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Effect of electroacupuncture on hepatic autophagy in obese mice based on the AMPK/mTOR/

ULK1 pathway

Zhang Yingrong', Zhou Zhongyu®**®, Xia Junni', Wang Yifei', Zhang Ziyi', Liao Lulu', Wang Jiajie**** ('College of
Acupuncture, Moxibustion and Orthopedics, Hubei University of Chinese Medicine, Wuhan 430065, China; “Hubei
Provincial Hospital of Traditional Chinese Medicine, Wuhan 430061; °The Affiliated Hospital of Hubei University of Chinese
Medicine, Wuhan 430061; *Hubei Provincial Academy of Traditional Chinese Medicine, Wuhan 430061; °Hubei Provincial
Clinical Research Center for Acupuncture and Moxibustion in the Diagnosis and Treatment of Obesity, Wuhan 430061)
[ABSTRACT] Objective To investigate the effect of electroacupuncture (EA) on hepatic autophagy in obese
mice by regulating the adenosine monophosphate-activated protein kinase (AMPK)/mammalian target of rapamycin
(mTOR)/unc-51 like autophagy activating kinase 1 (ULK1) signaling pathway. Methods C57BL/6J mice were
randomly divided into normal group, model group and EA group, with 8 mice in each group. The obese mice model was
established by feeding high-fat diet. Mice in the EA group received EA at bilateral “Zusanli” (ST36) and “Tianshu”
(8T25) for 30 min, 5 times a week for 4 consecutive weeks. The Lee’s index and body mass of mice in each group
were observed before and after treatment; fasting serum glucose was measured; the insulin tolerance test (ITT) was
performed, and the area under the curve (AUC) was calculated; the levels of fasting insulin, serum low-density
lipoprotein cholesterol (LDL-C) , high-density lipoprotein cholesterol (HDL-C) , total cholesterol (TC) , and
triacylglycerol (TG) were detected by ELISA, and the insulin resistance index was calculated; the mass of mesenteric
white adipose tissue (MWAT) and liver tissue was weighed; the morphological changes of mesenteric WAT and liver
tissue were observed by HE staining; the lipid deposition in the liver tissue was observed by Oil Red O staining; the
ultrastructure of liver tissue was observed by transmission electron microscopy (TEM) ; the protein expressions of p-
AMPK/AMPK, p-mTOR/mTOR, ULK1, microtubule-associated protein 1 light chain 3 type [l (LC3-1l ), autophagy-
related 5 (Atg5), autophagy-related 7 (Atg7), and sequestosome 1 (SQSTM1/p62) in liver tissue were detected by
Western blot; the mRNA expression of AMPK, mTOR, ULK1, LC3- [l , Atg5, Atg7, and p62 in liver tissue were
detected by quantitative real-time PCR. Results Compared with the normal group, the model group showed significant
increases in Lee’s index, body mass, fasting blood glucose, fasting insulin, insulin resistance index, and ITT-AUC (P<
0.01) ; increased serum TG, TC, and LDL-C levels (P<0.01) ; decreased serum HDL-C level (P<0.01) ; increased
mWAT and liver mass (P<0.01) ; enlarged adipocytes with reduced cell number per unit area in mWAT; swollen and
disorganized hepatocytes with numerous lipid droplets and vacuoles; extensive orange-red lipid deposition;
mitochondrial shrinkage and reduced autophagic vacuoles; decreased AMPK mRNA and p-AMPK/AMPK protein
expression (P<0.01) ; increased mMTOR mRNA and p-mTOR/mTOR protein expressions (P<0.01) ; decreased mRNA
and protein expressions of ULK1, LC3-1l , Atg5, and Atg7 (P<0.01); and increased mRNA and protein expression of
p62 (P<0.01). Compared with the model group, the EA group showed significant reductions in Lee’ s index, body
mass, fasting blood glucose, fasting insulin, insulin resistance index, and ITT-AUC (P<0.01) ; decreased serum TG,
TC, and LDL-C levels (P<0.01); increased serum HDL-C level (P<0.01); reduced mWAT and liver mass (P<0.01, P<
0.05) ; decreased adipocyte diameter and increased cell number per unit area in mMWAT; no obvious lipid droplets or
vacuoles in hepatocytes; reduced orange-red lipid deposition; normal mitochondrial structure, increased autophagic
vacuoles, and occasional autophagosomes and autolysosomes; increased AMPK mRNA and p-AMPK/AMPK protein
expressions (P<0.01); decreased mTOR mRNA and p-mTOR/mTOR protein expressions (P<0.01) ; increased mRNA
and protein expressions of ULK1, LC3-1l , Atg5, and Atg7 (P<0.01); and decreased mRNA and protein expressions of
p62 (P<0.01). Conclusion EA at ST36 and ST25 can promote hepatic autophagy, and its mechanism may be related
to the regulation of the AMPK/mTOR/ULK1 signaling pathway.
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PVDF R T 4w+, ERERTEF 2 h,
ECL ¥& KM BN 5 55 o >R H Image-Pro Plus 7 #1 %
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52 B 2¢O % it PCR % k% il AMPK-mOTR-
ULK1 {5 %5 % (AMPK .mTOR \ULK1) X [ I #H
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- FRECE T -80 CHE AR IR vk A it A7 19 /s BT IDE 41
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B4l 20 58 RNA . I RNA ¥ E K & )5,
J % S ) & DL 4L 4T B RNA R B, 5 5% AL
cDNA, #% Bt 57 & U8 9] 43 BE ) 10 pL 97 39 4K R
(2 pL. 14 cDNA, 0.2 pL. Forward Primer, 0.2 pL
Reverse Primer . 5 pl. SYBR Green Master Mix .
0.2 pL. 50X ROX Reference Dye 2.2.4 pl. ddH,0) .
FH 52 B 2 6 5 i PCRAYHR LA R N 4% 14 1047 2 it
PCR K - #1728 P 95 °C 10 min fF ¥ 1 ¥, 28 95 °C
15 s, i 40 IR K ZEAH 60 °C 60 s, JHH 40K . 1
il i 28 F2 % . 60 °C 605,95 °C 15 s, fE ¥ 17, LA
GAPDH N Z 5 W, ok I 2 % 3F 5 AMPK,
mTOR . ULKIL.LC3-1 .p62.,Atg5.Atg7 mRNA
X R B R I L L,
1.6 Hiilegabrg

fii ] SPSS 27.0 #l GraphPad Prism 9.5 %k 4 &b
PRECHE o T R A B AR U 25 (T Es) R, Y

x1 3519F%
Table 1 Primer sequences
7 )
N SIWFH(5°—>3") KE/
bp

L ACCTGGTGACAATCGGAGC
AMPK R I 299
T GGTGGTGGGTATCAACGGG

mTOR L CTGCACTTGTTGTTGCCTCC 164
T TGGTCTAGCGTGCGAACAAT

ULK1 LW ATTGCCACTGTGCTTGGTTGTA 129
: TiF CCAGTTGGCCACAAAGCAATA

LC3-11 i GACCCTAACCCCATAGGAGC 109
T R TCTCCCCCTTGTATCGCTCT

62 i CCTTGCCCTACAGCTGAGTC 133
P T CATGTTCCACATCAATGTCAACC

Atg5 W CAGATGGACAGCTGCACACAC 196
& T GGGTTTCCAGCATTGGCTCTA

W TTGTAGCACCTGCTGACCTG
Atg7 . . I . 94
FiiF CCTGGAGCCACCACATCATT

. L TGTGAACGGATTTGGCCGTA
GAPDH __, . . 159
T ACTGTGCCGTTGAATTTGCC

1 : AMPK A i 1 2 0T 26 (1, m TOR i 2L 2 1
THIARE R A, ULKL N unc-51 B [ MBS 3% 1,1.C3- 11
N A DC TR 1 1 e 3-TT Y, p62 Nk Bk A WA R 1
Atg5 N H WM SEFE N 5, Atg7 g H AR SERE K 7,

B A7 G B A S A B 22 550, Z 4 ) s B A
BT, W LB LSD ik 45 U7 22 A 57 H
Games-Howell K: 55 . K4l AN 77 G 185040 B, R H
Kruskal-Wallis H B MK 45 . DL P<<0.05 22 % A
Gt m S bR

2 #£R
2.1 BN Lee’ s H550U% A B & 13

RIT T, 5 IE W 4l b, IR AL A 4 B
Lee’ s 78 %03 hn 44 o 2 W] b 4 K (P<<0.01) , 2 5%
A G TR B S R i AR T s AR A AL R
Lee’ sTRE AT 22 R K& 8 X, BITE,
5IE R A R BRI R Lee” s 18 5008 AR o i B
B EF(P<<0.01) ; SR e, H 4T 4H Lee’ s 45
B AR R I s (P<<0.01) . WL 1.
2.2 A HH/N BB A AR G458 b5 L3

5 IE % 41t g, BEAL AL /N R A5 R Il b L 2 B IR
5 KT R B ZEACPT T8 8034 W 3 Tt = (P<<0.01) ,
LRV PR, R AN BR S IR IR LS R R &R
KV B AR H0 R B (P<<0.01) . #F—25
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Fig.8 Comparison of liver tissue morphology of mice in the 3 groups (HE staining)
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