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(AE] B8 WERIEHESE 2 B RIE (type 2 diabetes mellitus, T2DM ) K SUHE LA
ENHZT AMPK B Glutd JEPR 56 53¢ 4 A RGB B2 00 481 ks T2DM B B fE T AL . ik
24 F Wistar K EFEHUR 6 228 AL, o im i v B o s A AR R 4 (35 mg/kg) BERRAE T 5

I S ST T2DM AR A | AR Bl AL o A B 2 74 24 06 IR S DU 2 HE S, 25 1 0] B2 A
RUZA B H B Z208K, VU2 XT BRZH 45 H L 250 me/kg ARdfEdFAT — FOBUNGHE B — 3K, P4 25 1 S 24 46 A1

) 25 2 bR BB A HO RIS HE SR 7 — K 20 BITE T4 0.2 .4 .8 JAllE KB FBG JKF-, T
8 G, MEM NS IEENL AMPK , Glud R SEARE, £8 SAdbi SRl
FBG {HTE45 0.2 .6 .8 JABF ¥ 2 bA 9 8 Ji 5, BNl AMPK , } Glud F2PRs 5 J i 1 3Rk 3
R MERA L AMPK , BRI 55 5 IR R A B B TR AN Glud B ARK R E TR, S5
R Hodse , P25 20 M 253240 FBG 7RSS 2.6 .8 JH N1 3% T FE, PUZ5 410 & UL AMPK , 3£ 5%
W BT, Glud FERE S RN R B R E BT, WA IE B L AMPK, & Glutd J [H 5% 5% K
BEREBRE LA HEAIL AMPK,, FER SR AR IAHA B FE LI, &ie A XUICE RIS
J7AERN b B A IRIE R T — 20 2t T2DM KB FBG 7K, O HEAC I 04 el AL 5 IR 451 %
L AMPK/Gluid {5 5484 %,
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Effects of Zhenfu Tuina on AMPK/Glut4 signal chain of skeletal muscles in rats with T2DM
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[ Abstract] Objective To observe the influence of Zhenfu Tuina treatment on AMPK and Glut4
gene transcription and protein expression in gastrocnemius and rectus abdominis tissues in rats with type 2
diabetes mellitus (T2DM ) , so as to investigate the mechanism of improving glycometabolism in T2DM.
Methods 6 Wistar rats were used as control group(C) , 6 Wistar rats were given high-fat and high-sugar
diets combined with intra-peritoneal injection with low dose (35 mg/kg) of streptozotocin to establish
T2DM rat models. After successful established rat models, the rats were randomly divided into model group
(M), western medication group( WM) and western medication combined with Tuina group( WT). Rats in
C and M were given daily intragastric administration of distilled water while rats in WT were given

metformin (250 mg/kg) , once per day. On the basis of WM group, Zhenfu Tuina was added in the WT
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group. All rats were sacrificed after 8 weeks of intervention, and the level of FBG and gene transcription
and protein expression of AMPK and Glut4 in gastrocnemius and rectus abdominis muscles was detected.
Results Compared with C group, level of FBG in M group was significant increase at 2, 6 and 8 week,
gene transcription and protein expression of AMPK_, and Glut4 in rectus abdominis were significant
decrease, gene transcription and protein expression of AMPK_, in gastrocnemius was significant decrease
and the protein expression of Glut4 in gastrocnemius was decrease. Compared with M group, level of FBG
was significant decrease of WM group and WT group at 2, 6 and 8 week. Compard wiht M group, AMPK ,
gene transcription and protein expression of Glut4 in the rectus abdominis of WM was significant increase.
Compared with M group, gene transcription and protein expression of AMPK_, and Glut4 in rectus
abdominus of WT was significant increase. Conclusion  On the basis of conventional treatment of
metformin, combined with Zhenfu Tuina can further improve the FBG level in T2DM rats, and the

mechanism is related to the improvement of glucose metabolism and the regulation of AMPK/Glut4 signaling
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chain in skeletal muscle.
[Key words] Zhenfu Tuina; Type 2 diabetes mellitus;

activated protein kinase; Glucose transporter type 4

ittt 5 TR G, 2005 F 2015 AR [H]
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HAINE] 2014 41 4.22 421, 2016 AEERE T Z%
PEA R, R E R B E TR 1AL, b2
95% hy 2 BUBEPR I (type 2 diabetes mellitus, T2DM )
B LE T AR T2DM K| A B0 4 R B F
FH o RWEIENE T2DM % 3 L i A AL, R =
o AES A5 I S S SO BUIR 91697 07 =X, X
T2DM H I A BRI R

PRIV A — A E IR, A H 5
R ) FRIR A ZR AL ZRODR 285, I R AR R LA IR 125
NGt B — ZR AN T 1A T 1R B 22 288 M o, e B
REIBTE TR B TR S B L, SR
L AR A, SRy v B 4 AN BRAR ) N R AL T
HAMERIRI TR, AR RIS Z N T
T2DM W R I6 , IF A T Bl PRI T2, H
VE I B AHOCHT FE 8520, ABIF 5 LA A0 AR A 35 1)
KT 5 o F W R 1% AL 85 I [ adenosine 57-
mon- ophosphate ( AMP ) -activated protein kinase,
AMPK | 5% #4275 H 4 (glucose transporter type
4,Glutd) AP, NIFF AW A1 f B, 9120487
TR HEENE T2DM BRI EE AL VR AL,

1 #MREFZE

1.1 SE5esh¥)

A HEMEYE SPF 2% Wistar KSR 30 H 4 JE#, 1k
H(100+10) g, B b5t 230 R 42 5250 S W R A PR
YNGIE 2 T Rl R PPN o i ¢ O

Adenosine 5’-mon- ophosphate ( AMP) -

Yrdpts SPF K sh W) b, IR 18 ~ 22°C, A X 1 i
40% ~60% , H FIFEFIKK
1.2 5 A

BEWRAR T & (streptozocin, STZ) ( 3&[F SIGMA 72y
A gl RNA $2BG 7 & (B 22 4:9) |, HiFi-
MMLV ¢DNA 25— & il & (B 249,
SYBR Green PCR Mixture ( A2 AH), K
AMPK , Elisa i & (LAY TREARAHR) , K
B GLUT4 Elisa 128 & (#2264 TRARAT]) o
4 H 8h 2 I g B bR ( MULTISKAN MK3, Thermo,
USA) , % 62 & PCR 1% ( ABI7500) , % 2 A% 1%
(Tanon-6600 K BB/ Al ) , 15y 3 #2 k 250 HL ( Hettich
TR ), H BPE TR B IR ( DHA000A K Z M 4F) ,
AR (UV-2000 F#EICRRIAT]) .
1.3 RS 504

P30 HUOK R N PR IR 1 SRS REHLEGE 6 H
YERZs 4, Hidy 24 R TR g RE 5 4 5
A 30 mg/kg — R MENE B VE ST 1% W BE STZ,
STZ B il 1o A5 ¥ ' 5 76 vk Hh 47, 15 4% 9
FH o 25 F1O6F B R s 3 S R TRD 390 a4 A TR 2% o
W, 3 KJ&, LL2S I I B ( fasting blood glucose,
FBG) =11. 1 mmol/L, L A& MR, K 1 AR il T
118 HRERBENL 4> MBI VG 2540 | 7Y 254 &
4,546 H,
1.4 THHE

T 5 HE AT T 1, P8 24 4 25 7 — OB
1,250 mg/kg, B H— -1 8 J&, P&
AR 2 a4 T = T Tl AT & 4E
TR B 58 I 75 A3, AR (100 =
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10) W/ 5050 s 8 B 48 S HR0UIN RAX /T 5 43405 =
FEPR M v 1 /N B B o I, iR 5 i, AR
(200+20) K/ 5040 FrEATE 15 204, B H — ik 3
T8 i, 25 (4l BRI A H AU A E 15
O3B ANHEATATAR T T3
1.5 HEWRARE FAb
KRR TG ARG, 256 12 /MB35 R
R FE 50 me/ kg 1Y 71 LI 10 33 29% 1 86 2 b %2
i s JRR T, 12 == s Bk B I A B, KT T (4°C VK4
SCATONHE B LR 0 L PRk 25 B 22 4 g T R 435
ZEH LV AR AR, Z )5 B T -80°C IR vk
FEORAE R
1.6 FEArAm
1.6.1 RT-PCR J7r ik # il AMPK,, & GLUT4 ¥
mRNA 55K 28 Trizol B3 HBUR B LS
i B LA RNA 3% 3 wg RNA W5 5548 cDNA, 5]
YA K=y K B WL 1, LA cDNA FEREH, 1
real-time PCR AXHEATH 38 | IF41RARNF 2744

K1 AGIWFI A RN

SWLHEST S50 3) G
Primer orientation Sequence (BLER)
Length(bp)
AMPK2a-F AAAGTCCGTGTCGTCCCTTC
AMPK2a-R GTGAAAGCCGTTTGGCACAT 383
Glut4 F GCTGGGCTGATGTGTCTGAT
Glut4 R CACACCAGCTCCTATGGTGG 28
GAPDH F CAGTGCCAGCCTCGTCTCAT
GAPDH R AGGGGCCATCCACAGTCTTC s

1.6.2  ELISA J5¥& & i L AMPK ,, & GLUT4
i ORI B LS HE R LA 2Lk A7 A,
& 4% BUELISA 207 & Ui 134G GLUT4 J¢ AMPK ,
MR FRIK,
1.6.3  ZSHEIWE 9 A AR S8 P IR A3 T 38 A5 g
G 0.2 4 8 i J5 43 5l E & 2H K B FBG,
1.7 Geit2#hb e

KJH SPSS 20. 0 AT ST, 1T OB LY
BbnifEZE (ves) FRoR R ZR 7 2007 LUK,
75 2455 I 9 5 L A8 N LSD 7 vk, 7 2 AN FF
Games Howell %, A P<0.05 NZERA G 2

2 GR

2.1 X§ T2DM K FBG 7KFH 520
THuwy, AR PG PR E A S s

Wi FBC HE Em TS AU, ZR AT #E X
(P<0.05) ; PG540 | VY 24 HE S 2H AU 2H L3, 25 57
TG 27 X (P>0.05) , PRI —
FHIFEG R 2 4.8 J& 4] FBG (H & T
HHA, ZEFAGEE L (P<0.05)  TUZ 2 7524
e ol SR RIZH 4%, FBG 1 NI, Z R A Gii %
B (P<0.05) ; 5T TATAHEL, P25 41 5 P 2 5
HIET IR0 2 4 8 Ji ,FBG {EI T FE, 22 5%
HET2FE X (P<0.05) , L2,

T2 BHKBTHHG FBG (H L3 (x+s,n=6 , mmol/L)

215 0 JA 2 J 44 8 J&
EHH
MERIZ]  26.48+5.43° 26.27+4.87* 24.79x4.50" 28.38x4.06"
TEZH4H  24.46+3.30° 18.93+5.20%" 16.91+4.32%19.38+3.30%

PUZhHELE226. 435, 19° 18.09+4. 63 15.38+4.07*16.47+4.30"
. 525 AU, P<0.05; SR 4, P<0.05; 5 0 A L
i ,°P<0.05,

5.85+0.29 5.22+0.39 6.12+0.54 5.87+0.58

2.2 X} T2DM KM BN AMPK , & Glut4 mRNA
5 SR

S A4 L, BERLZ E L AMPK , }2 Glut4
mRNA £k FRE, 2R A5 L (P<0.05) ;5
BARYLH LB, VG 245 20 X 76 25 4 &= 24H AMPK , &2 Glut4
mRNA %Ik B, 2R A G L (P<0.05) ;7
AT A XS E B AL AMPK , mRNA 3K
SN Sk 18 25 5 a8 ALK oA 3T, WK 3,

x3 FHKBIEEI AMPK , % Gluid mRNA

TS LU (s)

20 531 n AMPK , Glutd
ZHA 6 2.32+0.89 1.29=+0. 54
FRIZ 6 0.89+0. 07* 0.78+0. 11°
[ 6 1.220. 14" 1.20+0.31"

[I2TE i3 6 2.25+0.89" 1.21+0.37"

W S5 HALLER, P<0. 05 ; SEIRIZH T, P P<0.05,

2.3 Xf T2DM KM BNl AMPK , X Glutd 25 1%
SZNiNE AL

HaHAM L, BRI E H AL AMPK , X Glut4
HARB TR, ZF AT E L (P<0.05) ; 5
RIZUA H, V254 Glud B3R5 BT, 2R A 50T
FR(P<0.05), PHZHESELH AMPK,,, & Glud
FI3R5 BT, 25 A G2 E L (P<0.05) ;75 24k
A BTELG AN IE L AMPK , (485 14 2 31K 14 52 1)
TR E, WkK4,
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R4 BAHKRBEEEN AMPK , & Glud &

FIBIKT HLER (m£s)
el n AMPK , Glutd
E{EE 6 9.44+2.08 1.02+0.29
FEAIZ 6 6.05+1. 63" 0.32+0. 13°
[ 6 7.48+2.71 0.57+0.23"
[Ip2E 6 8.442.67" 0.79+0.35"

W 5EAHE, P<0.05; SHMA HE, P<0.05,

2.4 X T2DM K EMHEMNL AMPK , J Glutd mRNA
SRS

525 A M H, R 2 HE A L AMPK ,, mRNA
TN, 225 A500H 5 2 X (P<0.05) ; SHAIAH
AL, P25 HE A MEA L AMPK , mRNA ik T},
BB G2 XL (P<0.05) ; P2 a8 v 25 40
XTHER L AMPK , mRNA 38 1A (4 5% i B A B 3 4%
S FTAKF, 3R 5,

x5 FHARRHERIL AMPK , % Glutd mRNA

SRR RY LU 3 (ats)

205 n AMPK , Glut4
EHE4 6 2.57+0.57 1.7120.34
FERIZ 6 1.50+0. 60° 1.37+0.58
g 6 1.88+0.36 1.45+0.08

[iiEE it 6 2.60+0.92" 1.81+0.53

W 5P R, P<0. 05 SR A, P P<0. 05,

2.5 X T2DM KEMEM AL AMPK , &% Glutd 113
EN iU AL

A AAM L, BEAVE L AMPK , 2 Glut4
EHERIL T, 2R B GIT#E X (P<0.05) ; 51
RIZH Hds, DU 2G4 520 AMPK , S &3k FTH, 2 5
A2 X (P<0.05) , L% 6,

Fo SUAKREHIIL AMPK , & Gluid HH

IR LU (Fs)
215 n AMPK , Glu4
= HA 6 9.43+3.42 0.94+0.38
HERIZH 6 6.29+1.36" 0.49+0.27°
[ 6 7.80+2.73 0.66+0. 50
[EE2E i 2 6 8.59+2.80" 0.62+0.38

. 54 E,*P<0.05; S HE " P<0.05,

3 itig

AMPK fESEAE b BE AR 5, 2 A e 1Y 1Y
KT, Tz RIE T A MU G &5 T, A

Ivi] (%) 20 2 URN 200 B A7 76 R ) 174 ) 2 S A A, 43 A 7
HEEL O ERFAE A EE R o2 W, B AUE
SRR GG T R, R AR 2 5 RAE I
FI AR 55 15 S i i SR e

£ T2DM B8 B SRR 1) sh A AL vh %
BRI N85 FILA 5520 EIZH 2 i AMPK P PR
W X —I% WP AMPK 259815 BF9Y R IR &
AMPK {555 P48 ) A BT RE ] DBRAR AT | 98 E
K W4 i A2 e 3 T2DM (I R GE IR, He o
AMPK ./ Glutd {55 5% 0 28 4515 B U4 G 5
R T HUA 90% DL F 8 2 RS & AR e B
WL, BRI 52 B % LN AMPK ,/ Glutd {55 511
Thg, %t T2DM AU ila 2 T R X,

ARk, B A TR N 1 1 ok R 5 2
P8 LR I HE SRR AR T, 2000 f 48 T2DM
(I RAFFZE 0 1 | I & LA 245 4 T il 2
TRURE R ER 3, T Ul A% AR A AR, O X AR R A 1
CLAR T =R VR U 5 0 T % o B R AHK
PUHR B K B 34 B8 5 1 | ] sl ke 3 Jike 1
RISt/ AR BLT7 A8 1 Bl o, FH v
2l (AT UM AL 1 B Z TR AT

VA BAZE 77 30) T4 v & 3094 2 -9 b B L4
Jifl AMPK , & 5 A FF 5 P T VE T, 45 5 AR IRk 5%
(255 BT FEXT T2DM K FUBEHI A7 T I, 76
T HOSUICE BT O A o - R AE e, v TR
BRI A2 o] 7 B T R Rk 5 W) B, ol OBUDK
X AMPK ,/Glut4 {5 54 (1) 3005 RE 115 8 T — & f
BER PR T, R IIHRNE k2 n] E s sl )4 L
AMPK , (1555 R e 57 5 285 L 2R3 2 I8 L L ol it —
RIS AMPK ./ Glutd 15 5-45% B0 2008, AT
IR B RRUE ME 5 0 B A

7741 4 S A FHE B LR B R 0 X Glud JE A
KR H RS R IR LA (1) FikgfEn
Fil - RSP E T R e K, DA AT A 32, S B4 Y il 4%
AN VLS R 35 (2) WLR B Bz 20 5 =X B BB 4 A LA
PRk, AR iz sl e LU iR 1R 8 3h
F, SN B R AR 35 O | WLET 4k 1328 B))
W DU A2 A 12 80k 3, it ok ; (3) Tk
YRR B )« T 925 6 30 1 45 A B[] 2 A R 5 7y 7
B LE R 2 R B (4) SRR SR E Y
AR I 2 MBS AR B A TR AL B B LA, 38
FIEIE P IR SRS T, Z A T BEAFAE RS
HAEH BRI, 33X — 25 5 N SCI0 % R B R T
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JE R Tk 0 I FAE T2DM I PRIGY 7 Hh B S

N 1130 A VAN AR AR SIS F TR LN
Iseksas | A WESE, vl LUE H T2DM B & mALHE 2
7T A, PR LA 0 ot R 4 1V F AL ks AN
JE B S, RO FEAE S —,
N ZEY N e A N e R S e S U (6
R, ARG S5 A 48 R T IR 16 4 &= 1 10
T2DM FFR A AL, & B0TF-32 ol 38 2o 806 e
WL AMPK ./ Glutd {5555 & #E I MU A5 /9 1
FH, DU R 1 Tk sy ol oo o 2 & ¥ . A TG
AT 107 L A e— R — PN 3 I B R 2% it —
AT AR AL 2L AR R A 1 AR 2R K
7, JFPRE ] I &R, 7 e T 4 i 8 R e T
ERYVE L

2 % X #
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