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] E. AR A C2C12 miesd 5 Ak B TR T B ILa IO R, YL — 3R L4 B
RV F| B 3T H ARG Fra . A R B AR LR G ARARIBR I A 4-1L 5d %9 C2C12 /e 16 h,
Foi B-20 20 B35 S P W BB A S Ao m e, R IRAE AR B K R i 5 R 0 MR B K
R A MG WA 4 4. sTRRZA(C 40), Wkl ZA(EPS 40), ARAEBRZH(PA 20), W 48+
AFAR R ZL(EPS+PA 41), vA 15V, 30 ms. 2 Hz #9%5% & ¥ k138 60 min, MOEEM 52 40 1035 3k ) 2) 4
#4%F . AMPK-02 mRNA #= GLUT4 % & ik &, 4R 2=, (1)0.5 mmol/L A B & A 16 h,
5 C 2a4ak, LDH, MTT £ 2% ZA(P>0.05), % A4EF 42U 23 m(P<0.05), ANk %
BUG, BABEMATERBAT IR R FH £ F(P>0.05); (2)5 Ctak, PAAT HEHLER
34 m(P<0.05)., AMPK-02 A B & ik 2 % T %(P<0.05). % GLUT4 & @t GLUT4 &4 kA%
2 Z T K(P<0.05); (3)5 PA 4i4akt, EPS+PA 0% £ 45 H 4 & % Fm, V' (P<0.05). AMPK-02 % F
Ak R FHF3(P<0.05), ILE L GLUT4 & & Ak 3E % B 53 m(P<0.01), % GLUT4 Ea & & A
Fr¥g e, 48 225 TAL(P>0.05), £ RHLU : AZARBR(0.5 mmol/L)# & 4-4L 5d 49 C2C12 Zm it 16
h, TAFHLEG MRS FRTLG LA, 15V, 30ms. 2 Hz 693% & 433 60 min, =T A3 5k
B IR B L AT H) B AR TOIK, 38 AMPK-02mRNA #= GLUT4 & & 89 &k, A8 Tk &
G PSP By F AT R B L4 R 6 B XA
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Abstract: By using palmitic acid to incubate C2C12 cells, the authors established a model of lipid rich insulin resisting
skeletal muscle cells, so as to observe the effects of contraction triggered by a certain intensity of electric stimulation on
the cells’ sugar metabolism. The authors used different gradient concentrations of palmitic acid to incubate 5d differen-
tiated C2C12 cells for 16h, measured glucose remaining amount and cell activity in the cell culture fluid of various
groups, selected an appropriate palmitic acid concentration to establish a model of insulin resisting the cells, which was
induced by such a concentration, then divided the experiment into 4 groups: a control group (C), an electric stimulation
group (EPS), a palmitic acid group (PA), and an electric stimulation + palmitic acid group (EPS+PA ), applied an inten-
sity of (15 V, 30 ms, 2 Hz) of electric stimulation for 60min, collected the samples and measured glucose remaining

amount, AMPK-02 mRNA and GLUT4 protein expression levels in the cell culture fluid, and revealed the following
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findings: 1) Comparing the group incubated with 0.5 mmol/L palmitic acid for 16 h with group C, LDH and MTT had
no significant change (P>0.05), glucose remaining amount increased significantly (P<0.05), after adding insulin stimu-
lation, glucose remaining amount had no significant difference as compared with that before stimulation (P>0.05); 2)
Comparing group PA with group C, glucose remaining amount increased significantly (P<0.05), AMPK-02 gene ex-
pression decreased significantly (P<0.05), total GLUT4 protein and membrane GLUT4 protein expression levels de-
creased significantly (P<0.05); 3) Comparing group EPS+PA with group PA, glucose remaining amount decreased sig-
nificantly (P<0.05), AMPK-a2 gene expression increased significantly (£<0.05), myotube membrane GLUT4 protein
expression level increased very significantly (P<0.01), total GLUT4 protein content had no significant change
(P>0.05), although increased somewhat. The said findings indicate the followings: using palmitic acid (0.5 mmol/L) to
incubate 5 d differentiated C2C12 cells for 16 h can cause the occurrence of resistance of their lipid rich insulin; an in-
tensity of (15 V, 30 ms, 2 Hz) of electric stimulation for 60min can promote insulin resisting the glucose absorption by
skeletal muscle cells, increase AMPK-a2 mRNA and GLUT4 protein expression, thus help improving lipid rich insulin
resisting the sugar metabolism of skeletal muscle cells.
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1.1 C2012 fHABIES:. ik

/NEUEPBSULIILER 4 22 C2C12 4RI 1 R 77 E R
K2, DMEM m#ERFRIE(E 10% R4 M), 37 C.
RS 5% CO, FE SR iER, M E K%L
70%~80% N1 I A7 240 FH 0.25% B85 (g AL IS , LA
2 x 107/mL % BERNE] 6 FLEFFRAR b, FR 20 2 T
FEMUR T JE IR 95% 747, 4 oAb 1 77 3k (=
DMEM, 2%Dh i3, s 1975 5 £ /555 R) ik

PEFT AR, BRI, JEMIMA ML= 55 i
TR REL
1.2 PAWFBEII IR SEANAEEE

LS4k 5 d I, ol 19%BSA (ARBTG5 15 35
WE 12 h(YUHb ) . B5F= AR BAL A A 0. 0.25,
0.5. 0.75. 1.0 mmol/L ¥REEMIFFHHER(PA), WEH 16 h,
OB AN S SR LR SEHGE 224, 87 IR 400
AL

ML O Yot PAWFEE, IIABTRSMEL 10%H
PEFEEF E 30 min, PBS #hyk 3 ¥k, AEFLINA SRR
FIAMEL O Jeik 1 mL, =MFE 2 h, WEIRTHIE L
e FREPEM, BILIMA 1 mL B4 4%
NP-40 5 AEE, REWSTERALEUE 150 wL, 4%
HE g o A ) T AR 5 BT B AL A g TR Al X 7]
AU E i o B o ) R R SR R B AR FR
NIk 10N
1.3 LI NAFNBFIHMAE

YU PSR NVE BENL T A 4 4, XS HRZH(C &)
FLIIAL(EPS 41) . AEAEERAL(PA 4H). H 0+
ZH(EPS+PA #1).,C 4171 EPS £ /3L 5 3R L7595 16 h,
PA 411 EPS+PA 41l PA %5 16 h il IR L. K5
A3 5I%F EPS 41 A1 EPS+PA 4L AT e il , 58I 15
V. 30 ms. 2 Hz, Af[a] 60 min, H445oR 7 BIRE; C
ZHFT PA ZH FARISCRE . DU AHOCHE AT
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T FEAE , Wt AR LDH W, iR &
SR A ) T AR AR A
1.5 HpEFREENE G RKRENE

5 2 W AU Bl — o S A A A A D 3 R P R
AT, BEFFRCNAE 550 nm AMEHEFE(E, 32
TR & i o ZEARHRIRIFE B 25 5CHT 30 min JIA
100 nm P95 5% 2R (Ins )75 VR BRI [R]V 790 14 JB 5 25 % R
i (BR TANE RS 22, LA W Ao — ) I
1.6 PREBEWERHES a2 (AMPK-a2) mRNA BIIZE

K SE B PCR 7kl c2c12 L
AMPK-a2 mRNA /K-, 5149 EigA: TAYA R ]
Wit Pridc b st i B AR AR Y H R BR 2 ml it
Trizol HEHEHUILAS 21 RNA, mRNA U554 cDNA,
SR AT 1 S SR A WS SV (RT-PCR) . AMPK- o 2
F#51H 5°~-TCCAAAGTCAGCTATCTTAGCGTT-3,
514 5 ~CGTGGATTACTGTCACAGGCATAT =37,
NZ FE5 1% 5°-TGATGTCACGCACGATTTCC-3", F
W3 19 5°~ACACTGTGCCCATCTACGAGG-3", TE45h
20 wL FOWARZR, Hema3200 JEHP B .
LL GAPDH ANZ:, T3 H BYFER AN ik .
1.7 Western Blotting I E B EEH EZEH

4 (GLUT4) BEFRIX

WA, AR, B O PR R AR
Mo %88 GLUT4 Z& RGN S B 5 Al B i) 2k
i RNIBC T — 22 R BE 1 53 B IE RN 5%ve i it o St
GLUT4, AMPK, —¥i. 3B )5, TBST VR,
i ECL &R, Wi, X LA EREDE, £
i A4S 2 ARXT K BEAHL, B —actin HNZEMA, “H
AR AR = H I R EE(E/ B —actin NEEEHENR
FEME” o R & AL AR A AT PR A R4 AL
1.8 HBSiHabE

SPSS17.0 it A TAL B FR A EE L > =
s7 PR, BRI ZR T 22 TR S0 % 2H B 1) 2 S 1
P, P<0.05 M EVEZER, P<0.01 MEH B EE2ER .

2 BRRESH
2.1 AERE PAFE EHHAIEMERN LDH FE T
MTT 252 R % 40 A A A R g () 28y
2, MTT {H FFE, BoRiGAEcERD, itk
I, 221 R ARMEEE(0. 0.25. 0.5 mmol/L)PA §# 5
16 h, ZHHOIEPERIEA, 5 0 mmol/L PA SFF AL, 0.25,
0.5 mmol/L W5 J5 MTT {HEAMAL, HICEEMEER
(P50.05), 075, 1.0 mmol/L W& 5, MTT (MK EZE
(P<0.05), #2718 0.5 mmol/L LA b3 B2 W S Al 1 4 s
B, LDH JEBUBEEMRIbRE, WEAusrEn
Febn, WG IRK, TRl Z AR, K1
LEREOR, SR 0 mmol/L PA BEEAHIL, 1.0 mmol/L
%5 J5 LDH 15T HN(P<0.05), 1fif 0.75 mmol/L AR 14
3 MNRERRE S, LDH 1&MHEIJ0 i EH22 5(20.05),
PERUE 1.0 mmol/L W E 5, WU IR H IAH B 45147

F1 AEKE PATSEE MTT FOLDH JEME(x +s)bEEX UL

¢(PA)/(mmol-L™") MTT LDH
0 1.29+0.0013 0.422+0.04
0.25 1.28+0.0055 0.442+0.05
0.50 1.13+0.0922 0.475+0.05
0.75 0.85+0.0223" 0.504+0.06
1.00 0.72+0.0338% 0.6040.09"

1)5 0 mmol/L PA %% F rt4%, P<0.05;2)5 0 mmol/L PA # # Fuik, P<0.01

2.2 AERE PAMEEE C2C012 ALEERI £ EFPER
BEMLEER

F27R: 16 h [ PAWEE, WE 0.50. 0.75 1
1.0 mmol/L _F 3% Fh A &M 42 7 G 5 0 mmol/L AH HE i
ERIIN(P0.05), Mg AR E WA N (£<0.01), £
PA JEESEHET 30 min AIA 100 nmol/L JBE ) R
(+INSYHL A, W 0, 0.25 mmol/L 5 AN
JB 5 2R (~INS) R A [l B PA ¥ AR L, A 2 B A%
i FH K (P<0.01), 0.5 mmol/L. PA B HIE, 5 0
mmol/L ZHAHLL, FRIWIRIEZ (WA 1),

R2 FEREPANER, EEERKE G MBEFURE (x5 b mmol-L"
PA G(-INS) G(+INS) ¥
0 11.37+0.19 3.4120.58” 0.83+0.02

0.25 12.33+0.77 5.6+0.36" 1.77+0.02%

0.50 14.58+0.48" 13.6+0.40 1.87+0.01%

0.75 14.77+0.39Y 14.28+0.31 2.25+0.02%

1.00 14.53+0.73Y 15.34+0.89 2.50+0.01%

1)5 0 mmol/L ¥e#%, P<0.05; 2)5 0 mmol/L redx P<0.01; 3)5 Fl3RJE PA #9 G(-INS)rbdx, P<0.01
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0.5 mmol/L
E1 AERRERESE0NIZ O 44 hx100)
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2.3 B RNERBEMERKE. LDH FHE.
AMPK-a2 mRNA B84k

3 IR EPS AU EE SRR A AR
U A T X R4 (P<0.05), PA 41 ) & T % BR 4
(P<0.05), EPS+PA 4 ZF 4 BT PA 4
(P<0.05), BLREFRWH LDH 1% 5 %] BERLLAH FL TG
N 5(P50.05), {H EPS 4] AKX T PA 41(2<0.01),
AMPK-a2mRNA £k, SR, PA K
(<0.05), 1M EPS B BIEAI1(2<0.01), EPS+PA 45
PA ZHAH b AL i 253 i1 (£%<0.05)

#x3 KRHAGFSE. LDHEME. AMPK-a2 mRNA

AR FRIL (x £9) LB
8% (GY(mmobL')  LDH&MH(UL')  AMPK-a2mRNA
C 6.36+0.13 0.413+0.02 0.50+0.12
PA 6.63+0.11" 0.44620.09 0.21+0.11%
EPS 6.16+0.02"3  0.406+0.08” 0.92+0.0429
PA+EPS  6.43+0.91% 0.423+0.02 0.42+0.03%

1)5 C 4rkik, P<0.05;2)5 C 2atbik, P<0.01;3)5 PA 2arbik, P<0.05;
4)5 PA Ziit#x, P<0.01
2.4 BRI IRAE, 3[4 GLUT4 ERFRIXMITK
K2 8558 5 C 4k, PA 41 GLUT4 2 A
SRR B MERR(P<0.01), EPS 41 GLUT4 H13
RHEIN(P<0.05), RRER AT HE G 2825 5(20.05),
55 PA 41AHEL, PA+EPS Ui GLUT4 BEHZEA R &R
(7<0.01), BEAAR T, HICEE2ER(20.05).

s AR RES - -
[ -actin G ot
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)5 C a4, P<0.05;2)5 C 2ark4s, P<0.01; 3)5 PA Zarb4%, P<0.05
2 BHMEZENE GLUT4 EARFIETL

3 it
3.1 ERRMRSRIENMMmARE AT

WA H LS DRV 5 RO AL, dE A
I RIRPURA EE, s b)e BoA I n Tk
() C2C12 4l , & B s R B B RE Mo, 3l
YIRS R B, JCIE 38 i i B i A 218 1 1
FIRCE, SR e B RR NIRRT &, P B
WL B B i kbt . B4 A\ AR 21K
it 5 E B NERAATIRE S5, = A N AR
M, FET RS F B IR R, LUK EEIR AN
O P R A R P s A L™ | A [ 32 A A % 240
AN, 76 C2C12 FI L6 AHMiA /b in A A
MR R, T2 ILAEM o, H5 0 P AR
AT ERREES . W BE M 0.2~0.8 mmol/L AAFHRIR
WFE L6 RN 8 h, 4UAEIEPEAAE, (EXthEfmR
BRI S Bt B A B, T 0.8 . 1.0 mmol/L & kA
R 4> I 21 24 F136 h, ANAEIGTEHBIRRMET .t
5K 0.75 mmol/L FRHHFRALIESME 4 d ) C2C12
LA 16 h, GLUT4 mRNA 7KF-FIBEE AT,

AMFFEHERL | mmol/L AR E) 4 PR EERREE, BFE 4
1k 5d i C2C12 IAE 16 h, KB, Bk EE(0.75 . 1 mmol/L)
AR R S, AMOE DT R, (RHREE0.25.
0.5 mmol/L) AT ARG B A 235 | A 40 M5 P 1 A
Pithio £ 4L L3E rh BRI A i 5 0 RE AR L3S 3
PERETIN, 7E PA WFE S5 HAT 30 min AILA 100 nmol/L fif
B Z R BOREUS , MR (0.25 mmol/L) PA BE & LS
AT A o 5 R BEAS BRSO PA AIAH LG
B EW(P<0.01); 0.5 mmol/L 2H G i B A5 1k
IR L5 2T X s A W A R R 7 2 W B LR B
FAURER) E R PR HOATHEWT 0.5 mmol/L. PA W E
Je, WU X i B AU RIS, BB R
ML O Yeath &I, WU L @R TSR S n
TR C S FRIERR AR, BT LIy, 0.5
mmol/L [V IE PA BFE 4L 16 h, "I 5IE/SMEMIILE
AR FEAL, EEBIIE EREE
3.2 EFRIHMMERENM IR AR EEIEK G H
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HAR LA AT R R A S S e 2
VTR ANTR) P R AR R B 2 X B JU LA
FEEANEBIEZI . Nedachi™ A 40 V. 60 mmol/L. 2
ms . | Hz A58 BER0E A RFFT C2C12 LA ISR SN R )
RIS . Marotta "5 L) 50 V., 100 mmol/L, 30 ms. 3
Hz (15 B LI C2C12 LS 90 min, A ILNLE b
A FsEm AR OGRS PR . AT
WE &I, 15 V. 60 mmol/L. 30 ms, 3 Hz 58
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Bk 5 d 1) C2C12 HIUAE 120 min, 20 R34 B 46
i, HAEE S AMPK @423 LA B A R 12"
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IR AU 570 T ) 2 R A i B S A1 T %o
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FE LM b 2 R 5 5 A0 A A e KB e T A
IEAEOCR" e R AR VE 4T DUEE GLUTS
AR P 1) A0 M 5502 . SR, R T A
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Fh, HEIRIE 2 A AR Sk R TR R P A
AMPK- a2 3K TR 084 % AMPK 76 B85 L%
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BRI S, AMPK— o2 JEH Ay B IS B
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FH T WUBE A e S K, i3 shI R0
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YrSEg i SRR ST , WIS B T 1 R AT
HHAL AMPK- o 2 K3k, JARECET . H & BH I
AMPK- o 2 [FR3E , F I EE 5 R AT A - LAt
TR GLUTA WlE s, MG — DS ImiE
PR (0.5 mmol/L)JF & 4316 5 d 1Y C2C12 4l 16
h, WFEFHBES RPN LA, 15V, 30 ms, 2 Hz
45 B L RIEL 60 min, 1] AER = 5 BEPE IR BRSO 45
FPRERI I, B AMPK— o 2mRNA A1 GLUT4 2 1Y
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