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Advances in the regulation of orexigenic/anorexigenic
neuropeptides and signaling pathways by metabolic bariatric
surgery
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Abstract Metabolic bariatric surgery is an effective intervention for obesity and related metabolic disorders.
Beyond substantial weight reduction, it modulates orexigenic and anorexigenic neuropeptides and their
signaling pathways to improve energy homeostasis and metabolic function. This review summarizes the
regulatory effects of various bariatric procedures (such as Roux-en-Y gastric bypass and sleeve
gastrectomy) on orexigenic neuropeptides and anorexigenic factors, highlighting the involvement of key
signaling pathways including mTOR and AMPK. These mechanisms contribute to weight control,
enhanced insulin sensitivity, and remission of metabolic diseases. By integrating central and peripheral
regulatory processes, metabolic surgery provides new biological insights into individualized obesity

management. Future research should focus on interindividual variability and long-term neuro-metabolic
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adaptations to optimize surgical outcomes and improve metabolic health.
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A BRI T AR WO B - FREER S TR R
T AR 7 LA ] 32 228 AL 4% 5% i TR
(Roux-en-Y gastric bypass, RYGB) . & #ll R ¥ B AR
(sleeve gastrectomy, SG) FRT T R A . X
TR T R WA R N TE R S W R
M A T AR, R R AR B O i R AR S A e
WG, 2 Y OBE JR 5 (type 2 diabetes mellitus,
T2DM) . e I AR B A A A S R
L E S

JE JpE B R S ARG 5 i 1 4 BRI RN 2 B
THEa e, AR R, 2022 4F 2 BRIE HEAE A
C i 1012, 43% M RAFE NREE . IR RS2 i 14
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1.1 RYGB

RYGB J& —F# WL AR i sl | F R, E2Ead
I A 25 A R I B s RS R A R
ZF AR MK B 5 — AN R — A
KETFHE, IE/Nm 0T B S L H Y 2% 5%,
MR I8/ B 48 A RS FR IR . RYGB AN BE S
FRARR R, I GE A RE SN0 B AR OC AG 1R
YO o AN, RYGB ARG, B ML B /%

ik, HERZEEIMH ZMKYY (peptide YY, PYY)
(VG R A S S R (AR R YN N
BEACHH . RYGB 8 1 38 fin i %0 fiF 12 -TGRS {7 5 1%
U mTORC {55, L 40 R 3 A 3R R K 1
(glucagon-like peptide 1, GLP-1) B =4 . TGRS-
mTORC {5 5 38 i 1 TG 2 RYGB AUl 1 b (19 5C 4
B, Ay JIE TR OB PR 9 T L5 i T i AR AR
1.2 SG

SG J& o3 — M AT AR TR, TR R
TR R 20 80% M, R AAAR AR, 5
RYGBHHLL, SG B9 T A I R AR ] 8, 4K 52 I [ 4
oSGty B A RS A, R R
HmdoR i, mE IR R, BEIREm.
WFFERB, SG T HUAT &5 1 & g i 20 21 GLP-1 Al
Jik i B OFE K 1 52 1K (glucagon-like peptide 1
receptor, GLP-1R) Ry ik/K ¥, [F B W & B A5 A
i 4 23 v — Bk JE K B 4 (dipeptidyl-peptidase 4,
DPP-4) B 215K 5 15 A SG A 840 35 HE ik 75
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HSG A, A — 26 HAh i A TR 5L,
B W 4 R (laparoscopic adjustable gastric banding,
LAGB) Al 0 i 43 % K (biliopancreatic diversion,
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X1 R AR, T A R > T B
M EEA R BeAh, B YLEER BRI AT R S A =
FHEAE R DG, LR85y £ /ORI g il . Rt
BYLER R WA E ARG /O PR E HEN
EH .
2.2 #ZRLY (neuropeptide Y,NPY)B{E A K& 254k

NPY J& — Fl £ FP X AL AN JE 2R e 3 Rk 1Y
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W F ARG, NPY BRB MG LA T BEEk.
AR JG NPY K] RE 25 FEAR, Mmook, 2 it
PR BT IR . NPY 1 3 AL 2 22 P A S i
WIE SRS RAERWMHEEAEM . RE, NPY R
I /0 W] RE 5 A P R D A 7 R AV RN B T FE A 3G
A Ko WA, NPY 6 AT B IE o 52 Wi B ) 5 i R
g, WA JE B EMARURR A AR BT B,
NPY 1742 Ak AT fg 2 A i TR 5 & /oy 19 &
BHHREZ -7,
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3.1 5-#ff&(5-hydroxytryptamine,5-HT)lif &

S-HT 2 — Fh 8 22 A 2008 i, 32 25 7E rh fiK
SRGEMGE T EEMEH . PR ERB, 5S-HT £
B ORI AR T R OCHEVE T . AR e
FARG, 5-HT & SRR RSN, "T/EHT T EK
Ab 5-HT Z 44, Mfl & HOHE S RE = AR . ULAh,
5-HT i 2 5 0 75 R 5 38 4 00 R0 4 4 WA, DT
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nesfatin-1 & — IR TR, 52 LKEMNE
JCAH FAE DD O IR B W A, HAE T B Rl
BmiE Tz o, Wike 58817 R &R
B AEEBEBOEKAR, 2 nesfatin-1 87 73 A KRB
g 25 1, BB W Tl AR MR, JFHEY
A 1 5 nesfatin-1 97 A B 22 [8] 2 7UAH G, 76 ™
AR E PRI W EA SR, P18/
AR A IL-18 FF M iE PR AR 24T & %, BT R
255 R Z R A 3 (NOD-like receptor
protein 3, NLRP3) f#fb il . A HFREN, @
1f 9 RS M AR AR BT i 4%, NLRP3 I P
REAIG AT SO0 AR 40 B DR /K OF- T B, AT IK E 4T
RINEALH . H FTW A A5 K B nesfatin-1 75 BE 1
A NERE . BERRACH . M L O R A
BRI, H nesfatin-1 58 A8 38 19 A0 B ¢ R 76 1R
RiZWi AR r PN = B E, IR EiE—
W&
3.3 a-EBEHERHHZE (a-melanocyte-stimulating

hormone, a-MSH) HJiE#=

o-MSH A J2& A 3 o R 5 52 iy 98 50 5
o -MSH 7E v AX B 28 3 40 rf 2 A 42 & ) i 7E AT,
AE 0% 38 5 BTG N B I 1 R A A2 ROk D B R
R, B E F ARG, o-MSH /K FA] fg
T, N R B AR . Ak, o-MSH
w5 Re AW . AR N MR LR A R ) ek %
YIRS . 3 3 8 Y o -MSH 7K S A %50 32 161 & aoF
R A . I, o-MSH 72 & F R 5
A FIE N, B Y AR e P
3.4 HtEXEF

HAAH SE B F B0 PYY A1 GLP-1 764808 F T R
Ja B A AL R AR E AT e . PYY J& — F i I 38 4 W
MM, FEFEHZEMSHEFI R mER. F
ARJG, PYY BY7KF i 38 hn, X A B T3 5 1f i
B, W EY AP, GLP-1 B E F AR R
Wy, BROE IR R W Ah, b BRIk S
B HE 2 R i AR R R R P X SR B A B
A PR I8 75 AL 1 78 AR S5 A T 487 BRI 38 ek 3 rh
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41 THE Y BIREZHLE B (mammalian target

of rapamycin,mTOR) 5 Si@ &

mTOR J& — Fl 5 BE OR 5T 19 22 2 12/ 05 2 % 2 1
BOmE o, A BEOME BE UL OBE W B OAH OC B OBE
(phosphatidylinositol-3  kinase-related kinases, PIKK)
B G . mTOR A7 78 P R AS [ (14 4 4L 7 &
2 AY, mTORCL Ml mTORC2, “EATHA A K4
AN HERY . mTORC A5 53 i 75 A 2T Jpk 19 18] LA
K T2DM IR AE S5 5 Hh & HE 3 S 5 T 6 3 i
Y AR iR R A SR . ES HigR
VA A RO, Re T IH AR R IR T IR 2
Fr, 390 AE 2 TH FE B9 24 355K B AT R R A DX — R
R AE B YT 7 =P, mTORC2 = A hy i 19 WL 3
FG (PI3K) 5 5 1% 5 A9 RN I8 15 48 Jf A7 3%
VA L 208 A, S B SR O O ) N R R
ik B A K 1 (insulin like growth factor 1,
IGF-1) 18 2 XF PI3K (1 38 1% Ake Al & K {5 5
i ) A R UERLN, Y X mTORC I8 45 52 58 B
FHAL S W ELAE, mTORCL {55 vl LLid i oA T B i
125 4 T ) £ R 52 e RE T FE L T e R R
REELIE AR DY TP S5 A, AT AR Y A R 2 &R
5 (sympathetic nervous system, SNS) WIWEsh .,
Z . SNSTE I 5 BE 1 1 #E A W P 7 #Arh i o DG B
ER™, At k8, Eidp3-H EREZIk-E
18 il A (protein kinase A, PKA) {5518 K 0TR
mTORC1, A& #F F1 605 7 fs A, 81 5 @05
FEARE DT, B LR B E AR, mTORCL 1% P ik
AT DA b B AR TN 7 240 B R i % UL 4 R 52
M fE T AR . BFZE W], mTORC 38 a3 3 45 WUAK &
F A (SERCA) F1HLAG A5 F1 A 2% 3k K ik 1 ok i 45
PRI TE S L B IR Tsel 19/ B (TSC
mKO ), UL 40 s mTORC #5223 JF 76 Ik %
P Atp2a2 (SERCA2) FiLHfin . = #H 5w DL &
YR E TSI RE R AT 3G 5 Y RIFRERSEA
Wb, Ml T mTOR {5 538 B%, A2 3F 7 400 [ WA
A9 . X B B W AR ] R I R U
R AT A BT i 5% U0 AR OGP S A BT R B
mTOR i #% 1 I 55 18 5 15 7 40 Jl 2 BE 09 2038 A ¢,

FAR G B W5 4L mTOR 15 538 B 16 VERE K, A Bh
TR 5 1 05 A5 R 80 B B HEAR o T A B 9 Y
mTORC1 F1 mTORC2 5 &A1& 4 HLil , 774 1 d %
MIAS RS, A 356 4 4 B i 22 RN R . 1R S KT .
RAE RN LRGN H, BB ES TR E
WARR S ISR, BAEWRE HAEmEERES
T Y IEH mTORCL & M, 1E bk 15 B s R Qa5
Wb ) 28 4 T N

4.2 RRFEERE W E 8 3B (AMP-activated protein

kinase , AMPK) {5 5@ &

AMPK 75 5 3 [H 2 20 i A8 45t - £y 11 O g 8 Y [
T, AR EE TR X AMPK 15 53 B 119 5 T 1 4% 52
Ko T ERAERN TS RGN RN EE
#E, AT LAAZ AMPK {5 55 38 % 5% e 15 1 94 755 2 AR
PR R, BRSO B, AMPK £ SR . 15
Moo FRNGE S N KT G A X
Fik, BRI T 7R A R AR R R
AMPK 2= & A 5 NP i 228, LR I AMPK 35 P 3
g, PR ET AMPK {E PEUSS . BLAh, AMPK AT DL
bR T W T R S NPY R R BB B 22 6 Y 3 5K 0k
I/ B AMPK GE % 5 mTOR 38 B% A AH 5 45 &
oA, ZH W ILE AR E N . PR, &
R TR 1 S6 B 1 (ribosomal protein S6 kinase B1,
S6K1), VE & mTOR T I 1) 22 24 5 1% 46 8 1 B
o W R R ZRIE Y (insulin receptor
substrate, TRS) 4 ST101 4% &5, A Uk 55 PI3K 3 %
PTG . FEE FR W SR, S6K1 HF SL G
SRR S F PO S & AL ES S S6K1 i i [ i 41
Jitl N AMP 7K S Ok #4 i AMPK™ . =% %, S6K1 5
AMPK JE 5 R K, 85 R fk AMPK [ S491 13 45,
Tl AMPK (9 3035 o PR Bb i S6K 1 I 4 A T i
T A W3R o R YU PEVE . s E F R 5 N B
A TR A AR 4, AMPK 935 15
B\ WG 9R . AMPK 8930 £ 1 15 7 IR 41k 0 4 4 0
T, AR TR RS TR R R U
PEST PRI, AMPK {5 5 38 % A 98 75 2 A8 i
F ARG SCE AR — A~ FHZHLH .

5 MREBEFAIMEREFTERNIGKR M
51 FREMNEL

AR BT R 7 R BT A B P R B B AL
Heo WRREUERD], AR TR 2 4 I RE S B

http://www.zpwz.net



2262 W E AR A R

5 34 4

AR T D, O 208 R 0T 3k 50%~70% . SR
M, AJ5HE T EIEIE— R AR, #B5r BE nl hE
BARF R S, LHAEARE 3~5 . HRdE
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BEAN, 0 B R 2 AR g RS A A R AR AR
A B F R, Wik, RIGEE KRR
EHEEGSLEAR, DHEESRE, L
SE AP AR T A it
52 RiHERMNHE

AR U EE R B ol 2 P A B R AR . DF
PR, FORJE BE A T2DM | 0 L5 P M
I S AR 25 A A A OG99 1 R AR R R E R AIK .
i, #47 RYGB B35, 24 80% ) T2DM & %
FEA S5 ST OB R 9% 10 22 A o 8 AR T AR P Ak,
TR G B R 05 I L B R IR 0 BT 455 4 QI 1
I Y A3 A5 B T PR IR SE Y, I Bl s R AN 4R
TR AR S T, R T e R XU
26 WA 1 0 T T R 7 1 a2 AR 0 f i Oy T B Ay
I TR 7 3
5.3 DIEERMNTSEZHEN

O BRI AL 2 PR 7R AR R S R
EHPMEEEEMO ., RSB E R R GO
T N A, 0 A T AR A R 2 g DA RO
A 7 B IE Y, BESE R, B A0 DR
2 SCHE e 57 BE B B A5 R 3R R AR R AR
A REZW ., A SRR R EE S B
SIS TR ORAR R 5, 0 T RS A4 R i A B Y AL
TR TR IR Y Tk ke R R R fe B AT R 1A
A5 R R R B AR e DA Y, Rk, 0
AL 2 S R0 T WS i, A4 R I7 ik M/ hal,
e At m ARG RE N ARG S, RIEH
R

AR S0 25 AR TR R B R 4 A
TR AAE o3BT AR AR S 0 B AR B 5 AR
W R A OC R o % TR X s IR A R T s
FEFE i 2E B RN Y Re AT A ), RSl
%A b 2 5 e AR 3 R G SR R, R A O E
5O AT AN R IR A, O AR AR I L 4
B FARNALRE E , 838 o 2 FhHL I8 T
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B AR iR YT SRR R K

RECHRFRZEIAA, HERFRT L

http://'www.zpwz.net

TEA AT TR RN 28 5, AR EAE . ARG D5 X
s B IA 3R A 2 B2 W T AR OR o R R I I Ay i
SRR, SRR RBCSIHLE] e B i R R Y
I AEAE B, ST R RCR A e A e
Shy e A A el R TTRR )

VEZ Tk FER . IHEHN LR E L ¥ 8
Bk BEF AL Lk, B R E Ry N ; S0
SRS AG HEAT P AS K, PR R A L,

AR FIAEE FARE LA ZF R,

&% st

[1] Castagneto-Gissey L, Casella-Mariolo J, Mingrone G. Bariatric/
Metabolic Surgery[J]. Handb Exp Pharmacol, 2022, 274:371-386.
doi:10.1007/164_2021_565.

[2] Li M, Gong W, Wang S, et al. Trends in body mass index,
overweight and obesity among adults in the USA, the NHANES
from 2003 to 2018: a repeat cross-sectional survey[J]. BMJ Open,
2022, 12(12):¢065425. doi:10.1136/bmjopen—-2022-065425.

[3] Cho YK, Jung CH. Metabolically healthy obesity: epidemiology,
criteria, and implications in chronic kidney disease[J]. J Obes
Metab Syndr, 2022, 31(3):208-216. doi:10.7570/jomes22036.

[4] Maruyama T, Ueta Y. Internal and external modulation factors of
the orexin system (REVIEW)[J]. Peptides, 2023, 165:171009. doi:
10.1016/j.peptides.2023.171009.

[5] Caiazzo R, Marciniak C, Rémond A, et al. Future of bariatric
surgery beyond simple weight loss: Metabolic surgery[J]. J Visc
Surg, 2023, 160(2S):S55-S62. doi:10.1016/j.jviscsurg.2023.01.005.

[6] Sandoval DA, Patti ME. Glucose metabolism after bariatric
surgery: implications for T2DM remission and hypoglycaemia[J].
Nat Rev Endocrinol, 2023, 19(3): 164—176. doi: 10.1038/s41574—
022-00757-5.

[7] Tizmaghz A, Bahardoust M, Hosseini M, et al. Changes in body
composition, basal metabolic rate, and blood albumin during the
first year following laparoscopic mini-gastric bypass[J]. J Obes,
2022, 2022:7485736. doi:10.1155/2022/7485736.

[8] Lin AS, Shuman JHB, Kotnala A, et al. Loss of corpus-specific
lipids in Helicobacter pylori-induced atrophic gastritis[J]. mSphere,
2021, 6(6):¢0082621. doi:10.1128/mSphere.00826-21.

[9] Sangiao-Alvarellos S, Theofilatos K, Barwari T, et al. Metabolic
recovery after weight loss surgery is reflected in serum
microRNAs[J]. BMJ Open Diabetes Res Care, 2020, 8(2):e001441.
doi:10.1136/bmjdrc-2020-001441.

[10] TL4R - ARIFAAKR Sy, I8 - AT, Ek e, 26 itk 1 DIk


http://dx.doi.org/10.1007/164_2021_565
http://dx.doi.org/10.1136/bmjopen-2022-065425
http://dx.doi.org/10.7570/jomes22036
http://dx.doi.org/10.1016/j.peptides.2023.171009
http://dx.doi.org/10.1016/j.peptides.2023.171009
http://dx.doi.org/10.1016/j.jviscsurg.2023.01.005
http://dx.doi.org/10.1038/s41574-022-00757-5
http://dx.doi.org/10.1038/s41574-022-00757-5
http://dx.doi.org/10.1155/2022/7485736
http://dx.doi.org/10.1128/mSphere.00826-21
http://dx.doi.org/10.1136/bmjdrc-2020-001441

55 10 9]

IHEY,F RBBEFARERE/REMEEFRETRE N TR 2263

ARIHT GLP-1/DPP-4 it it 4 i B JPEAT /N B AR I 8075 S i s 42
FERIVER]. RS MR, 2024, 33(7):1100-1110.
doi:10.7659/j.issn.1005-6947.2024.07.009.

Maimaiti* YSRYL, Yusupujiang:YMIJ, Wang YK, et al. Effect of
sleeve gastrectomy in regulating the GLP-1/DPP-4 pathway to
inhibit oxidative stress-induced adipose inflammation in obese
mice[J]. China Journal of General Surgery, 2024, 33(7):1100-1110.
doi:10.7659/ j.issn.1005-6947.2024.07.009.

[11] Samuel I, Ben-Haroush Schyr R, Arad Y, et al. Sleeve gastrectomy
reduces glycemia but does not affect cognitive impairment in lean
SxFAD mice[J]. Front Neurosci, 2022, 16: 937663. doi: 10.3389/
fnins.2022.937663.

[12] Han Y, Jia Y, Wang H, et al. Comparative analysis of weight loss
and resolution of comorbidities between laparoscopic sleeve
gastrectomy and Roux-en-Y gastric bypass: a systematic review
and meta-analysis based on 18 studies[J]. Int J Surg, 2020, 76:101-
110. doi:10.1016/j.ijsu.2020.02.035.

[13] Vallois A, Menahem B, Le Roux Y, et al. Is laparoscopic bariatric
surgery as safe and effective before and after age 60?Results from a
propensity-score analysis[J]. Surg Obes Relat Dis, 2022, 18(4):520~
529. doi:10.1016/j.s0ard.2021.12.011.

[14] Chung AY, Strassle PD, Schlottmann F, et al. Trends in utilization
and relative complication rates of bariatric procedures[J]. J
Gastrointest Surg, 2019, 23(7): 1362-1372. doi: 10.1007/s11605-
018-3951-2.

[15] Mani BK, Osborne-Lawrence S, Metzger N, et al. Lowering
oxidative stress in ghrelin cells stimulates ghrelin secretion[J]. Am
J Physiol Endocrinol Metab, 2020, 319(2):E330-E337. doi:10.1152/
ajpendo.00119.2020.

[16] Serrenho D, Santos SD, Carvalho AL. The role of ghrelin in
regulating synaptic function and plasticity of feeding-associated
circuits[J]. Front Cell Neurosci, 2019, 13: 205. doi: 10.3389/
fncel.2019.00205.

[17] Jastrzgbska W, Boniecka I, Szostak-Wegierek D. Validity and
efficacy of diets used for preoperative weight reduction among
patients qualified for bariatric surgery[J]. Pol Przegl Chir, 2021, 93
(2):53-58. doi:10.5604/01.3001.0014.7953.

[18] Schalla MA, Unniappan S, Lambrecht NWG, et al. NUCB2/
nesfatin-1-inhibitory effects on food intake, body weight and
metabolism[J]. Peptides, 2020, 128: 170308. doi: 10.1016/j.
peptides.2020.170308.

[19] Turkoglu F, Guler M, Erdem H, et al. Effect of bariatric surgery
procedures on serum cytokine and Nesfatin-1 levels[J]. Surgeon,
2023, 21(5):e287-e291. doi:10.1016/j.surge.2023.03.002.

[20] ¥ 1, T2 . Nesfatin-1 5B 5C R U E R[], PR R
AR B, 2024, 49(6): 832-838. doi: 10.11817/j. issn. 1672~

7347.2024.240113.

Cao YT, Wang W. Research progress on the relationship between
Nesfatin-1 and glucose metabolism[J]. Journal of Central South
University: Medical Science, 2024, 49(6):832-838. doi: 10.11817/j.
issn.1672-7347.2024.240113.

[21] Bottari SA, Cohen RA, Friedman J, et al. Change in medial frontal
cerebral metabolite concentrations following bariatric surgery[J].
NMR Biomed, 2023, 36(7):e4897. doi:10.1002/nbm.4897.

[22] Christiansen CB, Trammell SAJ, Wewer Albrechtsen NJ, et al. Bile
acids drive colonic secretion of glucagon-like-peptide 1 and
peptide-YY in rodents[J]. Am J Physiol Gastrointest Liver Physiol,
2019, 316(5):G574-G584. doi:10.1152/ajpgi.00010.2019.

[23] Miedzybrodzka EL, Gribble FM, Reimann F. Targeting the
enteroendocrine system for treatment of obesity[J]. Handb Exp
Pharmacol, 2022, 274:487-513. doi:10.1007/164_2022_583.

[24] Larraufie P, Roberts GP, McGavigan AK, et al. Important role of
the GLP-1 axis for glucose homeostasis after bariatric surgery[J].
Cell Rep, 2019, 26(6): 1399-1408. doi: 10.1016/.
celrep.2019.01.047.

[25] Lampropoulos C, Alexandrides T, Tsochatzis S, et al. Are the
changes in gastrointestinal hormone secretion necessary for the
success of bariatric surgery? A critical review of the literature[J].
Obes Surg, 2021, 31(10): 4575-4584. doi: 10.1007/s11695-021~
05568-7.

[26] Brown EJ, Albers MW, Shin TB, et al. A mammalian protein
targeted by Gl-arresting rapamycin-receptor complex[J]. Nature,
1994, 369(6483):756-758. doi:10.1038/369756a0.

[27] Christoffersen B@, Sanchez-Delgado G, John LM, et al. Beyond
appetite regulation: Targeting energy expenditure, fat oxidation,
and lean mass preservation for sustainable weight loss[J]. Obesity
(Silver Spring), 2022, 30(4):841-857. doi:10.1002/0by.23374.

[28] Sarbassov DD, Ali SM, Sengupta S, et al. Prolonged rapamycin
treatment inhibits mTORC2 assembly and Akt/PKB[J]. Mol Cell,
2006, 22(2):159-168. doi:10.1016/j.molcel.2006.03.029.

[29] Hu F, Xu Y, Liu F. Hypothalamic roles of mTOR complex I:
integration of nutrient and hormone signals to regulate energy
homeostasis[J]. Am J Physiol Endocrinol Metab, 2016, 310(11):
E994-E1002. doi:10.1152/ajpendo.00121.2016.

[30] Liu D, Bordicchia M, Zhang C, et al. Activation of mTORCI is
essential for B -adrenergic stimulation of adipose browning[J]. J
Clin Invest, 2016, 126(5):1704-1716. doi:10.1172/JCI83532.

[31] Tran CM, Mukherjee S, Ye L, et al. Rapamycin blocks induction of
the thermogenic program in white adipose tissue[J]. Diabetes,
2016, 65(4):927-941. doi:10.2337/db15-0502.

[32] Lopez RJ, Mosca B, Treves S, et al. Raptor ablation in skeletal

muscle decreases Cavl.1 expression and affects the function of the

http://www.zpwz.net


http://dx.doi.org/10.7659/j.issn.1005-6947.2024.07.009
http://dx.doi.org/10.7659/j.issn.1005-6947.2024.07.009
http://dx.doi.org/10.3389/fnins.2022.937663
http://dx.doi.org/10.3389/fnins.2022.937663
http://dx.doi.org/10.1016/j.ijsu.2020.02.035
http://dx.doi.org/10.1016/j.soard.2021.12.011
http://dx.doi.org/10.1007/s11605-018-3951-2
http://dx.doi.org/10.1007/s11605-018-3951-2
http://dx.doi.org/10.1152/ajpendo.00119.2020
http://dx.doi.org/10.1152/ajpendo.00119.2020
http://dx.doi.org/10.3389/fncel.2019.00205
http://dx.doi.org/10.3389/fncel.2019.00205
http://dx.doi.org/10.5604/01.3001.0014.7953
http://dx.doi.org/10.1016/j.peptides.2020.170308
http://dx.doi.org/10.1016/j.peptides.2020.170308
http://dx.doi.org/10.1016/j.surge.2023.03.002
http://dx.doi.org/10.11817/j.issn.1672-7347.2024.240113
http://dx.doi.org/10.11817/j.issn.1672-7347.2024.240113
http://dx.doi.org/10.11817/j.issn.1672-7347.2024.240113
http://dx.doi.org/10.11817/j.issn.1672-7347.2024.240113
http://dx.doi.org/10.1002/nbm.4897
http://dx.doi.org/10.1152/ajpgi.00010.2019
http://dx.doi.org/10.1007/164_2022_583
http://dx.doi.org/10.1016/j.celrep.2019.01.047
http://dx.doi.org/10.1016/j.celrep.2019.01.047
http://dx.doi.org/10.1007/s11695-021-05568-7
http://dx.doi.org/10.1007/s11695-021-05568-7
http://dx.doi.org/10.1038/369756a0
http://dx.doi.org/10.1002/oby.23374
http://dx.doi.org/10.1016/j.molcel.2006.03.029
http://dx.doi.org/10.1152/ajpendo.00121.2016
http://dx.doi.org/10.1172/JCI83532
http://dx.doi.org/10.2337/db15-0502

2264

g E %

SRR R 55 34 4

excitation-contraction  coupling  supramolecular  complex[J].
Biochem J, 2015, 466(1):123-135. doi:10.1042/BJ20140935.

[33] Baraldo M, Zorzato S, Dondjang AHT, et al. Inducible deletion of
Raptor and mTOR from adult skeletal muscle impairs muscle
contractility and relaxation[J]. J Physiol, 2022, 600(23): 5055-
5075. doi:10.1113/JP283686.

[34] Linde-Garelli KY, Rogala KB. Structural mechanisms of the mTOR
pathway[J]. Curr Opin Struct Biol, 2023, 82:102663. doi: 10.1016/].
$bi.2023.102663.

[35] Zou Z, Tao T, Li H, et al. mTOR signaling pathway and mTOR
inhibitors in cancer: progress and challenges[J]. Cell Biosci, 2020,
10:31. doi:10.1186/s13578-020-00396~1.

[36] Zhang X, Huang F, Chen X, et al. Ginsenoside Rg3 attenuates
ovariectomy-induced osteoporosis via AMPK/mTOR  signaling
pathway[J]. Drug Dev Res, 2020, 81(7): 875-884. doi: 10.1002/
ddr.21705.

[37] Li X, Cheng K, Shang MD, et al. MARCHI negatively regulates
TBK1-mTOR signaling pathway by ubiquitinating TBK1[J]. BMC
Cancer, 2024, 24(1):902. doi:10.1186/512885-024-12667-y.

[38] Mannick JB, Lamming DW. Targeting the biology of aging with
mTOR inhibitors[J]. Nat Aging, 2023, 3(6):642-660. doi: 10.1038/
543587-023-00416-y.

[39] Andersson U, Filipsson K, Abbott CR, et al. AMP-activated protein
kinase plays a role in the control of food intake[J]. J Biol Chem,
2004, 279(13):12005-12008. doi:10.1074/jbc.C300557200.

[40] Minokoshi Y, Alquier T, Furukawa N, et al. AMP-kinase regulates
food intake by responding to hormonal and nutrient signals in the
hypothalamus[J]. Nature, 2004, 428(6982): 569-574. doi: 10.1038/
nature02440.

[41] Toda C, Santoro A, Kim JD, et al. POMC neurons: from birth to
death[J]. Annu Rev Physiol, 2017, 79: 209-236. doi: 10.1146/
annurev—physiol-022516-034110.

[42] Wu X, Xie W, Xie W, et al. Beyond controlling cell size: functional
analyses of S6K in tumorigenesis[J]. Cell Death Dis, 2022, 13(7):
646. doi:10.1038/s41419-022-05081-4.

[43] Copps KD, White MF. Regulation of insulin sensitivity by serine/
threonine phosphorylation of insulin receptor substrate proteins
IRS1 and IRS2[J]. Diabetologia, 2012, 55(10): 2565-2582. doi:
10.1007/s00125-012-2644-8.

[44] Selman C, Tullet JIMA, Wieser D, et al. Ribosomal protein S6
kinase 1 signaling regulates mammalian life span[J]. Science, 2009,
326(5949):140-144. doi:10.1126/science.1177221.

[45] Hu M, Zhang D, Xu H, et al. Salidroside activates the AMP-

nonalcoholic

activated protein kinase pathway to suppress

steatohepatitis in mice[J]. Hepatology, 2021, 74(6):3056-3073. doi:

http://'www.zpwz.net

10.1002/hep.32066.

[46] Shimura T, Sunaga K, Yamazaki M, et al. Nuclear DNA damage-
triggered ATM-dependent AMPK activation regulates the
mitochondrial radiation response[J]. Int J Radiat Biol, 2024, 100(4):
584-594. doi:10.1080/09553002.2023.2295297.

[47] Zefreh H, Amani-Beni R, Sheikhbahaei E, et al. What about my
weight? insufficient weight loss or weight regain after bariatric
metabolic surgery[J]. Int J Endocrinol Metab, 2023, 21(4):e136329.
doi:10.5812/ijem—136329.

[48] Abboud DM, Yao R, Rapaka B, et al. Endoscopic management of
weight recurrence following bariatric surgery[J]. Front Endocrinol
(Lausanne), 2022, 13:946870. doi:10.3389/fendo.2022.946870.

[49] Smith CE, Dilip A, Ivezaj V, et al. Predictors of early weight loss in
post-bariatric surgery patients receiving adjunctive behavioural
treatments for loss-of-control eating[J]. Clin Obes, 2023, 13(4):
€12603. doi:10.1111/cob.12603.

[50] Xu TQ, Kindel TL. The role of weight control in the management
of type 2 diabetes mellitus: Bariatric surgery[J]. Diabetes Res Clin
Pract, 2023, 199:110667. doi:10.1016/j.diabres.2023.110667.

[51] Geerts A, Lefere S. Bariatric surgery for non-alcoholic fatty liver
disease: Indications and post-operative management[J]. Clin Mol
Hepatol, 2023, 29(Suppl):S276-S285. doi:10.3350/cmh.2022.0373.

[52] Kwon Y, Ha J, Kim D, et al. The association between weight
change after gastric cancer surgery and type 2 diabetes risk: a
nationwide cohort study[J]. J Cachexia Sarcopenia Muscle, 2023,
14(2):826-834. doi:10.1002/jcsm.13206.

[53] Nonaka S, Sakai M. Psychological factors associated with social
withdrawal (hikikomori)[J]. Psychiatry Investig, 2021, 18(5):463—
470. doi:10.30773/pi.2021.0050.

[54] Saltzman LY, Hansel TC, Bordnick PS. Loneliness, isolation, and
social support factors in post-COVID-19 mental health[J]. Psychol
Trauma, 2020, 12(S1):S55-S57. doi:10.1037/tra0000703.

[55] Al-Ghabeesh SH, Mahmoud M, Rayan A, et al. Mindfulness, social
support, and psychological distress among Jordanian burn

patients[J]. J Burn Care Res, 2024, 45(3): 685-691. doi: 10.1093/

jber/irad195.
(A4 £15)

A5 AR ERER, BE T, 2hm . AiE T AR &/
IREMZ I Do f5 Tl AR FE B0, b Rl AR A3k, 2025,
34(10):2258-2264. doi: 10.7659/j.issn.1005-6947.240634

Cite this article as: Wang YXY, Duan HY, Li RB. Advances in the
regulation of orexigenic/anorexigenic neuropeptides and signaling
pathways by metabolic bariatric surgery[J]. Chin J Gen Surg, 2025, 34
(10):2258-2264. doi: 10.7659/j.issn.1005-6947.240634


http://dx.doi.org/10.1042/BJ20140935
http://dx.doi.org/10.1113/JP283686
http://dx.doi.org/10.1016/j.sbi.2023.102663
http://dx.doi.org/10.1016/j.sbi.2023.102663
http://dx.doi.org/10.1186/s13578-020-00396-1
http://dx.doi.org/10.1002/ddr.21705
http://dx.doi.org/10.1002/ddr.21705
http://dx.doi.org/10.1186/s12885-024-12667-y
http://dx.doi.org/10.1038/s43587-023-00416-y
http://dx.doi.org/10.1038/s43587-023-00416-y
http://dx.doi.org/10.1074/jbc.C300557200
http://dx.doi.org/10.1038/nature02440
http://dx.doi.org/10.1038/nature02440
http://dx.doi.org/10.1146/annurev-physiol-022516-034110
http://dx.doi.org/10.1146/annurev-physiol-022516-034110
http://dx.doi.org/10.1038/s41419-022-05081-4
http://dx.doi.org/10.1007/s00125-012-2644-8
http://dx.doi.org/10.1007/s00125-012-2644-8
http://dx.doi.org/10.1126/science.1177221
http://dx.doi.org/10.1002/hep.32066
http://dx.doi.org/10.1002/hep.32066
http://dx.doi.org/10.1080/09553002.2023.2295297
http://dx.doi.org/10.5812/ijem-136329
http://dx.doi.org/10.3389/fendo.2022.946870
http://dx.doi.org/10.1111/cob.12603
http://dx.doi.org/10.1016/j.diabres.2023.110667
http://dx.doi.org/10.3350/cmh.2022.0373
http://dx.doi.org/10.1002/jcsm.13206
http://dx.doi.org/10.30773/pi.2021.0050
http://dx.doi.org/10.1037/tra0000703
http://dx.doi.org/10.1093/jbcr/irad195
http://dx.doi.org/10.1093/jbcr/irad195
https://dx.doi.org/10.7659/j.issn.1005-6947.240634
https://dx.doi.org/10.7659/j.issn.1005-6947.240634

