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Research progress on the intervention of traditional Chinese medicine in lipid metabolism for obesity
treatment via cAMP signaling pathway

ZHANG Yu, WANG Xiaoran, FU Yiping, LIU Yuting, ZHAO Quanyou, CUI Linna, MIAO Mingsan(Academy of
Chinese Medical Sciences, Henan University of Chinese Medicine, Zhengzhou 450046, China)

ABSTRACT Obesity, a global chronic disease, is associated with adipose tissue dysfunction, which is one of the contributing
factors to obesity. The cyclic adenosine monophosphate (cAMP) signaling pathway, a key regulator of lipid metabolism, plays a
pivotal role in obesity development. Various of traditional Chinese medicine monomers, such as flavonoids, lignans, phenols, and
terpenoids, as well as traditional Chinese medicine compound formulas like Xiaoyao powder, Shengmai powder, and Zexie
decoction, can maintain energy homeostasis, balance adipose tissue function, regulate glucose metabolism, improve insulin
resistance, and suppress inflammatory responses through cAMP signaling pathway regulation, thereby intervening in lipid
metabolism for obesity treatment. Although a substantial amount of basic research has preliminarily elucidated the potential
mechanisms by which traditional Chinese medicine intervenes in obesity through the cAMP signaling pathway, clinical translational
research remains inadequate. There is an urgent need for large-sample, high-quality randomized controlled trials to validate these
findings.

KEYWORDS obesity; lipid metabolism; cAMP signaling pathway; mechanism; traditional Chinese medicine
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L 2308 ) R I A PR i A S sk e g | A2
SRR AR PR BT I 1 SRR 2 7 AR D) i s 1 A5 B AR A, 3K
Ao 3 B AR A A2 {5 i 5 2 SRR IO £ Ui 5 1R 1D PR (free
fatty acid, FFA ) \J8 & (leptin, LP) 24 it , F-18 1< H 5 4
LI, JE S M AT B AE SO B X A AR S -
PRAE VG -UDGAL” E A AR, F T B AR DG &
9iE R R R e B

7 B M iR # (cyclic adenosine monophosphate,
CAMP ) {5551 2 20 A N —Fh B 22 (551 L,
1E G 25 H H X 32 1A (G-protein-coupled receptor, GPCR )
W FE S 2R OIERY, cAMP {5538 % 1l 18
TR A A g 1 402X (white adipose tissue, WAT ) I -
T 2 15 5 26 21 (brown adipose tissue, BAT) F=#R- L {44
R = A VA, T IO REERE . YR KA 7 L R
M 259 , an SR w) R B RS SR AR E , BAFAE
JPRA R 2E R B B AN KR g8 SRR Y,
AP cCAMP 5 530 % AERFRE RS IR AL

2 2026457 3T HHT 4
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T T JInA 25 1 I Jie B A S AR 58 90 B 16 5 s i 1L
BRI S J5 0]
1 cAMP {5 S i@ EHELA

cAMP {55538 = U A N — 25 2 R ENE S
M iR AR, HoE A O & RS A (protein kinase A,
PKA) Fll cAMP %2 # [ (exchange protein activated by
cAMP , Epac) SN 43 WA FIBE R IHAESE" .,
MIAME =50+ Can g s OBE 22 B AR R Pl &t B 5% )
LA ) GPCR 45 & J5 , GPCR K AE M R A i
i Jfl R = RIKGEAN RE T, X —
AR AR R RNEE G 8 (Gs) o MEJERE S TG It 1
%P1k i, A I A8 A0 B P37 i — 85 12 (adenosine tri-
phosphate , ATP) % fk. ok S 1Y 55 A5 cAMP""; cAMP
S 3 TS T WE RN 43 F PKA L Epac 8 45 22 Fh 4 i
e,
2 cAMP{ES@EEXTERERIAEIER

CAMP {55538 AR Ay B 1 AT rhoA O e 2, e
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ZHALTRE JE T HUAKEA QI 8 B 5 ZR AT A 4 5
S5
2.1 HEFRREERS

HRHX R 22 22 G0l i cAMP {5 53 R 25 8 45 BE 1
R T EE R AR ix, 8 i cAMP {5538 X
PO 2807 A AR AR - 3] cAMIP {5538 % B
R AP {2 i £ A 0% 3] B AE OC IR (agouti-related peptide,
AgRP) P2 T TE P, T TG 12 38 I D) 2 B e 41 ) £ K
f BT 2 Kz 2% it (pro-opiomelanocortin, POMC) 4 2 T 1Y
TEPE, PR T BRS8N R A R 2 TiE 3
52 Z PR VAT - LP AR B 3 A 0 IR IR T 3B
(phosphodiesterase 3B, PDE3B) , Ak cAMP 7K, #E 1fij
T PKA Fil AgRP 1 28 J0 {5 P 5 JBR &7 I b 28 A k-1
(glucagon-like peptide-1, GLP-1) i i 5 HZ k454, b
] Epac 3 [A] #4 7% cAMP/PKA 15 5 1 % , o 1fif 3% 7%
POMC #HZTTIR 1 , B fE A 36, FEIRE Ak, AHR, BL
TR 2= AT 38 o W R A B R AR 4 ) cAMP, i R HE X
AgRP M2 Ju Ry, A S Ak 3k — B PR AL
HIAERE TAUATE & 5 RE R I FE AT
2.2 FEAERRALThEE

FENG T o3 ff 7 1T, 6 AL ) PKA W] LABA R T0 I 3R sk
41 W5 (hormone sensitive lipase, HSL) , ffi HiF% {7 2 fig
T L 38 2o Wl R AL R T A1 9% 85 11 1 (perilipin 1, Plinl) f#
W BT DR 4P B B, RSB U3 B 1, L ) 22 s B
T =R A5 i T (adipose triglyceride lipase , ATGL) J H i
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A RS 7 1 (monoglyceride lipase, MGL )™, JE i, = &}
X I 1% (HSL—ATGL—MGL) , ' H il = [ 5 7K fif Ay
FFA FUH I, 73858 UCP-1 FE R Y 383, £ PR 4obr 4 fi
RIS 4, 3K 5l WAT FR (B AL Jf 1558 BAT (97 #4681,

CAMP 3 12 XU AL i 105 G 0 : PKA Ji o %
WEmR 1k L Wt A R AL il LR 16 2D N oAt ity A
B AE B, BELUBT A 10 2 i ) RS 4 20 B8, 3 F i S Ak
fity & 3% 58 ¥ ¥ 1% 2 /& vy (peroxisome-proliferator-
activated receptor v, PPARYy) Fll CCAAT/35% F-45 A i H
a(CCAAT/enhancer binding protein o, CEBPA ) %5 i I ¢
I SR R - R 3R S R 10 200 B oA B g ot 5 RRURH DG
M2 i 5 o [RIET, cAMP A5 19 I 5 0 fide 1 o, 52K
FFA U, F — 20 0 46 Bg Wi & B 3E B, 98 20 g Wiy
B,
2.3 FATHEHER G

CAMP {5538 B 7E A A I I 2 vh R 4% DA A
YERT, i o Bl — R OGR4 (o bl it A T b
S MR VPR ) EREHLAR B RR A o AE R I 2
s _E BRI UAGE 1 Gs B R T IR A LB 2
HE cAMP A2 i s 24 cAMP T -0 PKA S, Jim #5381
Tl 12 b W i Bk 192 £ 1 % 8% (glycogen phosphorylase ki-
nase , PhK) 005 B [ 0 i , 410 0% I 45 1, L OB I 15
B, [FIET, PKA 8 3 B2 b cAMP S oo F45 6 2 11
(cAMP response element binding protein, CREB) | J i
1% Hs s =X Y B R FR ¥4 B (phospho-enolpyruvate car-
boxykinase , PEPCK ) Fl i % 4l -6- B R il 2 15 , 1 5 b 5
A, FE3E A 0 R SR M T -2 1 M BRI SR B -2, 6-
TR A i (B M R A, TR A AR

FEH B WL, PKA 38 3 £ 0% I 45 i 4 115 107 2
2, [A) s 70 T %67 %8 B 5% 32 2R 1 4 (glucose transporter 4,
GLUT4) 5% 437 LA R ] #5222 350, 100 S DA i i 28 243
fit. TEARNTAZD  PKA BEWERR 1L 5 , v IS HSL, i
HIh =R, BERCY) FRA BRREVE M RE IR Y, k>
JHE R S A AR s
24 HEBRBZERM

JBR 82 ZEACPT B A 0o s BRAAIE 22 B0 RE Bk BB N AR
WAL, cCAMP {5538 [ 1T PR R 5 B 20 i i Jie 5 2%
G3U, ELHERZ R I E R D SR A 2L AR T fe , 2R ] 52
P R oA 0K MR o RS TR B 4 A T
cAMP/Epac {5 5 18 [ 7] 3 i $2 5 BN JBR 5 B 400 1A 45
PR (B, JT A R e 5 B 4t i =2 1] Fi 7% 20 5 5 4R
T WA 20 P, 4 4 2 W BT % i 5 28 40 I 80 3™
CAMP/PKA 15 5 [ 38 3 X ATP AR P4 B 308 1 25 1 7 1l
FR Ak, R BCEE OCH] , 5| & B B A0 i Ak, AT
TR 5 38 3 WA A X TR % 2R A [ R 4% 5 IED, cAMP
TR BB IS TS PKA, 15 fL 1) PKA R K¢ S PR B 1t
JBR 5% 22 A2 ARG 1, T 1 JRe 5% 22 A2 AR A X 3 ™
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i MG AL R I 22 DI RE , 572 1) B JRE A S AR 12 PR IR B R
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YER - —J7 1, ol o i 4% 1 F kB (nuclear factor kB,
NF-kB) %547, B9 AR HE K F o (tumor necrosis fac-
tor-ac, TNF-a0) . [ 4l i) & 6 (interleukin-6, IL-6 ) 25 K JiE
PRl B S5 5 — D D, HAam 2ok PR 08 T AH OB s R
HZ 24k, M E RS S S E &R dREE T )
FIE AR A S5 Rl aZ 4 3 2128, DI/ DI 4 PR - TL-18
B W7 AT, 12236 438 o CREB A\ 3 10 5% 7 i 2
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REJRER Bl 3 v e B0 B
3.1 HZGEEK
311 EEIRALGY

R G B T LLGE 3 cAMP/PKA 15 538 B L
ATGL “F R IER 12238 P2 dERR T 43 , & 90 =i g
REFE R0/ AR E I N, I ot I A A
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1 2 W SE s T A K R R rh s S — 2B
LY B LAY, Abe 5558 o 3T3-L1 i
s 240 A8 e 3, A 22 HR S35 T T LA 5] AR 1
P& = WL A PKA IS A8 2 Ak HSL 25 [ 7K -, UE SEAH
15 22 H 4 35 5 I ] 3l 2 00 cAMP/PKA/HSL 17 5 i
5%, S i g o A0 B PN 1) R R . AR AE A BRI O K
B, KT 246 TR AR 7 A0 B g, AR i 3T3-L1 AR i
B A R T 43, A H IR = R A SRR R A R, iR
UCP-1.PGC-la LR 23k, (2 3F 66 B T4 #E , HAE AL
58055 cAMP/PKA/CREB {5 53 18 % .
3.1.2 KREEZRFEMEY

R R ARNEZ AL G, B3+
BUGMESY 2 — o GuE iR LB, 7 S IR I s T 1
RERE/NER P, 435 RES LIE UCP-1 . PGC-1a 55 BAT #¥
SEMEL R Y 2K L 0TS cAMP/PKA {5 53 B A F
WAT #6748 FIHE N6 f THFE R G R DI RE e i . 1455
TR 5y FERTUR YRS 2 Fh 2 B
P 2 I T R 2% 24 B2 T AT R AR ) R
TV AE AR A AE TR ARIEA T8 25 0 5 28 HepG2 4 g 52
IO IESE , 3% AT 8 ok T 8 PDE3B 3[R 33k, 8 in
cAMP & i, A T A IR AR R kAR E
SR T Y HepG2 41 A A FR 78 64 700 e B &2
B, 1B RE A 0 25 48 I A B P cAMP &5 i, 2R 1T TS
PKA % HIFAE i HSL BEER 1L , D\ I ik i e ik 7, Jee 3
BRI IR AR
3.1.3 BmRAw

LW RN LRHEY) Z MR ZE PRI 2,
Wang %5 5T & B, 22 5 Z g5 1517 cAMP/PKA/CREB
{55538, Wos H U EEE R . 76 BB LIREREZ

hoffmone
o" o

Plinl, UCPI , Dio2.
PGC-la.CIDEA |
Acox1 ,PRDMI16 |

O e

NV~ L 8

oo b W*’ :
0 R

TG |3 IKKB : IkBI A ; hormone : i & ; neurotransmitter : #1222 i ; HIF-1a: 54015 5 [ F 1o Srebfl : B B A5 OS5 & E 115
ChREBP : il /K fb & W) U JC 45 6 86 11 ; FASN : JiB I R it ; SCD L : i R A A Z 1 ANl 1 Dio2 : 1 AU Ak HY AR S5 S R UL ; CIDEA : 41 i 5E
T S DNAF BALF T ARSI I FA ; Acox 1 : ik S A E AL 1 ; PRDM16 : PRESFIIAT & 7R 1116 ; FOXO1 : XCLHERR 11 O1; G6Pase : i 4515-6-
WEERR ; CPT Lo : A BFS R BE S RSB Lo; CAPL: IR FRINMUBIAN S (1 IRS - RIS R Z W) o

Bl cAMP{ESEEXIBHABENHRERE
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BN S B 3T3-L1 BRI 4R, 22 ¥ E ek
T b AR 3 A1 T i T A i R 7 A i, DT i 2 R AT
I3 H T = R KT 5 T R i A /) BRUBR 7 4 41
b, B RERS I 1 3 PKA FI CREB #9555 15 4k, B 11t
JE NG , B AR LTS FFAKOE . 2B —Fh R AR
Z G, Zhao SIS I, 1B B RE S T 1 =
BRAR 5 T 0/ BUIR I 20 20 S E R T e 38, i aod 4
$£ PDE3B B35 7K, I /0> cAMP FL 2 | B IHf PKA/HSL
T BT, T TR R DT o0, R AR BUIE VR
3.1.4 WEILEW

AS R RAEFEAS BRI =i 21, Yao 27
i E IR IR E S/ B BEE R & B, NS 21 Rd RES
i Ak BAT H 5 F= AL K (A0 UCP-1) 3@ 35 K 3 fin i} €
PR, IFHE N I S0 WAT 4H4148 78, 8 PGC-1a,
PPARa CIDEA %55 R 363k i /E 5 cAMP/PKA {55
W YIS IO Z B, NS B CK Bk
AR AR IR B 5 IR R /N BB B B 5 BB D L B A
Wil AL RE ST, 8 PPARa \Acox1 .CPT1o %5 3R 5k
FF UG cCAMP/PKA/HSL {5 53 i , 80 A5 7 45t , A2 7k
NG ATGL 23k , Mg W5 iR . B AL 02 N 17
BRI Y B 0N R AR Bz b $R B L3R =5 281k B9, Zhu
U R IR, B A ELT R R 5 I TR LA OC 2R
H 185G I Ms St R Z MM E/ER . X—1EH
BELIRT T cAMP FAE K PKA B938T , DATT 30 k245 518
B I BETE A . X — R B S 2 PR AIRARE R T (A
TNF-a IL-6 55 ) /KT, 2R Wi L 2L RAE RS, ek
HRIBIREIS S/ RALE A
3.1.5  HAhfk &4

Liu S5 B 5% & B, 8k K A 22 0 o] B 3 52
cAMP/PKA 15 538 [ , 035 T A A5 A0 . Gao 26
e VAR ) DES R AL N AR VAT ESY TR LN YL R 0 N ORI
AN EEAR Y, 2 BB 7 i T e RS R RO 8-
IR 22 AR S T CAMP/PKA {35 538 4 412 3 P 5
A3 F RN H I = R ZK S [] o 1 5 2 by 1A e A, P I
KPR o FASAG T2 DR A28 FIAS S 4 h i
BURZE B 254 5% . Haddish 28158 1k 3 B4 SR 2
X =B S0 S HL 5 3T3-L1 WAT 4 g Fi /N BB 76 rp
% M 1 B8 % 1A 1 (dopamine receptor 1, DRD1) 1 DRD5
HIAHEAER 25 R BRI R4 TP RelS L UCP-1.PGC-
loo .PRDM16 %57 A FE R K3K , T 4 CEBPA \PPARy %5 %
PRI 2% 3k, 3R B A SR 48 11 7] fe 38 o 7% DRD1/5-cAMP/
PKA {5 5l , L= O  RAFHUIEREER
32 HHEH
3.2.1 Tl

WEBUR BRI T, AR R AR
J7), R CHIE IR% BT AR, A BT
BB AN I T, T2 R T R IR IR IR T o
Liu %2R = I8 ik &1 5 R BRUIE AR IR 24
2EHR UF S 1R ARE . RIS R BV R i
cAMP/PKA 41 5 %) PPARa.FOXO1 F NF-kB {553 %
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S e K R BIDIRES o A= bkl A 4Rk R (e
AT JEWER T MG HE RIS )  H A S T4 I
T, B R R E MK IR DI, Wang %51
R 5% 4 B0, A K 5 RE A% 52 M 4 N g 3 BRI R A1
B, R HE M2 20 AR AL, I 350% cAMP/PKA/HSL {5
S e HE WAT #3748 JRITIERE . V5t B ARTUK
s (A RS ), FREETS L AR, HAA R AR
AR TR, T &5 5 R A R &5 S IR I
i /N BT S AR AMFs 5 3T3-L1 4 i 4 AR A7 | %% IR
JLREAR F WAT J2 BAT PR 11 1 3Rk, L4
ferh UCP-1.CPTIB.PPARa S5 3R &3k , L HFIE A 1E
RN AR UE WAT B el 30 BAT, HAEFBLEI ]
fit 5 GLP-1R/cAMP/PKA/CREB {Z 5l J6 5 %, FO0 K
HAT 3506 I AR IR AT, 28 SO 1o R 4% 2Y
BREEFO T 770 BRI 7 IR T e 05, IRt — 25
IR IR A T A IO RE /N USSR R 3T3-L1 il s 41 A 74
PATIRAIE . 25 R0, 370 [CAENE 8 3L I cAMP/PKA
{5538 %, {12 JF B f# AH OC & 11 (40 HSL . ATGL ¢ Plinl )
eIk AT MR AL , A AR 2R 105 70 . R IR 7 R RE Y
YER
3.2.2 HiZy

T R A R — ol R B i A i 9 )
245 IR B T I RE (AL . Wu SF 5 L B, 125
{6 Jl 40 8 0 FAAIC  MR R 05 T A MBS A AR /N R
O UKHE 0 FU R WAT i, B8 BAT i 48w fig i
TG ; [R1AT, A2 2 F0 RNA T 220, 45 7 15 2558 f
S5 , /N BRUIR 7 4 21 R B9 GPCR 15 5 1% 5 il cAMP/
PKA {5518 900G , JE e 2F WAT 204 Jin \BAT 7™
TR, | e 2R P 5 s I P E

Zi LTk, W 2552 Jr 3 v BEHHIEIS IR RN SO
DR HLAAS R, R B A AT, 254 D0
FORR A 24 PR R , A0 A S ELA B AR T /R B 2 5 iR
2, BB AT AT cAMP {553l B AR 7F BAT 7= 34, B R
ARG, ZAEBUIERERIAE ]
4 Z5iE

JE Bk 2 A B UL 1) 1 I8 7 2 2 R 5| 1 e g
iz —, HRRALHI A 2%, # 5 | &— R FMREHERSR (n
2 RUBE PRI ARTPRGPERS W7 I 5 R | = B ILAE ) , 7 K
ZARHERE . cAMP {5538 IS AE IR i o3 Wi NE g
K RE A A T R T ORREE . AR S G R B
P, v 25 BE %30 i cAMP 15 5 WX 41, P 8] 9 #22 PKA
Epac.CREB.HSL ,PPAR«a . FOXO1 ,NF-kB.,GLP-1R %
SO U o B B, LR R RO AR o

ZE LTk, v 2 sk K 52y v B 2R A RE RS
KGR cAMP {55538 [ 1 SC 5y ot 38 i A2 2 g 77 40
il FRIRE T A R B 0R BAT 77 44 M 0l 3 g8 15 25 Hk b 45
ZEHLH AR HLAREE A, DA T FUIE e

China Pharmacy 2026 Vol. 37 No. 4 + 525 -



MR SRR, XML 2RI RS
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