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[ABSTRACT)
ameliorates the impairment of feeding behavior and gastric vagal afferent signaling induced by short-term high-fat diet

Objective To investigate the mechanism by which electroacupuncture (EA) at “Zusanli” (ST36)

(HFD) exposure. Methods The study comprised two parts. In part 1, 42 SPF male C57BL/6J mice were randomly
divided into a normal diet (ND) group (n=14) and an HFD group (n=28). After 4 weeks, HFD-fed mice were subdivided
into an HFD group and an EA group (n=14 each). The EA group received EA at bilateral “Zusanli” (ST36). Stimulation
parameters were: 2 mA, 2 Hz/15 Hz, 20 min/session, once daily, 6 sessions/week for 2 consecutive weeks. Body
weight was recorded weekly. After the intervention, 24 h food intake was measured. Liver wet weight, inguinal white
adipose tissue (iWAT) wet weight, and epididymal white adipose tissue (eWAT) wet weight were recorded. Gastric
emptying rate was assessed using the phenol red meal test. Serum cholecystokinin (CCK) concentration was measured
by ELISA. Protein expressions of protein gene product 9.5 (PGP9.5) and calcitonin gene-related peptide (CGRP) in the
gastric antrum were evaluated by Western blot. The co-expression density index of PGP9.5 and CGRP in the gastric
antrum and c-Fos expression levels in the nodose ganglion (NG) were detected by immunofluorescence staining. In
part 2, another 32 SPF male C57BL/6J mice were fed an HFD for 4 weeks and then randomly divided into 4 groups (n=
8 each) : sham operation group, sham + EA group, vagotomy (resection of the gastric vagal branches) group, and
vagotomy + EA group. The acupoint and intervention parameters were the same as above. Body weight, 24 h food
intake, liver wet weight, iIWAT wet weight, eWAT wet weight, the co-expression of PGP9.5 and CGRP in the gastric
antrum, and the number of c-Fos positive neurons in the NG were measured. Results Compared to the ND group,
4-week HFD feeding increased body weight, liver wet weight, and adipose tissue (iWAT and eWAT) wet weights,
while decreased gastric emptying rate and serum CCK levels(P<0.05). The relative protein expressions of both PGP9.5
and CGRP in the gastric antrum were down-regulated( P<0.05). Meanwhile, the co-expression density index of PGP9.5
and CGRP in the gastric antrum was reduced ( P<0.05). The number of c-Fos positive neurons in the NG decreased in
HFD-fed mice (P<0.05). Compared to the HFD group, EA treatment reduced body weight, 24 h food intake, liver wet
weight, and adipose tissue (iWAT and eWAT) wet weights (P<0.05). EA also increased gastric emptying rate and
serum CCK levels (P<0.05). Moreover, EA up-regulated the relative protein expressions of PGP9.5 and CGRP as well
as their co-expression density index in the gastric antrum (P<0.05). Finally, EA increased the number of c-Fos positive
neurons in the NG (P<0.05). In the vagotomy experiment, compared with the sham operation group, the sham + EA
group showed a significant decrease in body weight, food intake, liver wet weight, adipose tissue wet weight (P<0.05).
After gastric branch vagotomy, however, the regulatory effects of EA on body weight, food intake, liver wet weight,
and other indicators were weakened. Similarly, after surgery EA did not exert a significant modulatory effect on the
co-expression level of PGP9.5 and CGRP in the gastric antrum or on the exprossion of c-Fos-positive neurons in the
NG. Conclusion Short-term HFD leads to desensitization of gastric vagal afferent signaling, manifested as
impairment of local gastric vagal sensory nerves and a decrease in the number of activated neurons in the NG. EA can
suppress food intake by repairing gastric vagal afferent signaling.
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Fig.2 Comparison of wet weight of liver and white adipose tissues of mice in the 3 groups (Z+s,, 8 mice/group)
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Fig.3 Comparison of gastric emptying rate and serum
CCK content of mice in the 3 groups
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Fig. 4 Comparison of the expression levels of PGP9.5 and
CGRP proteins in antral tissue of mice in the 3 groups
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Fig. 5 Comparison of the co-expression density index of
PGP9.5 and CGRP in antral tissue of mice in the 3 groups
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= (P<<0.05)., WK 6,
2.6 H 2K E M2 U Bk BELIBT F B R AR BRSO i (R
1 R 23 5 4 1

Shy ) B K GE 2 A BIE R SRS
RETHZHAEME ) ZUBRARM/NR . B
EFFimss 1, SIFARA LK, TR+ i d
JIN B A R R R R IR (P<<0.05) 5 1 5 T AR 4 ke
B, FAR WA N R T R 22 R g L
ERETHME2E, SBRFRALK, BFARA+E
ERed /B IAR R 3 R R (P<<0.05) 3 5 F R 4]
Pb A, TR + F g 2 /D B 5T ot B SR (P<<
0.05). 24 hEE B R R BN, 005 BFRHANTF
AR AR T A+ AR TR + 5T 4L/ B
R T HE(P<0.05), #F—La0HF AR HE
R AR B ORI ), 25 R R 5 IFAR + B
GUARH , F AR + ALY 48 B AR b R B R AIT
(P<<0.05), W7, SEFARALE, HFR+H
2R /0N BRI T L B YA 1 € i T A 2R A 2
P16 i 107 20 200 3 34 B 3 BRI (P<<0.05) 5 i 5 TR
4 HR, F R A F AN BRUE BT 1 €6 R 7 41 48
H R (P<0.05) , {H L 1% = L B 52 1 6 i A 4
LR ELFH LG EE L. WAS,
2.7 B RRE M U] B BE UK B 1Y 5 1 S DT P 42
55 W1E

H5\FRALE TR+ B4 /NREEX

1EHH e =2 HUE2H

c-Fos

254

204

& 154
i
=101

IS = = R A
I :c-Fos J il 5 F Fos 811 c-Fos FHMER IR AL 6,
FRR =50 pm. SHIE# 4, "P<<0.05; 5 &I 4 thixg,
P<<0.05,
Eo HHNREKMETH c-FosPHEMZTHEILE
(B ALEE,Tts,,4 LR/AH)
Fig. 6 Comparison of the number of c-Fos positive
neurons in the nodose ganglion of mice in the 3 groups

(immunofluorescence staining, T+s;, 4 mice/group)



+ 694 - Acupuncture Research
301 FRa
e 5 et PR
29- 4 50
= 28 : o # g4 -
gj 27{ |l * e : &30
* =2 11 20
26+ 1 10
2 R D LS S s >
SRR R D R R OB B O IR
PR PSS A A A A
RPN S P VK ¥ M
N\ N N\

THEH1E THGHE2JE

T ST ARAILE, P<<0.05; 5 FARA LE,"P<0.05; 5 BT AR+l E A 15, “P<<0.05,
7 BREHZVBRABEANRERERBREBLILE (7,8 RR/A)

Fig.7 Comparison of body weight and food intake after gastric vagus nerve resection of mice in each group

(x+s;, 8 mice/group)

5 0. .15+ PEREHIE G 0.5 HHE2E GHE;
0.4
18] o o
i = 0.05 i 02
0.5 0.1
TR D D N N Y
. . I S S
A & R A AR A
EF CFE CFE A
< & &

0 S5 FARA N, P<0.05; 5 F R4 L #,"P<<0.05,
B8 BEREMZVBRESHANRARBELR (r+s,,6 RFR/AH)

Fig. 8 Comparison of wet weight of tissues after gastric vagus nerve resection of mice in the 4 groups

(z+sz, 6 mice/group)

B PGP9.5 5 CGRP 1y 3t 3 ik % J& 48 %4 b (P<<
0.05); FAR+HEHAS FARAMN Z R LG T2
o W9,
2.8 2R IE M2 U B BH BT H B DO 2R b 2
2 e E

SBFARA BT A+ f s 25 b 2
B c-Fos FHPE R 2 o 80 B3 7+ /5 (P<<0.05); 5 F R
H A, TR+ HL A e-Fos BHPE 1 28 o B0 i 25 5
TGt L. WA 10,

3 g

(R DA MR A H KA A
LN S K G S DN RS DG - G TR/
B, LUAE B 7 48 78 TR A5 A i T el TR ik
A5 YR R B . BURITSEIE T, & RE IR
B2 5 5 AL OB PR S AR P B e A,
IR W I T A AL LA AT B i = Ok
HE

A =R e PR 4 A EE R AL KR A

G AT R = L v AR A Y RE
AL IR E T 5 —80, AR
e 00 IR OB 2 R /N ORI R )L = HLT
F B T 9L A O R I T AL
BEMM RS BRE S RIKACAT LU
A6 BR R G B4 N AR A 5G4 FOKOF R R % 58
i A1 JE AL A 25 T R MUK BE R A, DA 1
B AR ok e O T R N AN R
14 AT A%, R 3R JHN (10 S e e YL ol
[ VN 06 A0 iR - i CCK AR i T 5 3 40 o, 938
T B I 2 KRS B CCK-A 244K 3 3 26 5B 18 A
2 2 F 1 NS IR AZ (NTS) #2480 DL 1 18
JERUT S ok T i 42 SR B A 2 0 B AR e Y B AN 2R A
T8 E R R AR RO IR R R LR
ol Ak 2 L A 8 v ok A JERE A A A% 8 2 1k T N
T, T R AR RS SR TR R
BIA B FE R, o MR Tk R 2% 5% e Bl Ak g o fik % 1Y
CCK/M 55", [An, @Ak &gl B W &
& AL B 1) S 71 A A A o 4 T R Y, iR



FF RIS 695 -

PGP9.5 CGRP Merge

fleFARA

TR+
HEA
0.5 .
0.4
FARA
5 0.3
Foo
0.1
o

FAr &w% N &W% N
L & & LF

Pl &%
&

T PGP9.5 R E LN 4 9.5, CGRP A FEES R AL NASCIK . PGPI.5 FIMER A WL &, CGRP FHTER L L
H LA N Oy 2R H IR X AR R =50 pm, ST AR E, " P<C0.05,
B9 BREHEZVKAEEHENRERHLPGPISH CGRP EREFEEH LR
(R R, 745,,4 LR/H)
Fig. 9 Comparison of the co-expression density index of PGP9.5 and CGRP in antral tissue after gastric vagus nerve

resection of mice in the 4 groups (immunofluorescence staining, r+s, 4 mice/group)

BFARA T A+ LB

FAR+EE A

FARAL
5_
o "N
5 ) 5
é@% SN
\'%ﬁ_ &%‘X /&%X
&

H:c-Fos MR FE N Fos 88 H o c-Fos FHPER A WL 4 bR =50 pm. SHFRAHE, P<0.05,
El10 BREMEVBRAEESENRERHET R c-Fos HEWMETHELL R
(RERNEE, 15,4 RR/A)

Fig. 10 Comparison of the number of c-Fos positive neurons in the nodose ganglion after gastric vagus nerve resection of

mice in the 4 groups (immunofluorescence staining, T+s;, 4 mice/group)

IR R G G A AL RIS S 3tk , T RE MR SR L 3R s M IRtk S H
ﬂnﬁﬂﬁﬁﬁﬁo AR, AR NERRERE [
TFECCCK L I B HE 2z RAYFEAL, R W i g 5l S Y kA 28 A AR A AE LR # 22 AJE
B R R (IR B A AR RN R T AR R A, X G g gk g 52 4K

5
=k

v 1 A



© 696 -

Acupuncture Research

TR REAG DU ALIAR 5 o 1142 > 8 40 1) 2K GE 15 A ZF
I ==y I TN T VA RE e AN SRR IE & SRS
£, PGPI.5 8 )12 FIAE“Z il 450" I b & ™,
CGRP 7£ H 7 i 28 70 52 ) W B 4 0 0, 2 1815 ' 3
J1 M e HE 2 KT R AT CGRP 5
PGP9.5 H A i A 46 0 A 5€ i) 18 52 B AL ) 4o 22 DA b
26U IR AR Ak, 45 5 6 B R N K £ R R ) HL 3
Rk, c-Fost& Fos# A F Z G — b1, R L MY
M2 TTIGPEAR I, BT LA ZE A B 58 1, e-Fos [A] B 4
O RGEI Z5 R B 2671 (48 2R E MR T AT ) N
TR e B SRR SR KB T M &
AL ICIE . 25 BARR S IRARAS AR A 1
e AETZHh, S/mEREA L,

XA R E AT B &M B TG R,
FEMAREFEE Z B YOk R R AT R, A
5% 1A BA P T #0 bR T HILARER 32 2% " 1 AR T
A8 L BB 0 Ao R T ok A A 2 7 R A R L
W . Pk, 45 8 2K GE 1 A 55 30K R g
B A5 5 TR 7 1 S B R A

PRAT W5 3/, ok A A 20 S A )< = LT O
SRR AT R R L R O R B A
NG, HESEHMEMLAMLSWE) g x
JERE NTS FIokE M4 W AY. THES
BEAR RS BT = L RE IS NTS #1200, I
AR AR Y ARHIE Y WA E A =L
B i RO A L AR 0 W) S SR AT N c-Fos #
ik $E R o PR R IR A2 B R R b 22 AR ST
e S mE“E =B EMIOBEA X, W THE LK
TIE 2 A 28 10 1 FH L A HF 5% 4k 52 356 FH s R AR 1 TR 3R
M R EMZ B/ 50—, B RoEm s
YIBK 2 5, BBl s 7 2500 4iE 3R 0400 1 458 12 A 50R
W, o 5t % H E %8 PGP9.5 il CGRP 4k 3 35 % i 45
B0 1 T 1 FH g BEL DB [ e A e R i 22
N c-Fos R A A B, DL 7EH % E
P2 B /0N B DA O 55 1) ) B A B A AR BT
Hox AL (S SR T RE A 5, MR R 8 B H ik
EMAFESERdRERHEAERESDNREER
GLSEERINE

AR R BIE 5% 38 S 4 A R E 2 YRR /N BN
JECGE A 2 BRIC ), B E T R AT X Pk R R S
(498 TV L (RS TG 3k 58 4 HEBR P9 a2 R S8
R R/ W B 2 1 SR A R I A L EZI A RE Y N EAIN
B, LA E— A5 PR bR 0 ok E R 2, T
BT B b A N R BT AR T BLE o RS FE AR S

WLEER], H ok E wi R UTER T, B 80 2500 S 3R
0 BB A ROCR R R BLA, $ s L B D80 RO AN
i 5 B I ROT AR B S8 A0, UL o OE g 2
LR = LT AR e 4 B0 T AR A E— Y 3 B,
M AL 7 2K A M 22 e i RE AU JLAR 2 DI RE , R
AL i — LR R X WA

5L AR e s B R = L AR A o
REE M 2 AR AR T A IR RN R AR
) L 9 5 RE B R R 2 AL R SR AL TR IE S
LA AL R B )7 S50 7 B4 TR R XS
FlaE R PrA R A WAL AE RS oh o o AR & TR A
T2 (HAR S 5A I L

S Xk

[1] CHENY H, MICHALAK M, AGELLON L B. Importance
of nutrients and nutrient metabolism on human health[J]. Yale
J Biol Med, 2018, 91(2): 95-103.

[2] TEO P S, VAN DAM R M, WHITTON C, et al
Consumption of foods with higher energy intake rates is
associated with greater energy intake, adiposity, and
cardiovascular risk factors in adults [J]. J Nutr, 2021, 151
(2): 370-378.

[3] NEFTI W, CHAUMONTET C, FROMENTIN G, et al.
A high-fat diet attenuates the central response to within-meal
satiation signals and modifies the receptor expression of vagal
afferents in mice [J]. Am J Physiol Regul Integr Comp
Physiol, 2009, 296(6): R1681-R1686.

[4] DAIF, YINJY, CHEN J D Z. Effects and mechanisms of
vagal nerve stimulation on body weight in diet-induced obese
rats[ J]. Obes Surg, 2020, 30(3): 948-956.

[5] YIN J Y, JI F, GHARIBANI P, et al. Vagal nerve
stimulation for glycemic control in a rodent model of type 2
diabetes[J]. Obes Surg, 2019, 29(9) : 2869-2877.

(6] HAr= . AR A SR 22 s BUOIR & T fa i R[], &
YIRS, 2015, 12(3) : 53-54.

DAI C X. Present situation and development trend of
implantable nerve stimulator in the world (in Chinese) [J].
Biotech World, 2015, 12(3): 53-54.

[7] Gao Y, Wang Y, Zhou J, et al. Effectiveness of
electroacupuncture for simple obesity: a systematic review and
meta-analysis of randomized controlled trials [J]. Evid Based
Complement Alternat Med, 2020: 2367610.

(8] Apmt, sz, SATAT, &5 . B T A2 00 5 AR B gt R 3R

I LAl E B Y e TR A [T ]t AL B R - B 2 B AR
&, 2022, 24(6): 2472-2480.
JinJ, ShiZ X, Huang Q Q, et al. Acupuncture point selection
rules for simple obesity based on data mining technology (in
Chinese) [J]. World Science and Technology-Modernization
of Traditional Chinese Medicine, 2022, 24(6): 2472-2480.

(9] ghis, kb, XUk . 8 77 PR IE Bk 3l 4 A58 2 1) 52 38 BIF 5%
(7). hE 2538 4], 2002, 18(4) : 466-467.



Bt BT 5

697

[10]

[14]

[15]

[16]

[17]

SUN Z, ZHANG Z C, LIU Z C. Experimental study of diet-
induced obesity animal model (in Chinese) [J]. Chinese
Pharmacological Bulletin, 2002, 18(4): 466-467.
HE BT R o LB S W L A AR S E AL S 3ER A /D
RLTTEFHIBESE L 2021,46(05) :445-446.

China Association of Acupuncture-Moxibustion. Nomenclature
and location of acupoints commonly used in laboratory
animals. Part 3:mice(in Chinese) [J]. Acupuncture Research,
2021,46(5) :445-446.

SCHWARTZ G J, BERKOW G, MCHUGH P R, et al.
Gastric branch vagotomy blocks nutrient and cholecystokinin-
induced suppression of gastric emptying [J]. Am J Physiol,
1993, 264(3 Pt 2): R630-R637.

REIEIY, B/, TR, S5 A [RS8 IR
e K L1 W12 3l D) i e ' 52 1 3 WL Ras [R] 504 5 TR 20 1
B A/ G A M IR R OB AR S R AA M S e [T R AT
FE, 2018, 43(3): 169-174.

WU X F, CHEN X L, ZHENG X N, et al. Effect of different
stimulating strength of electroacupuncture on gastrointestinal
motility and RhoA/ROCK signaling in gastric antral smooth
muscle (in  Chinese) [J].
Acupuncture Research, 2018, 43(3): 169-174.

NAGY C, EINWALLNER E. Study of in vivo glucose

in diabetic gastroparesis rats

metabolism in high-fat diet-fed mice using oral glucose
tolerance test (OGTT) and insulin tolerance test (ITT)[J].J
Vis Exp, 2018(131): ¢56672.

JACOB T, SINDHU S, HASAN A, et al. Soybean oil-
based HFD induces gut dysbiosis that leads to steatosis,
hepatic inflammation and insulin resistance in mice [J]. Front
Microbiol, 2024, 15: 1407258.

KRR, WRH, REE, 55 A S IR I S A IE R
BT M OBR AR LY 7 1 SR A St IR - O 1 R g 28 g7
FIE M [T, §H RIS, 2020, 45(1): 27-32, 45.

SONG Y J, CHEN R, LIANG F X, et al. Effect of
electroacupuncture on silent information regulator 1, fork head
transcription factor O1 and proopiomelanocortin in the
hypothalamus of rats with obesity induced by high-fat diet (in
Chinese)[J]. Acupuncture Research, 2020, 45(1): 27-32, 45.
RE, BWF, R, 5 082 =B EH SRR E R
B 2 3 W2 E A AfE S HL ()], W2 B E 2y, 2024, 35
(11): 2698-2704.

YU Z, WANG Y L, SONG X, et al. Mechanism of
electroacupuncture at Zusanli regulating vagal afferent signal of
gastric motility in rats fed with short-term high-fat diet (in
Chinese) [J].
Medicine, 2024, 35(11): 2698-2704.

g SR EAT W M g (D] P E R R R
2021, 51(4): 438-449.

ZHAN C. Neural regulation of feeding behaviors (in Chinese)
[J]. Scientia Sinica (Vitae), 2021, 51(4): 438-449.
GAUTRON L, SAKATA I, UDIT S, et al. Genetic tracing

Journal  Li-shizhen Traditional ~Chinese

of Nav1.8-expressing vagal afferents in the mouse[J]. J Comp

Neurol, 2011, 519(15): 3085-3101.

[19]

[21]

[24]

[26]

[27]

[28]

[29]

[30]

[31]

NASSEL D R, WU S FE. Cholecystokinin/sulfakinin peptide
signaling: conserved roles at the intersection between feeding,
mating and aggression [J]. Cell Mol Life Sci, 2022, 79
(3):188.

DUCA F A, ZHONG L, COVASA M. Reduced CCK
signaling in obese-prone rats fed a high fat diet [J]. Horm
Behav, 2013, 64(5): 812-817.

KENTISH S J, VINCENT A D, KENNAWAY D J, et al.
High-fat diet-induced obesity ablates gastric vagal afferent
circadian rhythms[J]. J Neurosci, 2016, 36(11): 3199-3207.

CAMILLERI M, GRUDELL A B M. Appetite and obesity:
a gastroenterologist’ s perspective [J].
Motil, 2007, 19(5): 333-341.

BERTHOUD H R. Vagal

Neurogastroenterol
and hormonal gut-brain
satisfaction  [J].
Neurogastroenterol Motil, 2008, 20 Suppl 1(1): 64-72.

BROOKES S J H, SPENCER N J, COSTA M, et al.

communication:  from  satiation  to

Extrinsic primary afferent signalling in the gut [J]. Nat Rev
Gastroenterol Hepatol, 2013, 10(5): 286-296.
MATSUMOTO K, SUENAGA M, MIZUTANI Y, et al.
Role of transient receptor potential vanilloid subtype 2 in lower
oesophageal sphincter in rat acid reflux oesophagitis [J]. J
Pharmacol Sci, 2021, 146(3): 125-135.

PUJO J, DE PALMA G, LU J, et al. Gut microbiota
modulates visceral sensitivity through calcitonin gene-related
peptide (CGRP) production [J]. Gut Microbes, 2023, 15
(1): 2188874.

WANG F, SUN W J, CHANG L, et al. cFos-ANAB: a
cFos-based web tool for exploring activated neurons and
associated behaviors[ J]. Neurosci Bull, 2021, 37(10) : 1441-
1453.

SRINIVASAN S S, ALSHAREEF A, HWANG A, et al.
A vibrating ingestible bioelectronic stimulator modulates
gastric stretch receptors for illusory satiety [J]. Sci Adv,
2023, 9(51) : ead;3003.

LIU S B, WANG Z F, SU Y S, et al. A neuroanatomical
basis for electroacupuncture to drive the vagal-adrenal axis[J].
Nature, 2021, 598(7882): 641-645.
DONG S, ZHAO L J, LIU J, et al. Neuroanatomical
organization of electroacupuncture in modulating gastric
function in mice and humans[J]. Neuron, 2025, 113(19) :
3243-3259.el1.

HOOHE, B, KA, AF . AR = B TR R KR
HAZ GLP-14 il s g B /N R A OF 52 [T ], i 2 [ 1 [
24§, 2025, 36(15): 2974-2980.

XIAO W H, WANG Y L, XU T C, et al. Electroacupuncture
at Zusanli acupoint (ST 36) inhibits food intake in high-fat diet
mice by modulating GLP-1 in the ileum and nucleus tractus
solitarius (in Chinese) [J]. Journal of Li-shizhen Traditional

Chinese Medicine, 2025, 36(15): 2974-2980.

W fm B #:2025-09-16 &[] H 1 : 2025-10-16



