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[FEZE] MEREC SO 2R T REREPRR . 2R 7 ST HHIERTE X sl e B AT IR YT, AT I R 30T
LR S RPE Y, 255 5 AT A 4 22 2405 1L 2R 1 8 (mitogen activated proteinkinase, MAPK) | B 1R 1% fL 25 (I T
(adenosine5 ' -monophosphate-activated protein kinase, AMPK) ., Janus ¥ i /{5 5 % 5 & %% 5 i 4k [ T (Janus kinase/signal
transducer and activator of transcription, JAK/STAT) ., % g 1k WL B2 -3-0 B /R (% 5 Bzl BE M E R &R A
(phosphoinositide 3-kinase/protein kinase B/mammalian target of rapamycin, PI3K/Akt/mTOR). %% 53 K F--«B(nuclear factor-«B,
NF-«B) . i E ALY BEHASE SIS Z A8 v/ 4E iR X Z A& (peroxisome proliferator-activated receptor gamma/retinoid X receptor a,
PPARY/RXRa) , T2 3k P Jl 4 B /4% 5% -4 K )85 I 7 3(stimulator of interferon genes/interferon regulatory factor 3,
STING/IRF3) S0 A5 5l B R R AE . MBS NBL. TR5 IE RACHU AR, B 2401 21z 280 SENRR
o ASCERIR T2 7 AR SR S il B IR YT PR AR IR T ORI ST R S, LA Ol DR S BRAR IS BRI AN A 57 B 3

[RSER]  RARPERLRE; th2G 5207 5 5d i 223450 A0 EE vk
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Progress on Chinese medicine compound formulae in modulating relevant

signaling pathways for the treatment of simple obesity
ZHANG Xiali'?, WANG Zhuo', MI Li*(1. Department of Pharmacy, The First Affiliated Hospital of Naval Medical University,
Shanghai 200433, China; 2. Department of Pharmacy, Armed Police Force Shanghai General Hospital, Shanghai 201103, China)

[Abstract] Obesity has become a major global health challenge. The treatment of simple obesity patients with Chinese
medicine compound based on evidence-based therapy has the advantages of good clinical efficacy and high safety. Chinese
medicine compound can play the role of reducing inflammation, improving oxidative stress and regulating insulin resistance by
regulating MAPK, AMPK, JAK/STAT, PI3K-Akt-mTOR, NF-kB, PPARy/RXRa, STING-IRF3 and other related signaling
pathways, which is characteristic of multi-component, multi-pathway, multi-target regulation. The research progress in the
modulation of relevant signaling pathways by traditional Chinese medicine combinations for the treatment of simple obesity were
reviewed, which provided a theoretical basis and research ideas for clinical practice.

[Key words] simple obesity; Chinese medicine compounding; signaling pathway; MAPK
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oo BARPEAS IS — P LA ER AL, A B
WHERA Z RGBS S, AXGRTPAE
Tr RPN SAR Sl R T B AR AL R A B S,
Al ARG T S .

1 EELRFENERHEEESERE

24 45 15 A B 1A (mitogen activated protein
kinase, MAPK) {5 =il i 2 2 5 g A . AL
TR A Y 2 M5 SiE % 2 —, f45 p38 MAPK,
4 L SRS B 1 B (extracellular regulated protein
kinases, ERK1/2). I 1% 7% 1k & 1 % f (c-Jun N-
terminal kinase, INK) 255, #F5T K30, RAELE
AL B R S ML A 2 DB, MEJHEZS AR B 2R
FRAT 5 R A B LA AL T8 AR SR AR S AT
HEVICRN, MAPK {5 538 B A0S Je pLIAAE 1
R RAERE AR IR Z — o 2 i pi M )
s MAPK/ERK 5554 5, SRt s s i A= 1, =
SONg 7 HE AR T ] MAPK AH OG5 53 [ e 1k
A AR AR T IR 5 HEAR . ERK
INK {5538 42 5 i A B A S S T 2 1A y
(peroxisome proliferator-activated receptor gamma,
PPARy) A4, 15 B 5 ZR ARG AY K A= 3 AR OGN
AT p38 MAPK {5 53 i id 2 5 i s 41 146 72 )™
B DL ST 2R, MAPK 5538 i ] 38 i RIE
BB, SAARRE . B8 Rkt 2 e S SR
L, RIRYT AV 0 B F g

fEME T (B2, e, N2y, SRS . 8%

B EAR L SRR LU AN BB I THIRART

itk S B CEE BEISIA R . R RS R
A Z L Tr . W I, (NS A 5 e Rg Rk =
BRIKES AL/ N R B IA T, 3% m IR IR A
JHE /I B O R J R i R & 2R o, R Il AR
PPN 42N Ras B H MR B 1
(Ras guanyl nucleotide releasing protein-1, RasGRP1)
[ 22 3k, F& A% p-P38 MAPK/P38 MAPK ¥ L {8 .
RasGRPI /& p38 MAPK {5 5 i j# (316 5 1, L
I 38 MAPK {5 7 it ¢ ] {7y 38 308 A28 PR 5 49 o,
ST ARG 1 7 i = R TR B 5 AL/ N B e
FHCL, HAEHIMLHI AT B 5401 RasGRP1/p38 MAPK
T AR T A AR A

Va7 2 B SR R 2 W B AR T, R 208 )1
AT ATy, BRI SR L R e
AT AR VR . BIFFE R B, IOz % mi g
A AL SR LG 57 A B R g,
ok 7 % i BL 1 5 14 45 MAPK {5 53 % ERK1/2

F1 p38 MAPK [13R35, M5 e JHFHi S5 4 i AH OC 3
PRI A

TR (PR E L BRE L IREE L R AR
L)t B ORS8RI R 7 ), (oK FR B ) PR H
Sy CBRLE  IRIRIR L, J IR YT A& R YRRl
o BARBFR R, — Bz s s e e i A
JHE R B R A W O . R R L 2 2R 00 . A AR
MR KU B AT BT o0 245 24 FHL 22 Xo)
BRI IT L RE R 3 FHLRIEE TR, SR 3h
Wy 52 56 %) Wi B 1k AL I -3-184 i (phosphoinositide 3-
kinase, PI3K)/% H ¥ [ B(protein kinase B, Akt)Fll
INK-MAPK {5518 fFEAT B0 Uk . S5 R EW], K
FRFSRYT 11 85, wR TR 5T I R R B
PI3K 4 M 33k & Akt BERR 1L R 16 W) W4
INK WA 11 2RA W BRI, IR W] — MRz s s i
i PI3K/Akt {5 53 %, 4l INK-MAPK {5 5 il #%

2 REERERECERHEBESEE

VENBER- 31 (adenosine monophosphate, AMP)
MR 1 25 I, IR R I 1k 28 11 (adenosine
5-monophosphate-activated protein kinase, AMPK ) /&
Y e RS IR Z 2%, e T AN A A B e T
. AMPK JEHLIARE =LA T 1Y G 1, RETH
7 B ST A I A A A O S R, FERR B A
i R E EEAERY, AMPK B2 1L )5 T s
BEAACHE, PR R, A B, ARk
RS ZF e RE" . AMPK IR 4%,
Al 3k Z2 AP AL SIS . AMPK X AMP/ = BE iR
%4 (adenosine triphosphate, ATP) 3% & A8 L AR &5
S, AMP 4 Z )5l E IR L AMPK, ZE1i
WA R A L 9t A N BB 3, AR ATP {5538 % .
—J7 D ATP & A, 75 —J7 i ATP 3
FE ARG, DR T BERR A IG, st i i RHCHT,

THRE T (IR TG, 5800, Ko, RS, 3%
AR BT et ARk gk I T
BT E U MR L RSB Y . PGS TE A IE R A
A PRIFFGIESE TIMAE I 097l L TEHTE A
R AL (acetyl-CoA carboxylase, ACC)J& AMPK H
HE TR A Z—, FERRIIR M & i Z 2
AR . AMPK B80T J5 BL4E . ACC B R
&, ACC 2% 1 Jo il N Bt 58 A (malonyl-CoA,
MCA) A 1%, M S5 ACC B93E P, fE2E A iR
Ak, TR AR I RERS S s shi SEge o
L RFRW, AR ) = B s S e/ BRI ek
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AR VEH, AT REJE B T H B8 ACC Al AMPK f9
MR AL AKETUE 15 AMPK/ACC {5 538 %, [H] s 4
#% A T -«B 1 il & [ a(inhibitor of NF-kBa, IkBa)
M p65 B R ALK, 0 kBa/ #% 5% 5% T -«B
(nuclear factor-kB, NF-«xB ) {5553 i A& 2 1E P,

B RN 7 R RE L IR PR LI
WA B L ey I ) 42 o I JR R B F 386 T A R 4
YRR, PR G5l B R 86 %% #2 8 (carnitine palmitoyl
transterase, CPT) ZE R IR B Ak o B vh & 4% 5K et
WTVER . CPT1JZIENIR B A bt 72 iy R 3 il
£ AMPK/ACC {57l i h R HEEEAEH . AMPK
AL JE 6 ACC 1R, 182> MCA & 1, MCA
X CPT1 (30 M FHR S, DA 2 e (A B I 1)
CPT1 ¥ B R W R % i B4R R kAT B &L,
HEM IR IO, sh s & 3, =Rk &S
(AR BLY AMPK ., CPT1 & [ KA I 35 R 2234
IRV 523 3 Ak PR 7 11 I K R S5 IR . ACC
T B L IR F R TE o A ) 3 Tk v R B A
TR 07 T 6 JE G, R4 (6.93 g/kg) Al 77l it
2H(13.86 g/kg) ) AMPK, CPT1 & FH M AH R JE PR 2
TR R A ) 2 T i, ACC R R Rk
KD 8 2 AR, 2R B B (RN Ak 8 T 1 s EE L
Al B 18 i 0 AMPK/ACC/CPTI {5 5 1%, 12
HENR IR i S Ak e, Ak G 53 G A, DA el 3 9
FAIU IR A AL,

WEEREAE D CEB RS I BE A L (2, AR
W AR JLETR) BENS A Rk 2 RUKE IR
i AR R RIBTPY, REkE A B Rk
R IR A BT A A B 11, 2 R4 AMPK/ACC {5
A E L, RN IREREE 1 B A RSN
20 AMPK B 1k, S i sZ m AL ARG,
PEWERERE T T 10 8 FilJa, MBI A SRR/ R
JGEREE 1T B {7 B R (mRNA) FIZE I RIA T
[, ACC Fl AMPK BRI KV 1 o W REREmE 7
FEAR T MG EREE 1 B /K F, JI3 AMPK & 4k, 9
ACC T, f2 7 15 iR i) S Ak i FOBE A, BARAIX

BT IORR, 4w e ) B AR . RV R R Y
I8 E A iV FH AT R 2 38 ) G 3Kk 2 11 B/AMPK/ACC
306X PP IR 5 BB A T R4

3 PEEARERAB/ GSERSRERELEA
FIESER

Janus P40 Janus kinase, JAK) /{5 545 S SRS
AEIAF(signal transducer and activator of transcription,

STAT)F T 1% 38 B2 — P8 il 2 1K 1) 4 M P 1
ST, 2 5 2R YRR, AR
HGE | oAk, TR E TR Y . JAK/STAT {5 538
AT 5 RN RRE TR R e B R D),
WFFE R B, NPT K e 5 ZE AT 5 B e R LA
AbFASHEARE RACR S BV R . MBS F-a
(tumor necrosis factor-o, TNF-a). FHH 404 % -6
(interleukin-6, IL-6) S5 48 K+ Kt 43, BAIRER 5%
RS, HMTA RIS R A, JAK2/STAT3
5538 = RAEN FLE 5% S0 E B R, IL-
6 1 TNF-o 3005 JAK2/STAT3 15 53 1%, P44 %
FE DR 2238, R A G R, 5 I [R] B 40 i
F15 5 ¥ 5 1 i A 7 -3(suppressor of cytokine
signaling-3, SOCS-3) iU/ S 15 JAK2/STAT3
T Y 8 R R B AR e AR
WP R A AR, MR SR 2SR
W LU AT JAK/STAT %545 5 1% 530 i & 45 H AR
/L Tk

ERUER S (AR B PR Bl 1k
XLREE L PEAR OIS B )IE . fart)
AT A5 v R AR B 75 5 A e /D B4R o ) ekt 3
o AEXTHAH AR5 B oL AR5 2 BE,
A ARG NG T 14 IR TR 2R 32 1A 1) i R R 3R 7K,
il A9 2R A7 (AR R 45 A B, 2R T R A
M JAK/STAT3 {55 Sl . il K AE R
Z AR JAK2 Fl STAT3 (WL H ik i, SOCS-3
MY BE DR FRAR TR I, a8 AL, 4R R R AR
RN, DT 2 B F R R /R Y

TR (MRBz B IREE L &OH s, g AR
S AR R SRR &4 0, I IR B 9T 2 A,
W AR 1B IR AE IR R T R Y B
YIS B oY & 0, SR AR IR 1+ 0 R PR R K
SR, FFEE 6 JA 5, TR AR 1 20 s s A0 4 A b KRR
SME LI TNF-o., IL-6 97K F B3 PR, T T
ZH4U STAT3 1) mRNA FIEE &35 B % TR, £
TR IR 7 R 03 A R I A5G SERE R ek, Tl i
95 STAT3 1) mRNA HIE LXK iRIHZ ] 6E
TES R JAK2/STATS {5 515 i . sl
PN M IR, DT #4506 HEJHE P4 o £ Y,

ELHMS (e T &%, ER. Bl 7,
Z. b R RAT) R T BE B ERH AR
U5, BAEREE . AR R I, LR A
P, SR A, fE 008 5T B AR /N BR
PIENE 5 6 IR e 4k I v s R B AR
SR AR AR I, Ak N RIR A 2L 400 1 40 e
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4 % -1B(interleukin-1p, IL-1B) 1 IL-6 % ik T [,
JAK2 1 STAT3 & H B R K IR TR, 007
-5 ke 35 PA R A A7 2 4088 A SR A HIATL AR 7l
M JAK2/STAT3 {5 546 il Ay %P7,

4 R PBKAK/MANYENBERNEARES
i 2%

I WG — ol v 88 R P A0 L PN R A A2, S
JHO 36 328 1 A O DR R B AAS A T IR, Y B A2 40
ST B 40 I 20 53 (U 2 A M 4 . 2 11 B R 4R
A, DT 245 200 B P AR S I E R AR . 5
FW, A SO ME R ARSI, AW
SR AR BBAS R SAE S B 8 M A E R A A DG
g, SAETENERE A A L Hh b 25 SR T, BB I
2 L %) 3 T AL R A A PR AT B R IR S
KRR VE . PIBK/AKYIFL 54 5 A 25 X 40
£ F (mammalian target of rapamycin, mTOR) {5 5
S AR 1 S U AE DG, R S A 1 Y 25
W, SR A AR RS, B PI3K/Akt/mTOR
{573, FEAL T 7K s RS S PIBKY
Akt/mTOR {5538 I 1T AR 5 0, ol N b1 1
SAPEIRAS, PATIT 2% fif B JH R 5 ZEAIKHE, H %f
538 B IR [ AT RE = B VA IR AR FPLE Z —

HIBG R (R, BAR . A, ZKE .
{7 AREE L grsek ., 2o, i) A AR AT B AR
HRE N SCE IR . 8 3 S gt HAR
FHBLEI AT TIRADRSE, BFR S R R, IR &7
EFIE (14 g/kg) . HP7EE(28 g/kg) | FFlR (56 g/kg)
4 PI3K., Akt, mTOR F1 PPARy mRNA & & [ fiY
FIR GRIRIAAR LR, B B R AR
PPARy &R AE M r SR E =2 — o THIE S
FR 75 HE R /DN B R A B A 09 BIL I T RE 5 O
PI3K/Akt/mTOR {5538 [ . L4 PPARy /KP4
KB

MRARZ IR AT LAJE Y JAK2/STAT3 15 5 1% il
%o RIS R, APPSR E K RO R IR i 4m A i) A
WG PERR G A F IR B IR H R R S T, I e
JEIIE K Bl PI3K/Akt/mTOR {5 518 S AH G 1 1
W i Bk LA 3-8 B (Class I PI3K). p-Akt, Akt,
p-mTORC1, mTORC1 i) & EEIEH KRB E T
Ko RANRARZ T BUIE IR R 6 Fi ), iRAR
VA i (4.45 g/kg) . T (8.90 g/kg) | il i
(17.80 g/kg) 4 I JEI i 175 40 AR AR 1 e i PR v 2 40 1Y
FeIR LR RO M FAIK, PIBK/Akt/mTOR {55
A SC B 1 A0 ek S B R Ao e T . TR

JIR3% 7] Rt 3 i 45 PI3K/Akt/mTOR {5538 gl
il g P 240 B P 2 9 I B T S AL AR 1 0 i 6 M
AR, TR R BRI

FEPHIRL (B, =B FFS. 1) J2IRYT 2 Y
W R 1 5 R & 56 7, A RAFmIeIRT?
Ao ShP s a2 i, FEPHIIURE T 12 R LAY I |
Jo 5 AP THR B AR H v = R SR R
B KRB A 3R, 4R BBk BE
JETT 2 FRUHE e e B AT BRI A R 2L
W5 R B, EEFHIORLAIG R & (5.58 g/kg) . =
(1116 g/kg) 2R AL ZH 2L p-PI3K., p-Akt
B ek /K A A R 2 1 3 T g, EBH B S HRIURE 1T fiE
Wt R PI3K. Akt 98 P 2% AT i35 i 5 2%
RO CIZEAL, R FEE ML Z — T fig il
1 EFE PI3K/Akt/mTOR {5518 B 523 Ay Y

5 FIEZERETF-«B ESEE

NF-«B & —FAZ 5 B 7, AP 2# 6 2,
PP, 32 TSR Rh A i B, NF-«B
A R Y A SR AL, SE AR R A
A HEIR B 5% S 5 238, 1 R MUIAR G AE IOV, o T
JITTIFAT I fie 255 R S R S A B LR R )

B AR R, MHS . EEAR, BB
AFEZE AR SRS AN AR L AL
A L far ) 2 T T R BE S50 T, AV THE B
b, TE B SR P R E I B R RS
T LA B YT A R IR A IR AL
Hl s i & B, ke AR TS, SRR E AL
JE K B W52 16 TxBa., NF-kB 4 7R 111 2235 7K -1
A A, $RR B A7) ] REAE G JH 1Y IkBo/NF-xB
T IE PG R

TG 7 ALY AMPK/ACC {5 58 %, i [F]
M) IkBo/ NF-kB 15 518 B8 2RE ), 203
BRI KB i Z 3T, IkBa &84 NF-«B {5518
B A 55 19 22—, IkBa, p50/p65 Fl NF-xB & 1§
= BAKIEAW), il NF-xB RAE 15 510 B,
MR RAE RN . shY)SCio s, &38R T
5, IkBa., p65 R ALK R, 1 IkBo/ NF-«xB
A I, DT 0 R R R 175 S MR R /N BRU AR A
T R 5 BT,

AL (BT | VR H A BRAR B (Gl G 253 ),
JEIRIT DRSS R . BT R B, K
R IR E S GIE T E A R AEN, S8R AL
AL DA 3 R AR A S R /N BRI R
NF-kB J& Toll-4 Z{& (TLR4)i&F HE 1 T 55
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43¥, TLRA/NF-«B i f% 15 58 hE F 0y h ke 4 o B4
Mo #E— 2B R, SEF I T T il 2H 2
(f) IL-1B. IL-6. TNF-o mRNA #ik F %, TLR4, #%
¥ «B il 25 1 84 B (inhibitor of nuclear factor
kappa-B kinase subunit beta, IKKpB) . p-NF-xB & H
FIBRAE, W22 %I AT REE i #1] TLR4/NF-kB
T 6, DT SO SR IR B R AT

6 BIE PPARY/4HEHRES X ZINMESEEE

PPARYy J2&7E A5 i 4 it v i 28 3k A 7 S R,
H SRR A G E2S 58 20108 M 5 E
JLR, PPARY/4EH 12 X 32 1A (retinoid X receptor o,
RXRa) {5 538 2 PPARs 155 18 [ A4 5 2 20 J 0
gy, EWATR N RE . BRI . BERACI I AR )
5z —1,

AL BUE RS b i S TAK/STAT3 {5538 i
IRYT B AR BE A, 8 AT o 5 4% PPARY/RXRa
R ENAE R . SR R R, 5IEE
RE /N, @R IR B A4/ R E4 4L
() PPARy. RXRa F ik 7K T B AL FUEENL 1 T Tl
7 JJe, Horbiil e (45.45 g/kg) | i (68.18 g/kg)
24 PPARy. RXRo Kik/KF-I B FH & o BG4 s,
A AR it 1537 1T g i 1 I 45 PPARY/RXRa {5 5 i
%, FETTA0 AR T A 53k, B RAEIRAS, AT &

FEIRY T BAl AT ek () 1

7 EETFHREERRHEFEREFTINRENRE
TRETF 3 ESEE

N K JAE SR N JHE R — A~ S B R AIE, N B 4 1Y)
PRASREAL G| AO A, 18 Al e TR 41
ZURE MR 5 R TP R E A 5
(stimulator of interferon genes, STING )& 5% A1 48
i ) GRS 543, AT R T T PP A i
PRI R 5 R ABT IR TEIRITRE . WP B, 7
IR R S B HLRE /N, STING/4% 3¢ A 5~1-4E
% 875 A 3(interferon regulatory factor 3, IRF3 )
AR AR I A S, %S S S IE A &
WYIKF . STING Al g2 E 530, STING
i TANK G0 1 e 2t IRF3 A9 BERR AL AT
1k, IRF3 AT A di A%, fE ik 140 3R 55 E
PRI 10 5 s B

BEAAREERR S (5 S K% L AR Il
25 BT dbuAs L RS S BREZ L s
Ao B g, 20l RS R IR
TRYT R T BE Y PRl AT R B 2 6y, HeST ik gy

LS FUORBOR SERE I AL, 280 RIS IE, 5720
WAL, Sh¥ SR AF ST A B, M HE N Y AR kK B
TE [ AR 1 B B v 1% 2 1 0 4 8] e, (R T R B
i, IL-6, TNF-o S5 4H G 48 5 4 i 8 1) 35 T B
BH 5, AFAEZH 200 STING mRNA F1 IRF3 & FHAYEE
IR B, R [ A A0 IR BRI 1 1T BE 3 A I 45
STING/IRF3 3 fif Jf- 8 717 #H 5C 48 AiF 24 g [H -+ 1) 5=
5, AT AR AP A o Y BEL 7R L P R AR E 21

8 5B

W2 B IR T Al T AR R R E IR IS IR 0 3
Bt 1 AR AN . BRSARPE L 35 Bk Tk gt
SRR 2 . TR P L R & I PRI S IE
SEH R T IR AR BT A A . 28 BT,
Z W2 T (R WAz RIR . A8 H0) Al
PR T7 (LB AL T . TE G 7« 1R B AL 7
W RERERE DT AR BN . o TS RS
L EEFHURL . RIS ARG 7 ) Y RES
i & 5 ¥ MAPK. AMPK. JAK/STAT. NF-kB.
PI3K/Akt/mTOR. PPARY/RXRo 5 STING/IRF3 %
ZAAR TSGR RAE . SCE AN PR
FHEYL, AT B aiVEIE B, ST rh 2 B B
Zigte . SR PEREE IR, HEERIER/D,
e A7 N RS R R A, DR A v 245 02 5 AR IR T B
410 i oY ST S S e LA Sl 1 = ]
827G YT BRI AR IR ST, B I IR R
SRR MEE AR, JT i — AR BT 2 & itk e

W2y B IR T Al T AR R RGBT H T E EA
Z P A BT B o R AT I ik — 25 5
FEOCHEE 53 5% (1 AMPK., PPARy. NF-kB %5) (1)
PRI ALS], 25 G Z A A AR TR Iz E
T2 SRR, 2R RAIFNE L F A,
YR EARSE M AR L R AT E R
A IR AR T 5RO S M R A
-1 25900 e BUIRIT 7 8, B L3 | BRI 4a 430155
FEOR N RRR 07 o I IR AT T, AT IR R 3
TACER A B 4 267 AW, Qndt X g i R AL A
(PI3K/AKkt 3 % I8 22 ) 5 4 iE B (NF-«B 3 6 11 i )
JIESJ ERRG TR 2E T, A e B I A Qg 43 TR
FROE” =L — R ARG HEFH 25880, T 8 BeHHIE A
BRGNS T . TG @ 255 JriRyT
Ll PR AR B I IE TR bR S 25 A R, HEsh %
G 2 SR 2 IR BE RS, S 2 BRIE B VA 4
P BAR AR T ETRT



LS g5

20264E3 H25H 4434 3

J Pharm Pract Serv, Vol. 44, No. 3, March 25, 2026 125

[ 2%k ]

(1]

(6]

[7]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(17]

(18]

A B2y s (P R ER A TR RIS ) B KA, | AR
T MU I B AL JREAE rh B 1297 R AR (0], b
TR B2 RAEAAR, 2022, 45(8): 786-794.

SR ST BT A 43, R IR SRR E FR 004,
TR B2 AT N B e Oy o5, AR TIRT BEE A 1B 3 5
@ Resr 2. o [ Jm RAL B VA % R (1], [ s B 2 4t
&, 2022, 23(5): 321-339.

Samaranayake NR, Ong KL, Leung RY, et al. Management of
obesity in the National Health and Nutrition Examination Sur-
vey(NHANES), 2007-2008[J]. Ann Epidemiol, 2012, 22(5):
349-353.

NG M, FLEMING T, ROBINSON M, et al. Global, regional,
and national prevalence of overweight and obesity in children
and adults during 1980-2013: a systematic analysis for the
Global Burden of Disease Study 2013[J]. 2014,
384(9945): 766-781.

SWINBURN B A, SACKS G, HALL K D, et al. The global
obesity pandemic: shaped by global drivers and local environ-
ments[J]. Lancet, 2011, 378(9793): 804-814.

WANG Y, XUE H, SUN M, et al. Prevention and control of
obesity in China[J]. Lancet Glob Health, 2019, 7(9): e1166-
ell67.

TRAAE, 542, 88 57, 5. LR AL L L 25 0367 F
FEMEAL (). TP ETIREE S, 2021, 30(2): 131-135.

FERE, WHEE. ACIHAE 25 Y677 R (). EFT 244,
2016,25(2): 163-169.

FRAA. HT MAPK 15538 B B SR iz St e my
FEFPLEI [D]. B & TP EE 25 K2, 2023.

Lee YS, Olefsky J. Chronic tissue inflammation and metabolic
disease[J]. Genes Dev, 2021, 35(5-6): 307-328.

Bost F, Aouadi M, Caron L, et al. The extracellular signal-regu-

Lancet,

lated kinase isoform ERKI1 is specifically required for in vitro
and in vivo adipogenesis[J]. Diabetes, 2005, 54(2): 402-411.
Hosooka T, Noguchi T, Kotani K, et al. Dokl mediates high-fat
diet-induced adipocyte hypertrophy and obesity through modu-
lation of PPAR-gamma phosphorylation[J]. Nat Med, 2008,
14(2): 188-193.

AN, BLZ B, ERAK, 45, RIETEE G AF K RUIR JHE R AE K
ERK1/2 il p38MAPK 9 1 FI 0F 58 [J]. fift il 45 B 2% 2% 7
2006(8): 794-797.

XYEAE, wf f, Bx £2 8K, 45 {095 1L 75 9545 RasGRP1/P38
MAPK I 4 5 1 7 38 300 325 1 X o i K 7 AT R/ BRUBR 5
FHBTHBEEE A (7]. h e BE 224k, 2021, 36(5): 2647-
2651.

SORERR, TR B IE AR AT — RS2, IR IO 59 23T HL
il [D]. B B VPP EEZY R 2%, 2023.

Ding S, Kang J, Tong L, Lin Y, Liao L, Gao B. Erchen decoc-
tion ameliorates lipid metabolism by the regulation of the pro-
tein CAV-1 and the receptors VLDLR, LDLR, ABCAI, and
SRBI in a high-fat diet rat model[J]. Evid Based Complement
Alternat Med, 2018, 2018: 5309490.

ARG, BRIME, X, 45 BT R ZR 2 BRI TR IATR YT
IS B o 1 FH AL S0 B 52 56 36 5iE [3]. oP 25 25 349 5115 R, 2022,
38(1):24-31.

Grahame Hardie D. AMP-activated protein kinase: a key regula-

tor of energy balance with many roles in human disease[J]. J In-

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

(37]

tern Med, 2014, 276(6): 543-559.

LB, 28K, 2 AR B T P 2R3 AMPK 55 R R H
A-PEIRHLE (9], 10T P ERZ R 4R, 2025, 27(6): 1-6.
Cokorinos EC, Delmore J, Reyes AR, et al. Activation of skele-
tal muscle AMPK promotes glucose disposal and glucose lower-
ing in non-human primates and mice[J]. Cell Metab, 2017,
25(5): 1147-1159.

IMATE, 15k, KA, S5 AR DTS A1 O AT A T o
M POBERE . PAEETE B R A AL I R AR (D). LT
TR AR, 2022, 24(2): 75-79.

Kukidome D, Nishikawa T, Sonoda K, et al. Activation of
AMP-activated protein kinase reduces hyperglycemia-induced
mitochondrial reactive oxygen species production and promotes
mitochondrial biogenesis in human umbilical vein endothelial
cells[J]. Diabetes, 2006, 55(1): 120-127.

IMELE, 3R, 5kMl, 55, TH AR 7 4 AMPK/ACC {551
Xf DIO /I BRI 5 (0] 32 77 v R 2 K224 i,
2021, 23(2): 20-25.

FIERA. B G IALIR TT TR YT B I 1 e DR B S35
[D]. RO #L B2y R 2, 2014,

Jo R R AR T A s B Al AT R R BT A M R
HHTRHLEIBESE [D]. BRI HdL P EEZ R, 2017.

X Ptnte, IR, 4E. W H RGBT X 2 BB RN G
FE AN P i 17 1 90 8 3 13 IR B 1 B /KF Kb AR
RSN [J]. PR ER2Y, 2023, 36(03): 1-4.

R R, XS, JAF, 4. FRE I Fetuin B-AMPK/ACC
S TE IR 2 BOE AR/ IS BRUIT R I &2 2R AT (0], 7 EE Y
KFEAR, 2021, 41(6): 839-846.

X & WB R, WIFT, 5. E BT /2 Fetuin B-
AMPK/ACC 38 % %8 = 5 55 S N/ BRI R I8 2 R A1RHT i 7
PEHLEHIFST [3]. VESE R EE 24, 2024, 37(2): 14-19.

Xin P, Xu X, Deng C, et al. The role of JAK/STAT signaling
pathway and its inhibitors in diseases[J]. Int Immunopharmacol,
2020, 80: 106210.

STIENSTRA R, VAN DIEPEN J A, TACK C J, et al. Inflam-
masome is a central player in the induction of obesity and in-
sulin resistance[J]. Proc Natl Acad Sci U S A, 2011, 108(37):
15324-15329.

WePC, W22, w30, S IR 07 40530 1 SR AE R T B AH G
1755380 B 5 BRI A 22 R AT (0], K R R #2441,
2022, 44(4): 341-345.

TR0, RYIRES, KA. 1L-6 {55 0 B AE A PE NG W5 FEATL
Ry y e ROBFTE BRI [7]. BRI 2275, 2015, 35(3):
167-170.

FAROOQI I S, MATARESE G, LORD G M, et al. Beneficial
effects of leptin on obesity, T cell hyporesponsiveness, and neu-
roendocrine/metabolic dysfunction of human congenital leptin
deficiency[J]. J Clin Invest, 2002, 110(8): 1093-1103.

REE AT X SR aEPE AT e /S BUBE R AR s A Fnss R
HEATHIEFH BALHIAFSE [D]. A FE: Wb K2, 2020.

MR P2 INERIR AR AR T /N LB A M RS RO 2 (7],
HMEEST, 2020, 39(4): 152-154.

WA, EFIS, FIPE, A5 IR E T X HE R M IE TR A G S8 AE
Al F S JAK2/STATS3 il #5443 F STAT3 Fik B2 [7].
o S AR 2R, 2019, 25(6): 39-44.

SRS, §157, BAEH, 45, .0 05 'S J5 4 TAK2/STAT3
T S TR/ BRI D7 SR AE 32 0 ] v [ b VG BE 45 A 2%,
2022, 42(8): 979-986.

(F#% 131 W)


https://doi.org/10.1016/S0140-6736(14)60460-8
https://doi.org/10.1016/S0140-6736(11)60813-1
https://doi.org/10.1016/S2214-109X(19)30276-1
https://doi.org/10.3969/j.issn.2095-8552.2025.06.001
https://doi.org/10.1101/gad.346312.120
https://doi.org/10.2337/diabetes.54.2.402
https://doi.org/10.1038/nm1706
https://doi.org/10.3321/j.issn:0577-7402.2006.08.016
https://doi.org/10.1155/2018/5309490
https://doi.org/10.1155/2018/5309490
https://doi.org/10.1111/joim.12268
https://doi.org/10.1111/joim.12268
https://doi.org/10.1111/joim.12268
https://doi.org/10.13194/j.issn.1673-842X.2025.06.001
https://doi.org/10.1016/j.cmet.2017.04.010
https://doi.org/10.13194/j.issn.1673-842x.2022.02.018
https://doi.org/10.13194/j.issn.1673-842x.2022.02.018
https://doi.org/10.2337/diabetes.55.01.06.db05-0943
https://doi.org/10.12122/j.issn.1673-4254.2021.06.05
https://doi.org/10.12122/j.issn.1673-4254.2021.06.05
https://doi.org/10.1016/j.intimp.2020.106210
https://doi.org/10.1073/pnas.1100255108
https://doi.org/10.1172/JCI0215693
https://doi.org/10.16662/j.cnki.1674-0742.2020.04.152
https://doi.org/10.16662/j.cnki.1674-0742.2020.04.152
https://doi.org/10.13422/j.cnki.syfjx.20190448

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

R GRS 20264E3 H 25 0 4443 3
J Pharm Pract Serv, Vol. 44, No. 3, March 25, 2026 131
glycogen accumulation via CCRS5-activated AMPK pathway in [20] HERRERA J J, MCALLISTER C M, SZCZESNIAK D, et al.
mice[J]. Front Pharmacol, 2016, 7: 302. High-intensity exercise training using a rotarod instrument(Ro-
LUO Z M, LEI H, SUN Y, et al. Orosomucoid, an acute re- taHIIT )significantly improves exercise capacity in mice[J].
sponse protein with multiple modulating activities[J]. J Physiol Physiol Rep, 2024, 12(9): ¢15997.
Biochem, 2015, 71(2): 329-340. [21] CHEN F, ZHANG Z, ZHANG H M, et al. Activation of a7
MARTORELL M, FORMAN K, CASTRO N, et al. Potential nicotinic acetylcholine receptor improves muscle endurance by
therapeutic effects of oleuropein aglycone in Alzheimer’s dis- upregulating orosomucoid expression and glycogen content in
ease[J]. Curr Pharm Biotechnol, 2016, 17(11): 994-1001. mice[J]. J Cell Biochem, 2024, 125(9): €30630.
BEDOUHENE S, MOULTI-MATI F, DANG P M, et al. Oleu- [22] LUKASKI H C. Vitamin and mineral status: effects on physical
ropein and hydroxytyrosol inhibit the N-formyl-methionyl- performance[J]. Nutrition, 2004, 20(7-8): 632-644.
leucyl-phenylalanine-induced neutrophil degranulation and [23] KRISHNAMURTHI R V, FEIGIN V L, FOROUZANFAR M
chemotaxis via AKT, p38, and ERKI/2 MAP-Kinase H, et al. Global and regional burden of first-ever ischaemic and
inhibition[J]. Inflammopharmacology, 2017, 25(6): 673-680. haemorrhagic stroke during 1990-2010: findings from the Glob-
KIM M H, MIN J S, LEE J Y, et al. Oleuropein isolated from al Burden of Disease Study 2010[J]. Lancet Glob Health, 2013,
Fraxinus rhynchophylla inhibits glutamate-induced neuronal 1(5): €259-¢281.
cell death by attenuating mitochondrial dysfunction[J]. Nutr [24] LEEJ S, KIM H G, HAN J M, et al. Anti-fatigue effect of
Neurosci, 2018, 21(7): 520-528. Myelophil in a chronic forced exercise mouse model[J]. Eur J
AHMAD FAROOQI A, FAYYAZ S.’ SILVA A- S, et‘ al. Oleu- Pharmacol, 2015, 764: 100-108.
;)IZT;Z Izzdzocl:e;n;ezr(Sshjr(l)nsopreventlon: the ink s hot[J]. [25] XU Y X, ZHANG J J. Evaluation of anti-fatigue activity of to-
ules, , : 705. . . . .

WS, V%, PRV, 5. I T APPIPSI LRI LS o o g i motogensll. Indian § Med fres 2013
iﬂt%ﬁ/]\ . LE&Z%@:?%.}EM*Eaéﬁjj’?%gﬁﬁcﬁ%ﬁ fiE [26] LEDINEK A H, SAJKO M C, ROT U. Evaluating the effects of
RERT (7). o E SR SR, 2023, 31(8): 969-984. . . . L .
YANG Z Q. SUNIL C, JAYACHANDRAN M, et al. Anti-fa- amantadln,'modaﬁml and écetyl-L-carI.lltlne 01.1 fatigue in multil-
tigue effect of aqueous extract of Hechong( Tylorrhynchus hete- ple sclerosis: result of a pilot randomized, blind study[J]. Clin
rochaetus)via AMPK linked pathway[J]. Food Chem Toxicol, Neurol Neurosurg, 2013, 115(Suppl 1): $86-S89.

[27] ORTENBLAD N, WESTERBLAD H, NIELSEN J. Muscle

2020, 135: 111043.

AMANI F, ALLAHBAKHSHIAN FARSANI M, GHOLAMI
M, et al. The protective effect of oleuropein against radiation-in-
duced cytotoxicity, apoptosis, and genetic damage in cultured
human Iymphocytes[J]. Int J Radiat Biol, 2021, 97(2): 179-193.

glycogen stores and fatigue[J]. J Physiol, 2013, 591(18): 4405-
4413.
[¥eFsBHA]  2025-10-11
[AxHFE] FHER

[1EEIEHH] 2026-01-26

NN o N Ao e e N o e o e o N e o e o o e o e o e e o e o o e e e o e N e e e N e o N N e o e o N e e o N e o e o N S e e N e o e o e e e o e s g

(E3% 125 70)

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Wang Z, Zhou L, Zheng X, et al. Autophagy protects against
PI3K/Akt/mTOR-mediated apoptosis of spinal cord neurons af-
ter mechanical injury[J]. Neurosci Lett, 2017, 656: 158-164.
WRIAE, X2, XBHeE, 55, -4 7718 15 PI3K/AKYmTOR
17 45388 Xk FE PR /N B R A g 52 ) 0], P AR R 2R,
2024, 62(7): 67-72.

XIF ¥ BT PI3K-Akt-mTOR- [ Mg {55 A8 (LR AT 6 1
HEAAE AR SR B T BALE] [D]. B & P P B2 R,
2023.

#E A . B PF UK 3 PIBK/AKUMTOR {5 5 38 % 4 35
T2DM K B IR B BLHIBE5E [D]. 7790 7790 op BE 25 k=7,
2023.

Xu X, Steere RR, Fedorchuk CA, et al. Activation of epidermal
growth factor receptor is required for NTHi-induced NF-kB-de-
pendent inflammation[J]. PLoS One, 2011, 6(11): e28216.
FEEG, BRERE, B, 5. B A AT SR R b RO
it SR BT RSO B TR R (1. Th AR b R 2 4
i, 2020, 35(6): 3227-3231.

SRER, TLTH, B, 45 FEnh-E FE I T TLR4/IkBa/NF-
B {5 5l B M AL RO BRI A QR (0], Wl (=2
Ji2), 2023, 52(5): 627-635.

IMATE, i, SKEH, 45 TR T 1 NF-«B S5 55 0 #4

[46]

[47]

[48]

[49]

[50]

[51]

[52]

MR IR 5 SIS B QI B B RARBT A SEI [J]. AR
PP EE LS A A4, 2021, 30(2): 125-132.
Lee CH, Shin SH, Kang GM, et al. Cellular source of hypotha-
lamic macrophage accumulation in diet-induced obesity[J]. J
Neuroinflammation, 2019, 16(1): 221.
TN, S, BIR, 4F. RF AT RIS IR E IR N R
IR JEAE B kAR I (9] T, 2025, 47(2): 446-452.
ZEPHY, i, BLLER, A5 i SR AN B Mo 32 AR
vy R CI61T £ P45 J5 & M & 1L 5 R A9 Meta 4347 [7].
LA G, 2019, 19(3): 218-221.
KRR JET PPARY/RXRo 3R 5EALFR IR 7 X6 BREl PERT R Y
TRITVE R AR FILEIBSE [D]. A% LR, 2023.
Mao Y, Luo W, Zhang L, et al. STING-IRF3 triggers endothe-
lial inflammation in response to free fatty acid-induced mito-
chondrial damage in diet-induced obesity[J]. Arterioscler
Thromb Vasc Biol, 2017, 37(5): 920-929.
B A, TOURUA, A, 45 A AL I R O 166 5 Tt s K
BEE S VWt Y 7 VA R 8 BEL 28 B 4 e T e 30 5] 0], VLG BE 2,
2020, 51(12): 31-33.
TRET, ARAA, P L, AL AL ML RE NG % W45 STING-
TRF3 3 % Xof 52 o 1 SEL 75 . 1A I Je K R 9 R 40 i PRI 1) 52
W [J). ] AR EGRR AR, 2023, 39(2): 86-93.

[KFmE#] 2025-05-07 [fEEEH] 2025-08-11

[AxHmE\E] TR


https://doi.org/10.3389/fphar.2016.00302
https://doi.org/10.1007/s13105-015-0389-9
https://doi.org/10.1007/s13105-015-0389-9
https://doi.org/10.2174/1389201017666160725120656
https://doi.org/10.1007/s10787-017-0367-7
https://doi.org/10.1080/1028415X.2017.1317449
https://doi.org/10.1080/1028415X.2017.1317449
https://doi.org/10.3390/molecules22050705
https://doi.org/10.1016/j.fct.2019.111043
https://doi.org/10.1080/09553002.2020.1793014
https://doi.org/10.1002/jcb.30630
https://doi.org/10.1016/j.nut.2004.04.001
https://doi.org/10.1016/S2214-109X(13)70089-5
https://doi.org/10.1016/j.ejphar.2015.06.055
https://doi.org/10.1016/j.ejphar.2015.06.055
https://doi.org/10.1113/jphysiol.2013.251629
https://doi.org/10.1016/j.neulet.2017.07.036
https://doi.org/10.1371/journal.pone.0028216
https://doi.org/10.3724/zdxbyxb-2023-0164
https://doi.org/10.3724/zdxbyxb-2023-0164
https://doi.org/10.3724/zdxbyxb-2023-0164
https://doi.org/10.3724/zdxbyxb-2023-0164
https://doi.org/10.3724/zdxbyxb-2023-0164
https://doi.org/10.3969/j.issn.1008-8849.2021.02.003
https://doi.org/10.3969/j.issn.1008-8849.2021.02.003
https://doi.org/10.1186/s12974-019-1607-0
https://doi.org/10.1186/s12974-019-1607-0
https://doi.org/10.3969/j.issn.1001-1528.2025.02.013
https://doi.org/10.3969/j.issn.1009-816x.2019.03.006
https://doi.org/10.1161/ATVBAHA.117.309017
https://doi.org/10.1161/ATVBAHA.117.309017
https://doi.org/10.16809/j.cnki.2096-3653.2022121502

	1 调控丝裂原活化蛋白激酶信号通路
	2 调控腺苷酸活化蛋白激酶信号通路
	3 调控蛋白酪氨酸激酶/信号转导及转录活化因子信号通路
	4 调控PI3K/Akt/哺乳动物雷帕霉素靶蛋白信号通路
	5 调控核转录因子-κB信号通路
	6 调控PPARγ/维甲酸X受体信号通路
	7 调控干扰素基因刺激因子/转录因子干扰素调节因子3信号通路
	8 结语
	参考文献

