipid droplet vacuolization, with
reduced orange-red lipid deposits and increased autophagic vacuoles. A limited number of autophagosomes and
autolysosomes were observed. The mRNA expression of mTOR and P62 in Liver tissues were downregulated, as well
as the protein of p-mTOR/mTOR and P62(P < 0.01), the mRNA expression of AMPK, ULK1, LC3-1I , Atg5 and Atg7
were upregulated, as well as the protein of p-AMPK/AMPK, ULK1, LC3- 1 , Atg5 and Atg7 (P< 0.01). Conclusion
EA at ST36 and ST25 can enhance hepatic autophagy, reduce body weight, and improve blood glucose and lipid
profiles in obese murine models. The mechanism is potentially linked to the modulation of the AMPK/mTOR/ULK1
pathway. Objectiv To explore the effect of Electroacupuncture (EA) in regulating hepatic autophagy in Obese Mice
via the adenosine activated protein kinase (AMPK)/mammalian target of rapamycin (mTOR)/Unc-51 Like Autophagy
Activating Kinase 1(ULK1) Pathway.

[KEYWORDS] Obesity; Electroacupuncture; AMPK/mTOR/ULK1 Pathway; autophagy
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JHFWEAE g A b i vl s At IR AR
BN HFRER I R R AT RE ZE AL, S BUBR
TR AR, R BT A AR D R 2R — 25
JE) JEF U 6140 1 7 ZR AR, e ¢ BB B R R L =
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PG Shy O B 1 A0 Bl R PT  R 0 R
Wik i 52 450 10 240 G 4% 0 B 0T, AR R A I AR ST I
JUE R AR T A AR O A R A0 M e R i ]
Wk I 5 RN A2 45 40 B A L By 1k AT 2 R B b R Y
FRUE Wl 80 A0 I 3, X T 4 R0 = A O I 4 i
Jigs 195 1R Ak 45 T e A 2, 931 B A3 A OC i 105 1
FRFE A R PR AT IE [ V) A8 2 5 IR T
3 A S B8R BT L A P o R AR R B ¢
KRR, i 420 Ak 7 38R A 1 R S R R
W & H ¥ B (adenosine activated protein kinase,
AMPK) /i 3. 3l ¥ 75 1t % % # & 1 (mammalian
target of rapamycin, mTOR) /unc-51 £ A W& 3 i
fitf 1 (Unc-51 Like Autophagy Activating Kinase 1,
ULKT) il P& 2 45 [ 1 OG5 5 5 5 , AMPK AR
o fE iRz g%, BE G O A0 mTOR W& P, WO
ULKL, fi¢ iF [ g™, ik ox 2 Y, /N B B IR 2 it
Ir 2 M AMPK %5 12 16 9% 3 mTOR B AL, &
BAWETIRE T LM 1 AMPK ULK1 {55 3£k,
MH mTORAE 5235, W AT 58 3 a2 I ik /) LA It
i, 0 T g R

T BIF 5% 2 BHUN e T A s8R R R /DN B
PR T o, o W T AT, 38 BB A I B 6 H
I, A 58 0L i — 20 IRR W BF R A G o AMPK/
mTOR/ULKI1 {553 #% 4 i i E B w8 2] B 16 IE
JHERYAE ] o

1 #RE5FE
1.1 LS ndl

38 H SPF %% C57BL/6INifdc k1 /) Bl (42 ~ 48
KR 20+ 2g, i b s 2 38 ) A2 5056 3h ) R
AR A w43 A m B AE 2R P2 AT HIE S - SCXK
(5F)2022-0030, fi] F& T # Ik 4 v = B 8l 9 55 56
L, B 2282°C, FH XN B 55+10% , B H 5% AT

K120 o BT A /N BUZ S 01 1R 4 TR 55 S OF
R v N RN SR G 7 A N W S T o
4 B AT . AR LA E P EBSTY
SRS P B A RS S P R B
(f) %5 2024015 . SE 56 X/ BRUAY T A 54 34 ™
6 A v AR N IR R B 2 R A A i OC T3
LB IEFHERE L) LH XY
Fehel,

1.2 F2AUE 5l

FEALL AL (RS —XUE ), DYCZ-
40) , ¥ ik fen 150 ML I e AT A 28 3 5 A BR 2
"], H1-16K) , Multiskan FC %! i #% 4% ( Thermo
scientific, 1410101) , FA & %1 Z Ty fig 43 Hr i + K °F
(Ml EiZ2 B FR&ARAF,FAL1204) ,PCRX
(BT MK BRAY #5 A R A &), PR-96) , 0.30 mm X 13
mm JER R — U T B BT R B COR M & 2 A A B
2 Hl ) HANS-200 7 H & 37 97 A (b 5 A28 22 R B
HAHRIAEAF ), WY H HL(FEE Leica RM
2016 %5 XU R ML) B W) W (JE R Fis A, vk
R AL (FEE Leica, CM3050S) , i3 5 1 1 0 W5
(HZ JEOL,JEM-1400FLASH) .

F 3k F . A K K (Sigma, H9627, it 5
SHBS6095) , i1 4L O (Amresco, 0684, it 5 1320-06-
5), K i 1 B ) (southernbiotech, 0100-01, it 5
0000458321 , % 2 it 41 1 77 (Meilunbio, MB12707,
it 5 MBI12707-May-11th) . RIPA % f# W&
(Meilunbio, MA0151, #t % : MA0151-Jul-13th) .
2.5% G (AR 9%) (1= 25 4 4k 2= il 0 A BRA
A, TCI-G0067) Nl ( AR 9% ) (74 Bl B 27 B 403 45 B
23], 13100201) i e it 4% & 48 B0 R & (R ot
Bl Y, KGP150, it 5 20240418) , BCA & H #
BE 2 3K 7 & (GBCBIO, G3522) L 4H 4141 it RNA
IR ) & (R223-01, it 5 7F711L3) . SYBR
Green 5Z Hf %€ J¢ 22 & PCR Wl R W (Q311-02,
7TE71213) ¥ W) B F VAZYME, # 1 marker
(GenScript, M00521, MF028-plus-01, Mei5bio) , 11
Z Pr H i -3- B R B A ( glyceraldehyde-3-
phosphate dehydrogenase, GAPDH ) ( 38 = X ,
AF5003) , PVDF J& (Millipore, TPVH00010,
ISEQ15150) , HRP #5 id 3 #t % = $t (BA1054) |
HRP #8507/ R Pt (BA1051) 340 B T i 19
TAEAE Y TRA A A, /DR S E (SP14098) A%
s 2 1 IE [ B2 (LDL-C) (SP39962) | & % J¥ g
M H [ (HDL-C) (SP14177) |, M JH [ i (TC)
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(SP14914) . H il =& (TG) (SP14979) ELISA i |
a¥E TRINESHEAEYREARL A, REH
AMPK(10929-2-AP) e Z 5t 0 W2 Ak g 1 B2 15 1k 25
1 (p-AMPK) (83924-1-RR) | % £ 3t i iR 1L il
Fsh PR EFHEH (p-mTOR) (67778-1-1g) i
ZHL mTOR(28273-1-AP) . £ Hi ULK1(80218-1-
RR) R ZHMEMXEA LR3I A
(microtubule associated protein 1light chain 3- [I
LC3- 11 ) (14600-1-AP) . % £ bt A W # 5 3 7 5
(Autophagy-related gene 5, Atg5)(10181-2-AP) . f&
Z Pt A WEAH E FE W 7 (Autophagy-related gene 7,
Atg7) (10088-2-AP) f 2 bt & £ Pk 1A Wit 157 422 45 1
(P62)(18420-1-AP) ¥ & T I =G H AR A
({E /N

1.3 Al

ST TR AR R /DN BB AN S 86 F A i
R REE PR SR 1R L 30 AN B4 T v BE i
B FR (60% HE W5 fit B8 = B8 A Ok, 4l b A
XTHF60) . 5 8 H/INE 45 7 3 38 17 o} M 5% 45 g X
B /N BUFE S ST (1 34 AT ) oK, B9 H
TpRHRIK, IR SR S S, 8 J 45 oSS ) it /)N B BT 4t
JIE JHE /0 Bl 32 A B B s 7 Ay 3 A /0N R AR BT e ok
3 )RR /N RS BT A 1 2000 0 e 2% 16 H 1 AR A
Ty i N e /DN BRR FH B AL B8 3R 1 4 N e 2 8 L
HLEF 8 H,

1.4 Tk

TE R 4« A 3 R R 5 8 A R ) 5 T LA
H B 2H A (] A T 2 AR TCH, 15 282 4

JIES P 28 < e MR T IR R, 5 8 A 3 AR BN S T LA
FL B 2L A () 1 T S AN PTCHR, 5 2 4 )

BT 2 - i TRDRE IR IR L 5 8 Jl i B L ) IS AT
HLER T30 FLEF BT 7 R /N BB 2 = L7 R A
R B TS OO S AN A R N SRR
2mm 2247, R AL F/NERETIE P 2R 55T 5 mm, Bik
H A LA 20 mm KB A0 EMMOZ R N B

mm X 13 mm — &P TG 41 % 41 Bl 3 mm 42 41,
XU = L AR " B HANS-200 B e 43, 22 )
SR LR IE AR AR =L R
W, 55 %8 P, B0 % 2 Hz/15 Hz, 58 & 1 mA, £ 3K 30
min, & 8 — ZE B LRy Sk, 4 .
1.5 WERHE bn S A I 5 vk
1.5.1 Lee’s$& %0 B AR o 5 6

SEue ] B HOW SN B AR KRB L 4 TR T

S JE /N B MR R AT I A, 31O Lee s 48
oo Lee” s 48 % i & K
W= K FHR10° /{4 (em),
1.5.2 25 M Il B% K JBR 5 25 T i 56

NEREE 8h, A KK . FHBYIBY /N
K2y 1~2 mm, BRESE/NREE, k0% %
B — 0, FE AR (S 52 B 0 2 B I 2 SR O min Y
i 4% (A (2 B2 A% ) ) o /N BGE Y 30 min Z )5, FF 1
W £ N8 P vE B R R R A W . 7F 15 min, 30 min, 60
min, 120 min W % & H /N B A5 A B[R] A5 A 185 (E
224 /N BR S AS 15F ] B it il 2R 1L 110 AUC AL
1.5.3  ELISA ¥EAG I 2 JI5 & & 22 A i A pd 35 7K ~F-

INRESE —IBIT 258 12h, A HIRK . 2%
% b % 40 (50mg/kg - BW ) I8 I 1 5 R /DN B, 37
MR BRI . 17 % R T # 30 min J5 , & T i 2
AL, 4 °C, 3000 rpm, 5 min— ¥, B0 24K, BT -
K ELISA ¥E A5 /Iy B2 25 1 JBE 5 2= R0 I A P 22 7K
L I B AL RE R S BRI O
Jrig— FHIE X WG E

1.5.4  Jiis 2 5 € R i 4L 800 B i 20 20 5 4G 1
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17 R Bk BRI U, 4T FF R B B A B N R R
g2, A i T R F PRI &, B Pk 41 41,
FH B TR 3 57 IO L R FRICE &, SR S5 85 )
PRGEBTEL 1 mm X 1 mm X 1 mm K/NFRELH LT, A
2.5%0 I T [ E W 1L E 3 4 CCUKAR DRAT L LA
FF 5 SL 35 ST BT WL EE o R A 0 JHF e 4H 2 — 356 43 ik
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1.5.7 35 I vl 45 WL 55 T U 2 288 1 25 4

WU BT 2.5 %6 130 I v R T D 2
AL, TN TR 328 9 KB K 3R AT Epon-812 4 3 14K ¥k
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M E g3 S H BT WSS I JE 4 21 T A A
(LRI AR ZE R MR A WS B L B s /MRS il
R .
1.5.8 Western blot # il AMPK-mOTR-ULKI1 &
53 % (AMPK . p-AMPK

mTOR, p-mTOR ., ULK1) } H W (LC3- 1T .
P62 Atg5 Atg7) 8 H # ik

FREUCE T -80 “CHE AR I vk A6 % 47 19 71 BURT J0E 41
21, RIPA 2L W 240 R FH H S 2 KBTI, 21 0K
JE ¥ EP B T ok b 2%, 24 30 min f5 , £ 4 CF
12 000rpm B > 5 min, B & , >k H BCA 75 2 2K
IR . A 5 HE 1 RS ol (IR FR L 4 iR 401
RA) WK 10min, il 8 M Bl & BER . 7

MUK IR 3 506 AR Wk 1) TBST (3 M)
12 PVDF B, 23R 55 R & 41 2 h, FH 358 A1 30 8 A
N —dt , i PVDF i 6 T — B & Wi, 4 “Cig
FH it B, TBST FE 4 ¥ % PVDF 5 5%, 5 min/ K .
JH TBST H B AR (9 HRP A32 —-$HT 1:10 000 Hi B,
¥ PVDF g F e Wb, S \E R E
2h, ECLEK I ENZEAE 5 . Image-Pro Plus 73 M7 i
RO BEAE , DL GAPDH i I 2 1550 8 11 A X 3% 38
K-
1.5.9  SE B %€ ¢ & & PCR & il AMPK-mOTR-
ULKI1 15 5 i # (AMPK . mTOR, ULK1) & A
(LC3-11 .P62 . Atg5 Atg7) 5 H ik

PR B T -80 “CHB I T vk A A% A7 19 /1N BRUTF I 4
21,510 R FI2H 2V i RNA $2 0 F) 25 32 B4l
2R RNA . I RNA ¥ B K & o, (s %
R & LA ZUE RNA R , J 7% 5 L cDNA | #
PR G B AT 93 . ) PCRAAR LA T | I
ZAFUE AT B PCR A : 95°C5min, 14~ ¥4, 95 °C
10 .60 °C 305,72 °C 20 s, 40 NEF . 45 e 15 e it
LFEF 60 °C 605,95 °C 15s, 1 MEHF, UL GAPDH
N B R, R 229 i % AMPK, mTOR,
ULK1.LC3-1 .P62 Atg5 Atg7 Mixt Fik &, 5149
R

x1 Sl¥MF5
FE ] 44 B S5 —>3") YK / bp
i ACCTGGTGACAATCGGAGC
AMPK o 299
T GGTGGTGGGTATCAACGGG
TOR E# CTGCACTTGTTGTTGCCTCC 164
m
T TGGTCTAGCGTGCGAACAAT
¥ ATTGCCACTGTGCTTGGTTGTA
ULK1 N 129
T CCAGTTGGCCACAAAGCAATA
el i GACCCTAACCCCATAGGAGC Lo
- T TCTCCCCCTTGTATCGCTCT
6o i CCTTGCCCTACAGCTGAGTC -
T CATGTTCCACATCAATGTCAACC
Ates L3 CAGATGGACAGCTGCACACAC 12
toc
g T GGGTTTCCAGCATTGGCTCTA
At i TTGTAGCACCTGCTGACCTG o)
1
¢ T CCTGGAGCCACCACATCATT
i TGTGAACGGATTTGGCCGTA
GAPDH 159

T ACTGTGCCGTTGAATTTGCC

HE AMPK S B 8 B2 0TS A 1R , mTOR S Wi 2L 3 4 35 i 8 2 M0 A 1, ULK 2 une-51 K B W B00E ARG 1, LC3- 11 ik
B L eEE 3-11 7Y, P62 Ry v £ H MEMT 2 25 11, AtgD i H A DG IE R 5, Atg7 i H EAH G FE A 7,
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