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[ Z )88 UEE )X 2 BUBE R 9% (type 2 diabetes mellitus, T2DM ) K BUBE IS A 81 & B 17 18 350 3 198 5 1f B 28 FF Ik -1
(glucagon-like peptide—1,GLP-1) 5 45 B i 412 1 1 2 2 JIK (glucose—dependent insulinotropic polypeptide , GIP) | i =i IfiL 4 2
(glucagon,GCG) . B ( gastrin, GAS) s, 135 T 2Rmk I 1 ( cyclic adenosine monophosphate ,cAMP) /& [Ep 1§ A(protein ki-
nase A, PKA) {5530 BRI AH SC IR AT AL o 77 3% 4 40 HURR 9 UK (specific pathogen free, SPF) 2% ik 246 - 27 (sprague
dawley, SD) B R B2 30 N PEME SR 1R, BEAILAY J2s FUZAH (10 FOFIGEREZE (30 ) . a8 (4L T % MR RHIR % ; i A4 T 3 i
DRI SR 4 S AR 12 b, B I — R PR S5 IR 14 1A 3R (streptozotocin, STZ)35 me/kg #4)7 T2DM AEAY A4S f5 ARG I
TRV TE AL R FR A A AR — WSO ARt 2, A2 10 L, AT () ER I E 22 R oS 13 5 L (P>0.05) o AT AIANI T
T, HOBUNRAL > — W RUNRHE 1 i 2 4 o) 1 190 4 0 e A B 2 I LMK (fasting blood glucose , FBG) , T 151 8 i J& , 4l
KEIMES B RS ZE (fasting insulin, FINS) . H ¥l =B (triglyceride , TG) . & JJH [& B (total cholesterol, TC) fI% %% & Bg & H (low
density lipoprotein LDL~C) . & % & i %5 H (high density lipoprotein, HDL-C) & GLP-1,GIP,GCG ., GAS 7K ¥ ; I K R - 4L
(hematoxylin—eosin , HE ) 4% {732 WL 8% A BRI iR 9 BE 22 A5 £k 5 T 5 G0 B8 WS B 5 (enzyme—linked immunosorbent assay , ELISA) il 5&
cAMP (15 1 5 25 H S EITE (Western blot, WB) & 3 i i 20 2% G 25 AR I A YT iR 32 4 5 (takeda G protein—coupled receptor 5,
TGR5) .PKA BEFR AL I 14T A ( phosphorylated protein kinase A, p—PKA) BT AR 1/3( proprotein convertase 1/3,PC1/3)
M FRIRAKF. B8R 575 FUAUHTEE B K RUML TS FBG  FINS KF- K TG\ TC \LDL-C & B i T+ (34 P<0.05) , GLP-1.,GIP,
GCG.GAS ik Je HDL-C # it W] 2 FEAR (3 P<0.05) 5 K UBEAR 21 21t B BE 45005 5 O FUBEAR AL 2P i) c AMP 7 ik ] S A1
(31 P<0.05) ; TGR5 .PKA .p—PKA \PC1/3 [ [ 2235 K- B B FFAIR (3 P<0.05) o SRR AH LE , — FFY XUV B o) 2 B If ¥
FBG .FINS /K°F- % TG \TC . LDL-C & 5 ] 8 B % (34 P<0.05) , GLP-1 .GIP .GCG \GAS ik K HDL-C £ it W & T 55 (45 P<0.05) 5
K BRI IR 4 S35 0570 E e 5 K U IR A1 20 1) c AMP 57 BT 2 FH95 (4 P<0.05) s TGRS (PKA . p-PKA \PC1/3 Y 2B 1 4636 7KF-
WY FH 5 (34 P<0.05) o £518 - £ 0] RESE o IS cAMP/PKA 15 5-38 Bk 85 2 B0 PR K R 0% 15 1 R, s R i A Qi
KFo
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Effect of acupuncture on glucose and lipid metabolism and

gastrointestinal hormones in rats with type 2 diabetes mellitus
Liu Xiaoya, Qi Fengjun,Li Huimin ,Xu Xiaoxiao
(Department of Massage , College of Acupuncture and Orthopedics , Hubei University of Chinese Medicine )
[Abstract] Objective: To investigate the effect of acupuncture on glucose and lipid metabolism and gastrointestinal hormones
[ glucagon-like peptide—1(GLP-1), glucose—dependent insulinotropic polypeptide (GIP) , glucagon (GCG ) , and gastrin(GAS) ] in rats
with type 2 diabetes mellitus (T2DM) , as well as related regulatory mechanisms based on the cyclic adenosine monophosphate
(cAMP)/protein kinase A (PKA) signaling pathway. Methods : After adaptive feeding for 1 week, 40 specific pathogen—free male
Sprague—Dawley rats were randomly divided into blank group with 10 rats and model group with 30 rats. The rats in the blank group
were fed a normal diet, and those in the model group were fed a high—fat and high—sugar diet for 4 weeks and then fasted for 12 hours,
followed by intraperitoneal injection of streptozotocin (STZ) at a dose of 35 mg/kg to establish a rat model of T2DM. After modeling, the
rats in the model group were further divided into model subgroup , metformin subgroup, and acupuncture subgroup according to blood

glucose, with 10 rats in each group, and there were no significant differences between the three subgroups. The rats in the model sub-

group received no intervention, those in the metformin subgroup
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EIEVES : A, Email:2300543954@qq.com group were given acupuncture intervention. Fasting blood glucose
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were given metformin by gavage, and those in the acupuncture sub-

5 H BR - https://link.cnki.net/urlid/50.1046.R.20260126.0952.006 (FBG) was measured weekly, and after 8 weeks of intervention,, the
(2026-01-27) serum levels of fasting insulin (FINS) , triglyceride (TG ) , total cho-
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lesterol (TC) , low—density lipoprotein cholesterol (LDL-C) , high—density lipoprotein cholesterol (HDL-C) , GLP-1, GIP, GCG, and
GAS were measured. HE staining was used to observe the pathological changes of the pancreas ; ELISA was used to measure the content
of cAMP; Western blot was used to measure the protein expression levels of takeda G protein—coupled receptor 5(TGR5) , PKA , phos-
phorylated protein kinase A (p—PKA) , and proprotein convertase 1/3 (PC1/3) in pancreatic tissue. Results : Compared with the blank
group, the model group had significant increases in the serum levels of FBG and FINS and the contents of TG, TC, and LDL-C (P<
0.05) , significant reductions in the expression levels of GLP-1, GIP, GCG, and GAS and the content of HDL-C (P<0.05) , and patho-
logical injury observed in pancreatic tissue, as well as significant reductions in the content of cAMP in pancreatic tissue (P<0.05) and
the protein expression levels of TGRS, PKA, p—PKA , and PC1/3 (P<0.05). Compared with the model group, the metformin subgroup
and the acupuncture subgroup had significant reductions in the serum levels of FBG and FINS and the contents of TG, TC, and LDL-C
(P<0.05), significant increases in the expression levels of GLP-1, GIP,GCG, and GAS and the content of HDL~C (P<0.05) ,and alle-
viation of pancreatic tissue damage , as well as significant increases in the content of cAMP in pancreatic tissue (P<0.05) and the pro-
tein expression levels of TGR5, PKA, p—PKA , and PC1/3(P<0.05). Conclusion : Acupuncture may regulate gastrointestinal hormones
and improve glucose and lipid metabolism in T2DM rats by activating the cAMP/PKA signaling pathway.

[Key words]acupuncture; type 2 diabetes mellitus ; glucose and lipid metabolism ; gastrointestinal hormones ; cyclic adenosine mono-

phosphate/protein kinase A signaling pathway
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BRIV T2DM A9 7T REFLH

2 B PR (type 2 diabetes mellitus, T2DM ) f&
DA e I 0B B2 2R 70 A AN R A R A 18 A8 P
PR, AU v AR ) o B R A R M AR AR R
fLJE T2DM %0 1 F 2 P, A A 2 5 0% 1
R, i R v AR TR AV ) 3 Bl A A B AR
15 77 A3 [E T2DM A9 A5k 58 2 PRt g K #40
BBl A A 2K AL LASN IR I 3R 8 0 X B XA

RS T

L1 gttt
L1l SEIR 8y A S50 B4 2 06 J5L A (specific patho-
gen free, SPF) L HEPE SD R F 40 H, i Bl B E 4L L 50 5)

FE AR BN B B 3R R AR T2DM R Y 55
—NRHER RS, HAT, B iEEER Ok T2DM R
I BB A, T v 1B 2R A K- 1 (glucagon-like pep-
tide—1, GLP-1) | i % Bl 4 #1 1E fie Jje &5 =% 2 ik
(glucose—dependent insulinotropic polypeptide, GIP) |
i 175 1 2R (glucagon, GCG) | B WA % (gastrin, GAS)
S5 18 R RE S A R IR B R W, = 5 1 b
HEACHES A DTS HE— R W, i 2o O PR AR
(cyclic adenosine monophosphate , cAMP /25 FH 34 it
A (protein kinase A, PKA) {5553 [ AT A ¢ B 1
TE VRO R W [ K 2 03, T A I B 4
JLZh RE AN B AR A 151

HEE A T2DM 22 P LR 15 A8 i I <52 i
GRS L R R ) TR AW SRV g
T2DM A &7 587 A7 i S 3, R 15
PR GAS By 73 WA RAVEW T EH] . A WFE
W, R AT g K BB B 2 2R R T A AR 1
(adenosine monophosphate—activated protein kinase,
AMPK) B 15, {H BRI BE 75 38 13 301 c AMP/PKA i
6 O e 45 15 T T R T R e IR B 2R ) 23 0 R R
PR i A WTERS . DR, ARBIFSE L T2DM R FRUEE
RGNS G, WG AT il X5 T2DM K BB A G i

YA BR S AR S A: P21 AT HIE 5« SCXK (55 ) 2020-0018], K
W 4 8, WA R R 130~150 g0 SEERTEVLIUR F 5280 3h ¥
FhUC BEAT 8 F AT HIE S - SCXK () 2022-0012], 47 35 #7485
TR PR 7 (23 £ 2)°C, HHXHR B 40%~70% , 75 H S IR/ 1
AR5 12 ho T KBS N IRIFR 7 d, A BRI K &
S0 A PR I G A T I 2 Rk 2 B S 56 sh i ATE 5T 0 2
HE)  POKRT SRR H B, SR T RV R 2R TR sh )
e HEZE By St (A L5 - JHDXL1.2024-091) .

1.1.2 EZRF 4 PR AL T & (streptozotocin, STZ, 4li Ji >
98% , 5 [H Sigma /A 7 , 5 5 V900890) ; #7152 ik =4l ( ¥ %
SEARA AR A R T 525 $886023) 5 MR R ( L
AR A FR S 7], 5585 €805019) 3 518 — F WU A (Hh
26 b Vit S S 25 4 RN 7L 3 S0 S H20023370) 5 B IR
B AL (g 5 s A MR A PR R 5 4% 2 R WK
(Biosharp, 525 BL539A) 5 5 5Ube (IR I B IR A RHE 7 FRA
), A5 R510) ; AR ZE-prar (hematoxylin—eosin ,HE) YLk
(g2 B 2ERH A R F] L 585 71014460) 5 cAMP FigEX
A 28 W ) 52 (enzyme—linked immunosorbent assay, ELISA)
WH & (BFESF, TS R-M-R02907) ; GLP-1 ELISA i ¥ &
(BiFE5 , #15 R-M-R03047) ; GCG ELISA if 7 & (5138 5%,
#4145 R-M-R00102) ; %5 JEJE 17 % (fasting insulin, FINS)ELISA
K& (BIFEST, 85 R-M-R02840) ; GAS ELISA it F & (%
FE 5%, #l4 R-M-R62256) ; GIP ELISA it 7l & (i 38 5%, &
5 R-M-R07092) ; HRP #ric s Pt 1L - IgG (Jackson Immuno
Research, 575 305-035-003 ) ; HRP #7510 11 2E470 it 1gG (Jack-
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son ImmunoResearch, 8 5 111-035-003) ; HRP #5ic 1L £ 41
j(LirT?{‘IgG(Jackson ImmunoResearch, 525 112-035-003) ; HRP
Frig W £ 307D B 1gG (Jackson ImmunoResearch, 5% 5 115—
035-003)

L13 FEALE i (mEREEYT , B1S 590) ; £ i 4o 1
HLOGRBUR A TAHRRA R, AS JB-L5) s H UK ML (I
BB T AR, BS JT-12)) s3] L (R R AL 2 G
BRNF], BI5 RM2016) ; Y3 175 B L HL ( Beckman Coulter, -5
Microfuge 20R ) 5 ZH ZUF JE5 A8 (o I B8 2 /R A= W B A BR A
7], M5 KZ-10) 5 B {4 4% PR (SCILOGEX , 24 5 SLK-03000~
S) ; FilF R (Molecular Devices, 5 SPECTRA MAX 190) ; 41
RAE (AL TR RIFR B Y7 95 DA PR A, BEA% £ 0.30 mm x
25 mm) ; FLEFIRYT AL ORI BMSGH RS A FRA B, 85 XS-
998B).

12 FJik

1.2.1  T2DM K BRUBCRA KB i M 5 1 U, Bl
LA R as FI2H (10 B FvE B4 (30 B, % 0 s s bk
G STZ K48 T2DM BERY | ELAASRAE Ny « = Mmoo i e i 5 4
JAJGEE 12 h, BB I — R MG STZ 35 merkg, 25 FIXF IR AL
I S A R R AR R BN R 0PI . 72 h S R R DK CR I ARG )
FBG, A FBG=11.1 mmol/L A i A5 s D m i), o s A FRL P
RTEST MR STZ . ARS8 30 R BRI , i
100%

122 SEERArAH S EHAL10 2 R Ry 30 KRB L
SRR 10 5 T SUIRZE 10 2 EF#I4H 10 H (34 jR) 24
SRGHHE ) . T IR H IR &L 4 HU6 T2DM
KRB R A B T e i R AR, A2 21 R ol BRI A
AR M i 5 S AR 2 X EE PR U H UM &L ] 2 Fh
T I O Ay T AR 9 LA UNIZ A B e
WA STAR A il T F T cAMP/PKA {5238 6 0 52 00, 8 11 40 BF
RS AC IR B i B R SR VR IR IR AR .
123 FHOE 2 HHS SRR MZR KR SR R
PP, AREIZE | XT3 2H U 25T 7o 1 e el
FIZEMK MR . Horp BT R AR 100, — F XU LSRR
U RO S T, RSB 9y ik ) e R
oo HOBUNIAR K B B s A b I B R R A 2 i
BRI BUIA (0.5 of i) BIFRE 35 T 100 mL #E 47K i
K, BN450.5% 5 1R — B OBUICIR B30, LA 150 mg/kg 1) 5
RS 1R, BT A . A T L R
9:00-10:00, H [ 72 S 00 A B EAT S il , FH BRObR 1 5 K
L, 2 IS5 s i L 24 B 5 6 56 2 35843 R B!,
RIS RAR AL = HE R P e, EFIRIAREE A S mm, B
B 80 B I 4 Hz/60 Hz, 58 1 mA, B4t 15 min, & H
LR, S 6 d fRE T d R 1TATRE, IE 84T .

124 BRACREETE B T EE i 6K BB R AT T
B, R ML DR e FE A AR I 2t 5 = Ak , 283X A
UK FBG . 58 8 J& T B , i K REE & RER/K 12 h,
W A 2% S FUBEIRRINE , F1FFHE IS , U7 B M 2 sl ik, DA — Wk L
25 AR 2T 2 1 S KGR S ILRE 4~5 mIL/H, 3 000 t/min &5
> 10 min, 43 BS ML T 5 4324 T 1.5 mL EP 45, & -80 ‘CYKAR %
&R Bumgs s, BUL AR L1, — 3B 2 T 4% %

REEh, — &5 IR AR A
1.3 ArAten]
13,1 SHARBBASHEIRIE  HRZ MR E FBG,
FRACRAE 58 WU 28 ELISA S50 £ 0 A2 FINS 7KK, 7™ A% 42 I
A B iR G i U I AR SR SR IF4RAE . 3R45 FBG 1 FINS %%
{ELIS , HEATHE BN S« 198 5 R ACHTHEEL (homeostasis model as-
sessment of insulin resistance, HOMA-IR ) =FINSXFBG/22.5;
Ji 5 25 FBURHE $X (insulin sensitivity index, ISI)=LN[1/(FBG x
FINS)].
132 AARBIBBHERNE 2 [ 30 A SCRIR B
1L %5 P H 0 = B (wiglyceride, TG) | &L AH [5 8% (total choles-
terol, TC) %% & 5 5 H (low density lipoprotein, LDL-C) | /5
25 % 5 25 1 (high density lipoprotein, HDL~-C) A% & 1, " #% 4%
RS BRI & i DR TR R IT#RAE
133 A4 REE EMEREERNE R ELISA I E
13 1 GLP=1.GIP .GCG .GAS .cAMP [ 3K &5 ik, ™ # 4 I
B G M EOR R AL IR
134 HAHKFBRIRA LU K 2 R
SE VR Y IR AR A ZURUH MR SEUBEK ALH VT (HE B (2
LR, BOUGAEWAEE X L WLEE 4% 2H IR A 2H S U B 25
2R
135 HHARRBERALPARCHEANE Bl AR
— TR IR AR A U, AR SR TE VR T I X 50 8 S A
UL TE B B 5 b R (radio—immunoprecipitation assay,
RIPA) X 20 23R H R4 T 52 30, AR 2 A 058 R/
il 10% 953 BEHEAN'S % B A , ZE A Y 3 2, iz (Tet-
ramethylethylenediamine , TEMED ) Ji 37 B Ji 5 &b B 47 19 4%
AHE A IRk, R =3 2 M (Polyvinylidenefluo-
ride, PVDF) I 25 FBETE AL 1 min i, #EATHEAR (1.0 h) s B S
A 5% JBNR A5 IG5 B AT 1 he IIAGE VR FE R —HT, 4 °C
W B Z R L (B LA 1:5 000) , i MF H 1 he
RGN G AL, )7 28 Imagel] 5381 H bR 1 655 B
{8, 7158 G 8 B I I R 32 14 5 (takeda G protein—coupled
receptor 5, TGRS ) | PKA | % /2 1k 25 (1 i 8 A ( phosphory-
lated protein kinase A, p—PKA) i 8 F1 %% fL i 1/3 (proprotein
convertase 1/3,PC1/3) FUAAXT ik
1.4 %57k

AWFFE R SPSS 27.0 #4748 1543 H1 , GraphPad Prism
8OVEATH A . 4 WERH £ Shapiro—Wilk K& 36 IE S 745 &
IEASE (P>0.05) &, AL = bRifE 2z (v + 5) Fon . Z4110]
LU R B R 2 5 25 5007, Jr 22 55 Ml 5T Levene £ 55 i A
(P>0.05) . 4 SR LS AT Gt 2 2 U, gt — 20 R
LSD—¢ K S0 b A7 I LR . T G 4G 96 49 S UG 46, A
55K UE =0.05,

2 # R

2.1 Bz X RABERMFIRATILE

T8 JE BT IH] , 25 P 4R B BE AL IR AP A, R AL 2
R ELFEALIMME KPR o 528 A RS, BORLZH K RAE &4
B 1) B3 11 B AL XA 7K P 287 B S8 B84 010 (25,5 14 =6.688 . 8.096
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5.789.15.474,15.148 ,15.169 , 14.208 , 18.060, #4J P<0.05) ; 55
BRI LR LA, — FROBUIA AR 0 2 K BRUBE AL I 7K 5P DT T30
4 JE T 05 I S B AT (1) 5109 =3.852.6.156 , 4 P<0.055 1, 155 5=
5.782.12.287, ¥ P<0.055 1, 1565 =8.067 . 13.065, 4] P<0.05;
by 505 =9-462 .12.903 , 5 P<0.055 1, 1 45=13.151.17.970, ¥
P<0.05) ; 5 ZHUSUIRALAH LL i 20 R BRBE AL B 7K 7 AT
4 FTF AT B B B (1)) 155069 =3-304.6.505 ,4.998 ,3.441
4.819,%# P<0.05), WLFE 1.

Ha F A ML, B8 H K FBG /KT FINS JK -
HOMA-IR 8 % B9 & 3% %5 (1,=18.060 . 11.389,23.027, ¥J P<
0.05) , ISTFE X 5 °F % (1,=28.317, P<0.05) ; S EIZH AH L
T XUAREH A4 3012 K B FBG K P \FINS 7K F K HOMA-IR

BHOWT T B (1) s =13.151.6.293,17.642, ¥4 P<0.05;
tysng=17.970.10.251,22.396, ] P<0.05 ) , IST 5 5 W] (2 38 =5
(1,=13.522.25.211, 3 P<0.05) ; 5 = H SUNZA AR LE , & 0 20
KB FBG 7K F- | FINS /K - &% HOMA-IR 35 % 1 8 F [ (1,=
4.819.3.957. 4.753, ¥ P<0.05) , ISI 1§ % W & 1 & (1,=
11.688,P<0.05), W2,

22 ZAXFAMARMIRIFLE
5 HAM A K B E TG . TC & LDL-C 3

i) & 0 B TF & (1,=7.279. 6351, 12.922, 1 P<0.05) ,
HDL~C 75 2 W] i A1 (£,=8.852, P<0.05) ; SHERIAAR 1L, —
XD 2H A4t ) 2H TG . TC & LDL-C 3 T A4 & & B i B AG
(1) g =4.319. 4509, 9.463, ¥ P<0.05; 1, =4.693 .
7.965.12.487 3 P<0.05) ,HDL-C W] 5 5 (1,=3.626 .7.235,
¥ P<0.05) ; 5 Z HOBUIRZLAH 1L , &I 20 TG . TC & LDL-C 3
T 25 12k B A (1,=4.373.3.455 .3.023, 3 P<0.05) ,HDL—-
C 8T8 (1,=3.609, P<0.05) , IL3E 3,
2.3 BAAKRAMIRMLRIAREF L

JEE IR HE J 6 7R, 25 LA R RUBE S T2 25 S B
G, R, BN AR 2, A 5] A
BT 4 R BRUIBR 5 T8 AR U], sl G R, T AR A AR /0N, e
5 S PRV A Tl R P A0 3 0 T R 34 , B2 P 40 5 o 9 2, HE 37
P o SREARYALAR L, — B SUNCAR AT 0 20 K R 5 T 2
BRI SE I, B A0 AR G 2, HES R S DL
1A 2,
24 BHKR B MHEMEIRARLE

5o AU H BERT L R UM TE i 4 R S B R
GLP-1.GIP.GCG .GAS Rk H W] i T 1% (¢,=12.999.14.409
10.706.32.768,, 3] P<0.05) . SHBIAYZAAH Fb , = HH OBUICZ Fn

®1 BSEXRTHEHHMLETLER (x+5,0=10)

#H 5 F i 1) T2 T3 JH + i 4 & TS JH T 6 J&] 57 JH T8 J&

A 7.07 £ 0.67 6.60 £ 0.20 6.97 +0.61 7.10 £ 0.50 7.20+0.26 7.06+0.84  6.53+0.46 6.13£0.15

FRAIZ 2463398 2520295 2500+3.01° 2277+031" 2397+1.76% 2437£2.11° 2250+1.39° 19.50+1.61°

THXUIRE 2387 +4.49"  21.83+3.95" 19.83+4.15" 18.87+1.80" 17.57+1.53" 15.17+1.40" 11.87+1.72" 9.77+0.25

BT 24.97+8.35™ 23.16+£2.70™ 17.73+7.29* 1653+ 1.60" 10.37+1.37" 945+0.83" 8.00+ 157 6.20+0.78"

FA 22.066 27.465 23.526 24741 92.024 90.961 82332 144.895

PAl <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
H:a, 525 A LEL, P<0.05;b, SERIZ LLEL, P<0.05; ¢, 5 I RBUIRZHAH 1L , P<0.05

%2 HKHEARFBG.ISI.FINSF HOMA-IR L% (x +5,n=10)

2H 5 FBG (mmol/L) ISI FINS(ng/mL) HOMA-IR

2 HA 6.13£0.15 -3.07 +0.08 3.52+0.20 0.96 + 0.07

REAIZH 19.50 + 1.61° -5.65 £ 0.09" 14.76 £2.18" 1271 = 1.16"

ORI 9.77 + 0.25" -4.42+0.11" 8.55+ 1.00 3.71+041"

AwiE 6.20 +0.78" -3.35+0.16" 4.64 +0.22" 1.28 +0.20™

F{A 144.895 330.920 52.893 232.522

PE <0.001 <0.001 <0.001 <0.001

Hra, 525 U IR, P<0.05; b, SHERIZ HEE, P<0.055¢, 5 — B OMUIRZH AR HE , P<0.05

#*3 &HAARTG.TC.LDL-CHIHDL-C&ELtt%E (x +5,n=10)

415 TG (mg/dL) TC(mg/dL) LDL-C(mg/dL) HDL-C(mg/dL)
IR 27.29 + 8.05 45.92 +7.29 7.25+0.89 39.28 +4.78
LA ZH 85.16 + 16.89" 76.15 £ 8.71° 37.83 £5.50° 15.07 = 3.41°
Z AU 66.72 + 3.98" 54.69 +0.87" 1543 +1.19 24.99 + 1.63
Sl 47.85 +3.64™ 38.24 + 2.49" 8.28 + 1.07" 34.86 +2.78"
FA 19.533 23.676 72.293 31.140
PA <0.001 0.003 <0.001 0.004

Hra, 52 AULLEL, P<0.05;b, SRR LLEL, P<0.05;c, 5 —FWUIRALAH EL , P<0.05
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C. —HXUIRA

D. £ fild]

E1 BHKXRBERHERELER (200 x ;#8R=50 um;n=10)

80 =

60 =

40 b T

20— a

JB IR ( x 10° pm?)

1

‘& \“%’ ® \W%

7@@ )@% &$§. %@
&

AL B2 K BRI 34 1HT

0.15=
Lé‘ 0.104
fo b
o LI
e a
2 0.05 -
g
23
®
0.00 T
“%’ \‘% @ \W%’
?r/;/® ’%fy &@"&. ‘324{%

<z
B. &2 K BUBR S AN A 25 3

W ra, 525 I AL, P<0.05; b, SEIRIZH HLEL, P<0.055 ¢, 5 - XUIRZHAH EE , P<0.05
E2 BAKXRERTFHERMAMBETHER(x+s5,n=10)

BT 20 K B i i A i 4 FhE g 1 R GLP-1.GIP . GCG,
GAS F ik B W L Tt (1, s =4.501. 6.350, 4.000,
18.045, 4 P<0.05; 1,4 4,=9.521.10.535 .7.790 ,22.633, 3] P<
0.05) . 5 HUBUICZLAH b, 1 5 2 BRI 3 T 9 GLP-1
GIP.GCG.GAS ik ¥ & I 7} (1,=5.020.4.185.3.790,
4.587,34 P<0.05), W3 3.
25 &8 K R MR cAMP. TGRS PKA , p-PKA . PC1/3
BG FGA R

523 CLEA L, BB ZH K BRI ZH 4L i) c AMP 55 2 1
A (1,=10.208, P<0.05) ; TGRS .PKA . p-PKA ,PC1/3 i &

26 17K I P AT (£,=8.881.13.163 ,14.301,11.250, 2 P<
0.05) , SHETRYLLIHA LL, — H B R4t 46 A Rl e i 4 2
A cAMP % 5 W W T (4,=4.293 . 6.824, 3 P<0.05) ;
TGR5. PKA ., p-PKA ., PC1/3 i 25 H & 5 K F W 8 T+ &
(1) ey =6.371 7.320. 3.298. 6.180, #J P<0.05; 1,44 =
8.751.11.971,7.813.9.985, ¥ P<0.05) . 5 = H BUIK 41 #H
LU, 00 20 R BRI R 21 2R Y cAMP B i ] B T o (e,
3.530, P<0.05) ; TGR5 . PKA . p—PKA . PC1/3 i 2 11 & ik /K
- 5 TH 7 (1,=3.380,4.650,4.515 . 3.804, P<0.05) , WL.E 4,
3.
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#3 KBEAKXRIMEGLP-1.GIP.GCG.GAS Lt % (x +5,1n=10)
415 GLP-1(pmol/L) GIP(pg/mL) GCG(pg/mL) GAS(pg/mL)
{EE 9.08 +1.21 63.02+5.19 125.08 + 5.58 65.13 1.71
FRIZ 1.83 = 0.36" 27.66 + 2.36" 48.85 + 14.14° 5.90 + 0.45"
Z AU 4.34+035 4325+ 1.81° 77.33 +7.29 38.52 +3.69
Sl 7.14 +0.39" 53.53 + 1.49™ 104.31 = 4.46" 46.81 + 1.68™
FA 64.901 76.076 43.195 375.375
PA <0.001 <0.001 <0.001 <0.001
¥ :a, 575 HAH L, P<0.05 b, GHEAVA HLEL, P<0.05 ;5 ¢, 5 Z FUBUIRALAH L, P<0.05
*4 BAXRBERAL CAMP . TGR5.PKA p-PKA.PC1/3FE AKX LLH (x £5,n=10)
2H 5 ¢AMP(nmol/L) TGRS PKA p—PKA PC1/3
ZFHA 15.03 = 1.74 1.46 £ 0.04 1.87 £0.15 0.96 £ 0.05 0.86 £ 0.08
AL 5.54 + 0.44" 0.77 +0.11° 0.24 +0.18" 0.09 +0.01° 0.22 +0.89°
RO 9.53+0.97" 1.26 £0.13 1.15 £ 0.08" 0.29 + 0.06" 0.57 £ 0.67"
AwiE 11.88 + 1.01™ 1.45 £ 0.09" 1.72 £0.18™ 0.56 +0.13" 0.79 £ 0.02"
FAg 37.014 34.675 71.227 76.673 51.044
P{E <0.001 <0.001 0.007 0.026 <0.001

Hra, 525 U R, P<0.05; b, SHERUZ HAE, P<0.055¢, 5 — B OMARZE AR HE , P<0.05

O

Uid
i
'&Q\ {Qﬁ% s & ‘32‘&)%

TGRS (D S G G 35 D
Pactin QD W—— S 2 kD:

PKA ‘ - — - 41 kDa
P-actin “—— aE— a— wm— 1) kDa

p—PKA w s s s 41 kDa

Practin NS SHES SHNS WP 42 kDo
PC1/3 “ = F’ S | 66kDa

B-actin  u— G S o 42 kDa

E3 &KAKXREREALCAMP/PKAESEREXERRILER
(n=3)

303 i’

BRI U & S TH A T IR YT Rk A A
ER A= S R T AR T RS o 1| I P S 27 Y R A2
ST RERR A RO FEU H A AR AT S e
2 AR O ) 1 e 28 T AR T B, R = O e
T “BRASEC 7 EF A XS T2DM A BATr 38, 1
PO 5 T, —F XU T2DM B 25417, Gefe it i
B 7= A GLP-1", 301G TGRS/GLP-1 155 518 % & %
R R N A s FE T DA b AR S ) — FOSUIK
PR BRI XS BR25) , LA s Mg = B B Bk G STZ 4 4t
T2DM K FRAR YO WS il AK ¢ e = LT

Joe 7k T2DM K BB IR AT & 8 Wl 3 /K- R
i), 3F A\ c AMP/PKA {555 3 BEAR TR SCHLT -
A 52 % B0, e 20 iz 3 % R AL E 2% iR
T2DM % UL 0 40 25 IR K %6 B g R 3A B
PRIE R 5 2, S 5 RS g A ML A FRIEE ™,
GLP-1 22— i1 i i LANMLA BN 7310 i B A e 5
R RRAE I 5 R b, P B = R . GIP
A a2 A I A TR D R S R R T B R AR
WP, GCG Il TN [543 i FOpE S8 5 8 5 28 3L [A]
Y AR FA S, GASTEME HE FINS 4310 ik i
5 B AH 1k 5 AR (U] GLP-1 MR A5 7 1 & 44
FEAEHPY, GIP.GCG . GAS4 2 1 (A R 15 5
R.,3HEX GLP-1 AW E/EM . cAMP/PKA &5
GLP-1 5] ]k () 2 MU IR I 7 38 B, TGRS &%
A % 1 O B R 3 e TS B R A R Bk i AN
PKA K5 B4 =R 1L cAMP ™), PC1/3 J&—F
R GLP-1 43 W I A R A A MR R S W H 2L A
il 24 cAMP 55 2 SRS RT, PC1/3 1%L s Ak, 42 ok
Ji7 38 L4043 3 GLP-15", 25 |, 38 33 #0% cAMP/
PKA {5 538 5 , 7T LAJE T GLP-1 25 7 2 e s 2% 110 0
Wh, E T 2 1F R 5 2R 2K AL, ORI PG KT
ARSI AR F T8 JEI ], A AR 2 R A
FRse i T IEH K, 6 T2DM AR R R 5 . [ T 7
5 4 JEES , —F OOUDICZE AT 3] 25 Bt AL 10 7K S 328 A
R, FLUER R AL FRRR B T A 150 A R A
AT ORI, B B A 3548 B B o B D)
IR BT T2DM K FRBE B 15 25 L A0 B A 45
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P B ek T R It . X ] HE SR R R A Y BT
FEHE AN T GLP-1.GIP . GCG . GAS f{) 43 , VU P
[ F 8 T R BOBEIR AR KO o F— 252G 25 2 i
NG TRV B B B R L cAMP & i & TGRS . PKA |
p—PKA \PC1/3 By 33K J5 1, 51 FIZCR W R 8 4
X ] B 2 R A 0030 Ao R 35 A I, SO cAMP/
PKA 5538 J% , {2 2 5 730 L 40 69 0 1%, X T2DM
KEEBEE AT EN . D Eg R ®
B, AR CGE R IR ST R B i R K &
TR cAMP/PKA 5 538 15 7 T ARG 0T — H AL
I, 2% LR R SR 0 ) A ol )2 ™ B R R
TR RN A = B e A N ST TR A 4
VAT RRZE NS IR RS, A RS cAMP/PKA
{55530 W T e il — a0 R - 15 -1 5 i AR i
RS AC I K . B ORUOIR AY 3 AR A R e
AMPK™ & 30 2o 300 1) S B S A4 R 4 5 A SR 2 4
) 8 A AR L, 8 B PR AR IR A RIS . PRI 22
SERTRES I OOUNICAY 500 2 | S5 TR 309 0 2 4 i i %
B R B Ak SR RIS K B PR ZE Y R RE )

g LT, B AT B3 i LTS cAMP/PKA 5 5
T E T T2DM KR I i R 2L R I AR A
fi, S T2DM B IR AT, 3 A I PRYA YT T2DM 44t
TSCEARYE . (HAFF AR T3 SR, I RRCRATS
o KBS 56 E . FF H , TGRS /E & cAMP/PKA
W T, ik BRI HIh RE IR Ak i AN
S S B I FEEE| A TGRS 5 S 3 1 770 =5 8 3
FME R T WF B, DAtk —25 Bk & s FH A DRI SR %
7o [FBt, 5B RS BB EREE VN, R
el HE— Y
FUZEIRZE AT IR R AR 25 oo
TEEFMAR XN SR, SSHEBTIE, S 13RS ;
FERE G 7 R SR ARSI BC B 22 S
WS IR M R AR 5 2 B ST, B AT 5
T SIS KR
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