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Research advances in acupuncture for the treatment of obesity through

synergistic regulation of adipose remodeling and central homeostasis
Xue Tingzheng ,Huang Liuyang , Wang Yayuan,Song Yanjuan,Tang Qian,Tian Haoran,lLiang Fengxia
(College of Acupuncture and Orthopedics , Hubei University of Chinese Medicine )

[ Abstract] Obesity has become a global public health issue, and its pathological mechanisms involve energy metabolism imbalance ,
abnormal fat accumulation, and multi—system dysfunction, significantly increasing the risk of metabolic syndromes including cardiovas-
cular diseases and type 2 diabetes. Current treatment strategies have certain limitations in long—term efficacy and safety, and it is ur-
gently needed to explore interventions aligned with metabolic regulation principles. With the features of multi—target and holistic regu-
lation, acupuncture has shown the unique advantage of metabolic remodeling in the treatment of obesity. Studies have shown that acu-
puncture intervenes in the progression of obesity by inducing white adipose browning, suppressing excessive autophagy in adipose tis-
sue, enhancing sympathetic nerve activity in adipose tissue, inhibiting chronic low—grade inflammation, and modulating central neural
circuits. This review systematically summarizes the research progress in the mechanisms of acupuncture against obesity and clinical
evidence over the past five years. It explores the dual mechanisms of action of acupuncture for weight loss in combination with theories
of traditional Chinese medicine,and innovatively proposes that acupuncture can achieve metabolic remodeling through a two—level syn-
ergistic regulatory network involving adipose tissue remodeling and central homeostasis reconstruction. Furthermore, it emphasizes the
significant importance of enhancing the transporting and transforming functions of the spleen and stomach in alleviating obesity,
thereby clarifying the multi-level integrated mechanism of acupuncture in preventing and treating obesity.
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B 15 20 2N AR A R 43 R 11 8 17 ZH 2 (white adi-
pose tlissue, WAT) . K 15 5 4 21 (beige adipose tissue,
BeAT) il (A5 B 2H 22 (brown adipose tissue, BAT)3 FpiF &Y,
Prim A R R A, WATAERE Ry = (H = HRH &) Bt
PRSI , BeAT 1 10 175 5 4 b AR A X 25 1 1 (uncoupling pro-
tein 1, UCP1) 23k S BUE 7 PE 7 44, BAT D3 4o 2 85 J8E 2t
PR AN UCPT A S 2CIE SR ™ A JIE RS TR, BAT,
BeAT KA FIAL" G, 2 i AT e g

3 ok A s 2 2 P AR I 2K 5 LB IR IR 1k,
O HL R A THOE NI h UCPL 3835 . 76 1A s 98 )= 1
e 0 3 3 A U S R B W AT A S UL 3-8t (Phos-
phatidylinositol 3—Kinase, PI3K)/B 2 i F1 5k 71 2 (1 [F] U5 47
(phosphatase and tensin homolog, Pten)/Ifll INBR R AR 1
(thrombospondin 1, Thbs1) 38 F& 3 Jin i 487 % B , #0385 g 17 40
S M UCPT Rk AR TENR I 7 . 1A B 22 a4
D7 T B R SR AT R B WAT rh 38 lgopi 28 6 (i 328 g iy
PRI IR AR AL A BRI, B R
FU WAT H AMP 35 46 25 H 3 B o (AMP-activated protein ki-
nase o, AMPKa ) /UL 2R 877 25 (1 1 (silent mating type informa-
tion regulation 2 homolog 1, Sirt1) {5 53 #% , DL 34 fin g i =
PP #7E"0, HAh, BT BAT 1Y 7 4T AE 5 BAT
Ik AL T A 1 B TS 32 AR y 200 T 1a(peroxisome
proliferator—activated receptor y coactivator 1o, PGC—1a) Fll fox
JFe 2 (irisin) B IB K25 UIAH K, SR HE A5 SR TE R T,
1 03 1 O A P K B WAT o PGC—1/Irisin/UCP1 {55 53
it O i [ AR AN R Y P i i e R N ST RS R Y T N
WAT Hv3F il 2 I 4 8 M B 1 A (protein kinase A,
PKA) — B 12 £k 21 B 9 Jit 1 S B T 1F 25 & 45 H1 (phosphory-
lated ¢cAMP response element binding protein, p—~CREB) [ 7K
AR AR DG R UCPT % i, A2t 1 g b (A
Fh L AT RE e e 21 B SRR AL UCP T Rk, fie
i <Y SEAY P R
1.2 A ) 3] Bg By 4048 B vt B

JIC JHE AR Tf WAT [ Wt 52 0 30 285 00 [ 4 AR A, e ik
5| K HE U 40 M AR R, 38 35 PN J5E I 07 384 (endoplasmic reticu-
lum stress, ER stress) fift & & 4t & 4 1 2 w (unfolded protein

response, UPR) il 3 94 B Mg AH SGHE A 5 U AH DG R 1 1
55 3 (microtubule—associated protein 1 light chain 3,1.C3) Fll
Bel-2 M HAE & 1 1 (Bel-2 interacting protein 1, Beclin—1)
EFIE AHFFLME ER stress 520 WK - 75 B Rl B A5
[R] B 2R A T RE B 7= A 19 75 PR SR )P (reactive oxygen spe-
cies, ROS) Hp[a] i ysd IR FE K —a (tumor necrosis factor alpha,
TNF-a) . 14114 Z -6 (interleukin 6, TL-6) 4T c—Jun 2 K&
K Ui R (c—Jun N—terminal kinase , JNK)/#% [l kB (nuclear
factor kappa B, NF-kB) {55, JE BUCIHH UM B g, IHL,
I 52 AR XL I S0, 3 VT T T ok 52 4 4 L 4% 4
FRARAR S, MiAS 7 4 215 B2 F e D) 5 008 2 Pk 3, o o
NE AR,
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FEOH BT PR AR R B WAT Hh [ T 0 25 2K 11 p62 . FI I
I B AL 1 1 (sequestosome 1,SQSTM1) 35, FEARAHE A1 G
T 5255 3 T A (microtubule—associated protein 1 light chain 3
I, LC3- 1 )/ M & B 8 3 1 % (microtubule—
associated protein 1 light chain 3 1 ,L.C3- [ ) LUAE . Beclin—1 F01
LC3 /K-, il ad B 3 w1, 3 HBF SR R 80 I JHE KRR
WAT H LB B AT R F 2 # 56# 3 (silent information regu-
lator 2 homolog 3, Sirt3) , LAY WAT H [ BEAH 5C 85 11 3R ik
LKL TIRE , I8/ A WA e ME AR A B fiE
VTG AR DR B WAT o 3L 30 ) 7 A 25 R 3L 4R 1 (mamma-
lian target of rapamycin, mTOR )/p70 ¥ BEIAE 11 S6 # i (p70
ribosomal protein S6 kinase, p70S6K ) {5 5 Jli #1 il fig i 1 2 F
W £ BRI B R T AN [R5 5 8 B R T A G R
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B TNF —oc M1 TL=6 3 AN [ IR 38 I 177 v M1
i1 i K 3858 Toll KE3Z 4K 4(Toll-like receptor 4, TLR4)/NF-kB
Al IR S RE N B PE A 2R

B ARS8 3 2 Ak B BT R B O AT AR DA 2L
TESNE GeRg )2 1, BT LR B WAT H TNF-a TL-6 25
{5 T35, B EA4IEA 2 10(interleukin 10,1L-10)
FEIR R UERE U 2 20 M2 2 5 A e AR A0 eI At o4
AEK I I B WAT 2 78 i 45 3bk O 40 i (group 2 innate
lymphoid cells, ILC2) 7E [ €45 [l 2H 23 (¥ LU ) - 48 58 0 43
WA 41 A 2% =5 (interleukin 5,1L-5) . FA 424 Z& 13 (inter-
leukin 13, 1L-13) . F1 41 L 4 5 =33 (interleukin 33, 11.-33) X
11.-13 %2 & (interleukin 33 receptor, ST2) I RE 7, G ILC2 A
SR B R I, 20K TR A A 7 7 A R B A B
PEFI™Y, Behh B i BE G AL N Bl WAT v Sirt] 93534,
BB H] NF-kB [ 11L-6 Ji 3 11X H3K9 2 L WAL A1 T
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family 6 member 2,SLC6A2) HIEA S8 AL i A (monoamine oxi-
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VR T e B L
2.1 APRIAY T LR R R

T e 3 g 9 2R - PR R R A A AR X
¥ A 5 R #% (arcuate nucleus , ARC) BB F- 28 1z 25 J5L (proo-
piomelanocortin, POMC) #f1 £ 5T 5 #1 22 JIK Y (neuropeptide Y,
NPY )/ L AH 56 Ik (agouti-related peptide , AgRP) #122 TTIE A,

FEPUIRAE P25, 73 ) A FEA ] B AR A E B ek T A6 LD SRR
T RARCHPR A E . RSN 8 Rl R R
Jii & 4 52 P& (melanocortin 4 receptor, MC4R ) {5 5l [f- G nl
SR Rt A A E AT W B I, 51 R NPY/AGRP #1120
1o BE PO S BE BT FEA R, S ECE AT S REAEREART

FERIREA ROA AT T i -8 P ARl 22 300 . 51 e
i AR R BT R POMC 2k AR I R ki b AgRP
(A, T E B, A AT 4K, B AR e AU R
A0, A EE A B A AR R BT B Sivtl f 3R
ikl XCKAEEE [ 01 (forkhead box O1, FoxO1) 25 Z AL, #
15 Tl POMC By 3K , AT B Ak 21, [, Salife 25
WEFEUEI B 0 AT W 5 300 E e K BT e i 9 2% (leptin )/
Janus % 2 (Janus kinase 2, JAK2) /{55 %% 5 B 6 5% 300&
F 5(signal transducer and activator of transcription 5, STAT5)
3 G, R R A S RURR T DA T A BT AE
g LTk, BF ) o 8 #58 F B POMC |, AgRP #1482 % 3k |
Sirt1-FoxO1 & W38 {4 164 & Leptin/TAK2/STATS {5 518 # 3
GRIBCAL R, 52 B B kL e A S R BT R B )
2.2 AHRIEART £l K

N Fe ik SR AE 7R A e A HL R HhE A B RYAE M. R
e il S RE AT LAV T Eefid D/ INBE BT 20, fih 4 28 98 HE Ik
SN o BLH 3BT R B, T o ik 9 E 3 ik XU 38 5 o i A
PR . — 5 T ] POMC A oo B PRI B9 i B (5, 00—
77 W AgRP/NPY 4 287014 5 1 £ s, £ 2 U fg F 43
A-TEFERAGFING U S B AR, B3 — g FEAL Y L 9 1E
TEEAEROIE S S B, B R e e A 52 RS JRE A B ik 57 B (blood
brain barrier, BBB) 5¢ 8 P , $ /1N 5t 48 IR % Ak , 106 %  Fe
2 5 TR A5 L BEAR T Fefili v TNF-o (116 3R 35, [ 1L-
10 (33K, TR B b 4 B i ARSI PRI o 255 BT ad 5t
I3 3o 9 P A A 22 S B O, 300 M S A DG S AR
BB, T S AR AR A F
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(nucleus tractus solitarius, NTS) FF [ & Ifil 4 2 #£ ik -1
(glucagon-like peptide—1, GLP-1)#1£5 7T , T I 45 T B B
& M #% (ventromedial hypothalamus, VMH) H AMP 7 1k £
1 i (AMP-activated protein kinase, AMPK) e 1L, 12
HENRWT SRR Al R AEIE . LA, SRS SF BT R B
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