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H I TE e R Ak AMPK o 38 B8 6 T RE 4
AL BB mTOR 3t K 2254 19 52 i

BE RO E MRk RAE

[{#HZE] BHH TS AMPKe M IGTTIREPEIHALA R (FD) AT REMLEI . ik BEPLPLIE 10
HSD KA IEF AL, A K BRI Je BRI A A BN R R FD K BURERY B i Bk o) FD K BB AL
Oy MBI AR, AR 10 RORER, MATAR BUEZEA T 10 d BRI ; 153 4 SR K AR 44 T L g
LERTET IR, MBS H R BLH % B, 3% F Western blot A M 4 4 K LB K/ Nz 2L p-AMPKa  p-
TSC2 J Rheb A FKE, [FRER A RT-PCR BAK A4 K EE /NI mTOR mRNA %35, 558 Western
blot #r A 45 Bow , 5 IE# A A BRI K RS /N p-AMPKa, p-TSC2 K [ %35 B 2 B I (P<0.05) ,
Rheb & {58 E 7 (P<0.05) ; SHEAIZ g, B4R K R p-AMPKa, p-TSC2 ik & 3 7t & (P<0.05) ,
Rheb 7E 1325 I B F#IK (P<0.05) . RT-PCR #2245 R IR, 5 1EH 41 Lb 4%, A2 K BUE K/ mTOR
mRNA 3k i3 1 (P<0.05) ; SARIA L 4T 20 K B mTOR mRNA %Kik B % FiH(P<0.05) . £t H
BT BETE AMPK 38 1, T iZGE B G 1 p-TSC2 R ik, BEME Rheb #1315, A1 F 18 mTOR & [K# 5,
KFNAIT FD B,
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[ Abstract] Objective To investigate how electroacupuncture activates the AMPKa pathway in the treatment
of functional dyspepsia (FD). Methods Tail clipping stimulation was combined with an irregular diet to induce FD
in 20 Sprague-Dawley rats. They were randomly divided into a model group and an electroacupuncture group, each of
10. Ten others had no FD induced and formed a normal group. The rats in the electroacupuncture group were given 10
days of electroacupuncture treatment, while those in the normal and model groups were restrained and fixed like those
in the electroacupuncture group, but not given electroacupuncture. The expression of phosphorylated adenosine mono-
phosphate-activated protein kinase alpha ( p-AMPKa ), phosphorylated tuberin ( p-TSC2) and Rheb protein in the
stomachs and small intestines of each group were detected using the western blotting. Levels of mTOR mRNA were
quantified using the reverse-transcription polymerase chain reaction (RT-PCR). Results The western blotting re-
sults showed that compared with the normal group, the expression levels of p-AMPKa and p-TSC2 in the stomachs
and small intestines of the model group decreased significantly, while that of Rheb protein increased significantly.
Compared with the model group, the expression of p-AMPKa and p-TSC2 increased significantly after the electroacu-
puncture treatment, while that of Rheb protein decreased significantly. According to the RT-PCR results, the expres-
sion of mMTOR mRNA in the stomachs and small intestines of the model group was up-regulated significantly compared
with the normal group. Compared with the model group, expression of mMTOR mRNA in the electroacupuncture group
was significantly down-regulated. Conclusion Electroacupuncture can activate the AMPKo pathway, up-regulate
the expression of the related protein p-TSC2, and decrease the expression of Rheb protein, thereby down-regulating
the transcription of the mTOR gene. That would serve to treat FD.
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DIREMEIHEA K (functional dyspepsia, FD) & LI
JE MR AN PR | AR e SRR T Sy
AR LT B 5T A8 X E e g B AR
ROMERIR IR — AU REEAAE . AR FD &
RN 9.5%~29.2% , HARFEAW LT, ™ B 520
H AT ) TAED it 70% 9 FD 835 JC W & 7%
I, BHTIACH FD 7] 68 5 N IE AL A BUSEsS 8 HE =
FEIR (BRI B8 B A 2 M R R AAE A G, FD
ORI RO, A R R R B IR
At RANEAE P T AR RS TR A A
BEAG B FDY

BIEAEKZE( ghrelin) B—MEENEBIEE, G
P B A K BOR B e e HEsR E )
714, M T BIRAERKER SHUAS Y 6e B A = BEAE G
Pk, HAE B W 8 I 5t A HLE — B2 FD BF5E A
o WEELBNY AR 2 AR 1 (mammalian target of ra-
pamycin, mTOR ) /& B fi¢ 4 K Z H 2 A A G 1 K+,
mTOR & — s B ORNF 1 22 B R/ 93 4 R B 1 U e, i
P AN AR KA s 3l AT R BT A A R &
B SERLRREY A WESE R AR K B B mTOR
FEBRTMHXERSBRAERRZAIEMIHR, B2
W] HAK B 28 2 8 T B 5 B B AR mTOR
WS PR R R TR m D AR A
HEOFFE IR SE, mTOR X H 4 A= 1< 540 Wb HA Al it
TER'T  SAME BF 58 e B — Rl B AT 1 4F = B R i
( guanosine triphosphatase , GTPase ) {f 14 [ 3¢ & H
Ras 25 [ [A] 2214 ( Ras homolog enriched in brain,
Rheb) fE 4245 & mTOR i 1E [ 5 mTOR 3§ 4™ ;
[F]H} Rheb i J& 45 9 P 1L 85 1 2 (tuberous sclerosis
complex protein 2, TSC2) W) # 43 F, 7£ TSC1/2 Fl
mTOR A& 55, TSC1/2 & —Fi i —RIKKZ G
Yy, L i Rheb-GTP # 4k — #8512 = 1 ( guanosine
diphosphate , GDP ) { Ik J& 2\ Rheb-GDP, M\ T 41§
mTORC1 {4, J& mTOR (#2571 b 2 i
P M 1 T B P ( AMP-activated protein kinase,
AMPK) 38 % b A9 — A T if 8 H o IS BF 58 3
mTOR Fik ML 1 fE /22 | Rheb F1 TSC2 45, I
AMPK il A

1T FD & Bl 52 2%, 245 0036 7w LA 3d v, &2 2%
A ZE S s AR R IR 259 T-BaifyT FD JUHZ W
HLEFIR YT FD 197 075 3 K Al A i R BF 90 3K
R AR i S AR S B BT BB FD RE
B ah 1 B m/Na R o o B T Re e ; [l e

A WFFT K I BB 1 5 E S A DB R 78 K R
L E B g 2P R b AMPKa 6351 161k
# AMPKa fig B 1M AR 1k TSC2, {2 3E TSC1/2 B5Y)
TERE, a4 A H] mTOR JE1E' S, JETF i, AR 5T R
HH AR FD AR B, IF EE X AMPKe 38 [ M
mTOR F Rk 52 m , AT AR L EHRTT FD AR
KA

M 5T E

— LY S U

P 8~ 12 Ji % JC 5 <2 R I K ( specific pathogen
free ,SPF) 2% Sprague-Dawley (SD) KR 50 2, ] f7 1k
HH(200+20) g, BEHESK , B0 F A6 A S50 sh Pk 7
HUO [ S TIE S . SCXK (26 2011-0012) ], ¥ ik
KEE FF F WAt b B 25 K2 SPF sh W s N, = i
22 °C , HIXHRE 50% ~70% , Wa] K 5L A e oK,
2o M APEMESE 1 RS REMLEEIE 10 RN AL 41,
A 40 RO BT R 14 d J5 S5 1 AR L sh K B,
K HIBEAI LB 7 2R R i B ) R B o3 A A A S Ha At
A, R 10 H, AT 2y Kee S m s it
PZE WA T,

— A

FD 3505 5 5% SOk [ 14 ], R F RS HL Ak & fid
G BRI  RIBR B E R — 8 = S AR R R
B OK TRl A T 4 e KRR B R o 1/3 4k, DA
AN R AR LA my A5 4L ok B LK B2 ) AH B AT
BRET9 ST 4 ST 1R, BIRkEE
30 min, #ELL T 14 d, FARE IR BRI IE# S8 ik
Ko BJEA 20 HOREHBUROK K& i B, &
ARHE KR TCOREE  H BN S D | S TR , 25 5
W R FD BREIE R

= FERH S GR

FEGAF LTS RIPA 8 244 22 1l . BCA FEH
PRSI G L SDS #E BE il i 77 & L SDS-PAGE 2
FI AR MR (5X) | Western —dt , H0H B (114
FEEAREDHARABRAH) | p-AMPKa $T 1K
(5¢33524,SANTA 4 A]) | p-TSC2 (ah52962, abcam 72y
7)) . Rheb T f& ( ab25873, Abcam %\ 7). GAPDH
(2118,CST A7) EHi% 1eG(PAB150011 , Bio-swamp
ZvH]) (RNA 353 5 53150 & (639505, TAKAPA 2\ #])
8 5 FR SR AN A A 4 5 TG B ( HANS-200A , Fg 572
TrA BT FHCA PR 7)) L JC I BT R £ (0.25 mm x
10.0 mm, 73 B2 97 b A BN w1 ) e I 7L 250 L
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(X-22, 3 [E Beckman A H]) 4 H kI EEAR 1 (168-
1002XC, 3% [E BIO-RAD /& Al ) , Western L JK 4% ( Mini-
Trans Blot, 3¢ [ BIO-RAD /A &]) (BEAL 13 g R 45t
( ChemiDoc XRS+, 3% [# BIO-RAD /A 7)) 52038 6 5
1 PCR X ( CFX-96, 3% [ BIO-RAD /A ) %,

LU S (T REN

SR A ) BRAR TR e B F 4 FD KR, R R
T A W% E -, 2 8B COK R U E 3 B0 ) T 5k B
CHEZHT R L ST EF R AR ERRT FD ORI ¢ R =
B B RINEEE R 0.3 ~0.5 oF, #F 4 5 $238 HANS-
200A HLEFAY; T B B I S B0 R MR 2 He/
100 Hz, B %% 3 , FLFICR B 2 mA, BERIAYTY 1 IR, B
K30 min, HIGYF 10 d, FEH AR PEAT BB R R R
IE 20 AR ZE R B A 7 SR Al [ (R 2) L3
NG T S R TR,

F ARAS U KA

THAI 10 d KEESE 24 b 57 DUE R
CE 7% KA B REFL I 0.5 ml/100 g 74 ) KRR B
R BT A B L, I s, 2L BT S T
YT R VEVE B AT, BYEUE 5 RN A
HAET EP B rhIfr BV AGAE , 5 B T-80 °C
PRA AR

K Western blot ¥ £ i K B H 22 & /Mg
p-AMPKa ,p-TSC2 ,Rheb 135, 2 H1H 100 mg &
5 NHHLUMA 1 ml S K 2405 R
f£4 °C 12000 g 504 F B0 15 min, L LWE T HE A
JRE AT - 80 °C UKAR ., AR A RN R 43
i L & SDS-PAGE B, SR J5 HL UK F% B, 104 1 h
WH—P4CER,E 2 KIFE e, XH
qRT-PCR F ARG I K BB 52 S /b i 4 21 mTOR
mRNA 23k ; =80 C 7KA 4 B 100 mg H 32 /1
M2, in A Trizol J5 BF S | 22 WK 5 0 J5 $2 HU RNA | 2R
Ji B RNA 0% 5% 8 cDNA | B¢ )5 547 qRT-PCR ¥4 |
mTOR J¥ %] 41 F ; F-5'-GCCTTCACAGATACCCA-3’,
R-5'-TAAACTCGGACCTCACC-3'; GAPDH JF4 10T .
F-5'-CAAGTTCAACGGCACAG-3', R-5'-CCAGTAGA-
CTCCACGACAT-3', HAp 8 J7 B F . 95 °C Fil 2% 4
3 min,95 CAEM: 55,56 CiBk 105,72 CHEfH 25 s,
FLHEAT 40 ADMEIR R 270 kA T EUE 43T

NG R M

ABFFE A PR DL (R 2s) R, K JH SPSS
19.0/R G 2= B L HE AT 58 o0 BT, A5 A IE S A 1Y
THa BR8] Lb AR B R 3R T 25 43 i, P L 3
55 B R A B /D B E 22 5 15 (east-significant
difference , LSD) , J5 22 A 55 B >k A Dunntt’s T3 5, A~
FFA IER 5 A0 5t R FHEL RLRE 36, P<0.05 /7R

zmBAGI R,
& =R

— A KR — M1 T 5%

T A AR P IR R A R LA TN Bl 38 I R, AR
RN 7 KIF IR K B N ZE M H, nl 9 2] B
WA R R 10~ 14 REIH S KEEE 373
W8 | B R AR HL I ¥ TE R, IR B Y
i A R T A A 25 TR S BE , B FD K R A
), SRR A, H R AR R T R, &
MK BIESh3G Z, g3, £ & &Ik 2 L.
E{ /78

A HKRESE ANHAHLH p-AMPKa  p-TSC2
J Rheb 8 H &I LA

18 1 Western blot ¥ & B, 5 1E 41 Ho %, # AU
HREESE IMNHHLT p-AMPKa & p-TSC2 & 113
IR 5 A ($9 P<0.05) , Rheb 7R [ 3635 ) 53 3 T
1 (P<0.05) ; SEOAI A g, T LR R LT IRTT
JEHEE ML p-AMPKa , p-TSC2 ik 7K -1
B E T ($9P<0.05) , Rheb 85 13635 U] B 5 sk 55 ( P<
0.05) , HLARNALULIE 1,

= P-AMPKa
1.5 4 m p-TSC2
@ Rheb

B 1 2 3

P-AMPK i s

PTSC2 W v

Rheb we s e

GAPDH e

Nt 1 2 3
p-AMPK wmm -

p-TSC2

Rheb -— - -

GAPDH WS ame @  Tes gmm wgE |

W 1~3 /R IE R 4 AR R A 5 IE W A e,
1P<0.05,"P<0.01; SR H#, ©P<0.05,4P<0.01
B1 A4 KkREELNIHL T p-AMPKa , p-TSC2 &
Rheb & H & Rk
= KHKRMESE /N
R
it qRT-PCR il & B, 5157 4 KB 8, 1
TIZH KB 32 /M mTOR mRNA k7K1 3
FI(P<0.05) , SEIRA R, o g R R 52 KD
J7h mTOR mRNA Fik/KF-1 18 2% T (P<0.05) , B

mTOR mRNA & &
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a a
i

b S
LIR b

Z Z b
3 g2
= b2

&1 &

& B4

d g

g B

0 0

IE¥E BMEE mHE A IE¥A HEE 4 B

S IEWH R, *P<0.05; SR H# L P<0.05
B2 RAKRKEENNMIHL Y mTOR mRNA ik i AL

i

AWFFEAR BoR , 5 IR AR B, BRI FD
KRB AL TOCHE, R 373200 IR
BRVEZEAE ; H 52 /N 2 p-AMPKa, p-TSC2 &
IR K- B B A, Rheb 25 1 838 7K I 35 16 7
52 K/ M2 H mTOR mRNA 2 357K 701 8 75
ERAUZH LA A FD K BB A8 MR SO 32
L, 5 Bl b kB i, 8 LN U p-
AMPKop-TSC2 25 122357k V-0 5 543, Rheb 25 1
FIRKP L FREAR, B % R/NH AL mTOR mRNA
ESny S INUIRTAT T B e YA /AN SR W b i
FD KB % /N A LS p-AMPKa , p-TSC2 £ 1%
ik MK Rheb B H K5, T B2 LN AR
mTOR mRNA &, X Al BESE AT FD B9/EHIBLA
Z—

HHERZEHE T BRI AL R R
RUETREI T FD R B 5 iz sh D RE, (HAE L ik 2 A
X, AR DAy H AT AR i o s R Lk
TEM 2T (dorsal motor nucleus of the vagus, DMV) [X.
N-H 3E-D-K 2 % R Z /K& ( N-methyl-D-aspartate re-
cepter, NMDAR) & P I 45 103 NO % 2 0F A 4506
SR O BT IR O B AT, 5 AR DO, A
VTR AT AT ER FD KRS AU h B R AR RS
A E AR R Z R mRNA %Kik, 5AGERT I S0 5%
BRI HIE RS = FD RBUE B AL AR K ZR KA
— 3, AR AR R E 52 e AR AR R LT
IFl .

FH il e A1 st A 2 RIS A YT D AT 0 e
SRR R R B IEOR YT FD S5 TR /X2 2 =
B R R RTINS AT SR 22 5B R, A T BRSO
W, B ORI 22 18 4 i = B, L O R — ik Ry
2~100 Hz, % 6% % LB w0 UL, K280 i ss
0.1~10 mA, 4 UAYT 30 min, IGITITHEN 1~4 J8, B

A A A EL T SR AR AT P AR, B FD R
HEAEZ, BERR FD BE LS E, 7 HME R b
ZLH G BE VL HLAR B LRI 2 S 1 5 FD AR
HIEH MBI A b R G ER B ERARE R
B, IiisEsE B 3h 120 B RN e R = HER T
SERIH LA RAEIRAD , I T B 3% FD B 3 A2 08 JARTS
o R e Y {H H G R ML I 5T A
GG ARTE RIS TAESERE I, i — 45T
HLEHRYT FD s B 5| & I AH G AE Rl A8 1k

Rheb J2& Ras MF G IY— 61, R IG5 A
PR A NS R R EEEA/E A . Rheb HAT LR
5. 5GP S5 AMAEIER LS = 8RS
(guanosine triphosphate , GTP ) 25 & AOTE HEIE 20, i HaX
RS AT IAH B 544k ; Rheb 4E% mTOR _F I SC 51y
PR B A, 4 mTOR IhE & 5 B AR K m >
ARG A S GTP 2454 1% HEIE X Rheb, 255
WAIESE Rheb X mTOR HATJEHEAER 45795 A AL i
2459 (tuberous sclerosis complex, TSC) & K 2 i 1) £
M Bf 45 TSC1 1 TSC2,TSC2 1Y C i &4 GTP figig
1525 H ( GTPase-activating protein, GAP ) Z5 ¥ 48, N ¥
W] 5 TSC1 =AM EAEH BT =Rk TSC1/2, B
H GTPase i1k, it & # )8 Rheb & I 1EH, H
TSC2 RFIEVE T, TSC1 W S 208 (AR, RB i 12
FasE TSC2 I [F18 45 Rheb 1 145 2407 T 40 M 5 Y
TSC2 &b F 1% Ik 245 B BB & ¥ GAP TE MEAE H, 30
Rheb g, i i — 208055 mTOR ™, HCHF
AR B, FAF IO TSC-mTOR {555 g B4 3%
2 T

AMPK H DL 5 R = RIEE & WY A2, 705
A [) BRE D A AR IR . - P AT B-F %6, AMPKa
YER mTOR W 43 F 22—, 2 W7 0 i R AR
W EZH T, ) A TR S W RS
ARG, Y AMPKa #UG RS, —J7 I REAE E ATP 43
fift M ATP A 1%, IRl iR BE B %W IR 1k TSC2, fie fif
TSC1/2 & & WIE i, K o I e 40 it 5 R A AR
B30 GG LRI AT A IR RIS 45 A M
HLEH IR YT FD K B A /E I PLEI AT A8 518 57 mTOR
A, I AR R B FD K BUE 5 SN s 4l 4
iRk AMPKa 63K, 1% AMPK i #% | 75 1 AMPKa
fR A TSC-2 F AmEfR fb, BN TSC1/2 E &ML,
Ak Rheb T4 BEW 2> TSC1/2 5 mTOR [8] (1915 514
3 FETTINH] mTOR e ik,

25 LR  ARWFIT A SRR I B A HEON FD R B
BATRITVEA, HAEAMLH S mTOR W45 H A K E
Pk BABYICIE T 5 55 AMZ R 8500 v RE S HL AT
WOR = BLJE 51 & R 56 AR W AN AR b (U 3 5 p-
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AMPKa ,p-TSC2 # [ % ik, FE MK Rheb £ ik &
mTOR mRNA %) 5 mTOR T g (835 140 H.
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