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Effects of DZF on glucose uptake and GLUT4 protein expression

in C2C12 myotubes
Zhao Yuxue ,Zhu Xiaoyun,Yuan Quan,Liu Ximing

(Department of Endocrinology ,Guang’ anmen Hospital ,China A cademy of Chinese Medical Sciences)
[ Abstract ]Objectives ; To investigate the effects of dai zong fang(DZF) on glucose uptake and glucose transporter 4 protein expression
in skeletal muscle cells. Methods ; C2C12 skeletal muscle cells were differentiated into myotubes by incubating in DMEM with 2%
horse serum;glucose uptake in C2C12 myotubes were measured by 2-~-NBDG;the dose effect and time effect of 2-NBDG were ana—
lyzed. After the intervention of different concentrations of DZF, glucose uptake in C2C12 myotubes were analyzed in basal and in—
sulin-stimulated state. Effects of DZF on GLUT4 protein expression and translocation were analyzed by Western blot. Reswits : Both in
basal and insulin—stimulated state,different concentrations of DZF could stimulate the glucose uptake in skeletal muscle cells,with
statistically significant difference(P<0.05). In the basal state, DZF significantly increased total and membrane GLUT4 protein expres~
sion(P<0.05). In the insulin-stimulated state, DZF had no significant effect on the total GLUT4 protein expression(P>0.05) ,however,
it could significantly promote the membrane GLUT4 protein expression(P<0.05). Conclusion :DZF could increase glucose uptake in
skeletal muscle cells and have insulin-like function,the mechanisms might be related to the promotion of GLUT4 translocation.
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1 #REFZE

1.1 EBEMH

C2C12 4ifaly B+ B R 2R A M R 25T T (db s
1R 4 5 YR R 0 ), DZF 48 B B # VT U 25 ok 4R g
DMEM 3575 B ¥ DMEM 3537 B Hyclone, B 4F I ¥
. (fetal bovine serum,FBS) ., T fit & (horse serum, HS) & Gibco,
BSA BB M H Sigma, ERRBURAF &N B LB N1EAY,

2-NBDG.BCA EH ¥ E 2 iAM& ECL k%ﬁz:’ﬁﬁ%#&
W H B RELAL, GLUT4 $iL/& B Abcam,
12 Fik
121 #HMERSHEIRSE CC2EHERTE 10%
FBS ) DMEM 353,37 C ABE 5% CO, B3N
B3E, MANMA 80% A ARA T, BER& 10% FBS §9 DMEM
W, A& 29 HS WE ¥ DMEM B#E#S 0L, &
24 h ¥ 1 1K, 4 d B A B B LA T8,
122 FORBEHERN C2C12 iHIX) 2-NBDG FHREL  C2C12
MU T 6 FLAR , X4 h B B AL BT, DA 2-NBDG #%
FRH SR PBS BNk 2 K, B IR TR,
123 2-NBDG fERIMIBEZ . BIBBISE  C2C12 4ME#E 10°
A FLEEF T 96 FLAR, X4 BUEREA B LB AT e T R AR R AL
U, HWEREIRSL 6 1 2-NBDG B4 0 (R0 2-
NBDG,NC 41).25.50.100.200.400 pmol/L 4,44 6 4~
FL,37 CHBE 30 min /5HH PBS 8t 2 IR, TR A
P/ B B K (Ex/Em)485/528 nm W 3% & (absorbance
value, AVE . 4R/5 G7L10 5 mg/mL MTT 20 pL,B& 4 h,H 1
7,50 150 wL/FL DMSO, BE#R1X M550 nm WA B, DLA
528/ A (550 oy BE I 25 FL R L B B B RS RI BT S R AR 3R B R
% IHEHT 2-NBDG ISR EMEREE,

L 2-NBDG S AR A FRAN M, 3% RIS H A E) S 5 4>
kbPE2E . 5.15.30.45.60 min 4, ¥ FARFERUE A s !
Assommy, TTEAHT 2~NBDG HBAEVE FARTE],

1.2.4 DZF Xt C2C12 4AMSF MM 96 FLAR /1L i

B C2C12 ZHMILA S 1% BSA BI{KE DMEM $EFERYVRIERE

12 h, ¥ LI 1% BSA BARLWE DZF(0.5.1,2.5.10,20,
40,80 mg/L) ) DMEM ¥R & T 24 h, BFLIMA 5 mg/mL
MTT ¥ 20 wL,4 h f5H L3, I0A 150 pi/AL DMSO ¥,
BEARCIRE NS50 nm ALMRIGEEME A, BHER 6 fL, M
TEHR(%)=A Z5Hy2H/A M IRLAX100%, A ZoH4 A DZF THid
A B ;A MR NTE DZF TRAEH ST A A {8,
12.5 DZF 3t C2C12 HMEHEEIALW KWHEF ML
AU C2C12 M43 A%t BRZH (0 mg/L) DZF EFI B (5 mg/
“L).DZF $#|& 40 (10 mg/L) .DZF & F| & 4 (20 mg/L), 23!
Fi%r 0.5.10.20 mg/L. DZF i) DMEM #5389 T 1 24 h, inzk
AH0 100 nmol/L B 5% Z HIFK 30 min, ZJF/MOBIFIEFRE,
PBS ¥t 2 K, # 2-NBDG 1EF B B A3k B R it (] b B, 525
BRI DZF 7EBRHRE KR & RRBCRE T oM %0
B

1.2.6 DZF Xt C2C12 4 GLUT4 % [ 335 & B {7 B9 5
W SEESr4E 1.2.5,DZF FH 24 h J5 , RS E A ABEE
B, KA BCA EHWENE NIV E THU E R A
BHWE, BS0 ng BEARREMST , 10%8 FRBEIKEE R
Byk, BHEZE PVDF B L, 5% A8 34 &5 60 min, &
i GLUT4-HTi& (1:2 500 #%E)#Y TBST B H , 4 T, TBST
VRRR 3 K, I ABR o E ALY BEHRIC B9 3 (1:5 000 # k%)
J¥E 60 min J5, TBST ¥/ 3 ¥k, Al ECL fb3: &2 6 857 , Bt
X&h,
1.3 %it®4e

R FH SPSS 22.0 GEHEAFHATST TR R +
P (v +s) TR, ERNSAMEBRARFNEN £
AT A LR B LSD—: 15, B Ik ¥t 0=0.05,

2.1 C2C12 BT & F A

Wl 1 BN, R RS BB UL HE S R,
HRBFATHIIMAE . 4 2-NBDG L35 , 2E7% % BME
TRIEBIERRSETOE, WY c2012 BRIANEANE
HX 2-NBDG,

B. ®BRIR

A FERMUBRR C2C12 41T
1 FSSUARN C2C12 ARBMENRE 2-NBDG BH/E
BB BRI (100 %)

Fig.1 Differentiated C2C12 myotubes observed by microscope

and fluorescence microscope after 2-NBDG incubation (100 x )

2.2 2-NBDG # A éﬁéﬁiﬂn‘a&% ES
53+ B84 (0 wmol/L)HH EL ,2-NBDG & 2 A% 3¢ Y458

AR EESS N, 438 % (1.016 £ 0.045) , (1.052 + 0.061) .

(1.056 £ 0.052) . (1.259 + 0.048) . (1.316 + 0.060) , 5,200,
400 wmol/L £ 555 R4 LB Z R A G 1T 8 L (P<0.05) , i
B ] LG22 57 (P>0.05) , B4t , b8 R 2-
NBDG 1E R E] FEA Wik, 433114 (1.014 £ 0.067) . (1.021 =
0.062) . (1.093 +0.068) . (1.208 £0.071). (1.246 +0.036), 5
5 min 24,30 min A 4T 2 R (P<0.05) ,45 min .60 min

A G ITEE R (P<0.01),45 min 25 60 min EMR ., XHK |

HE#EER(PS0.05), NKE-BTRIBMAE T UMER, E—F
T BB P9 (¥R <400 pmol/L, A [ <60 min),C2C12 B E#E L4
ML 2-NBDG S HAERWEKE HEEEMX, ZTIR
BA R REESFTEGE LK, A% 200 pmol/L,
45 min YE% 2-NBDG {ERIRY LI &4E, WA 2,



— 1496 —

BRERASEZE 2017 £ 42 %% 11 8 ( Journal of Chongqing Medical University 2017.Voi.42 No.11 }

1.51 : 2.0 4

-
(=)
=
=
W
©

gl
=3
.

XTI
o
&

XTI
(=]
&

=
o

4

=3

0

5 30 45 60 25 50 100 200 400
2-NBDG (umol/L) 2-NBDG B & ES/H] (min)

Y R o B 4 42 24T, F=45.312, P=0.000,200 pmol/L ,400
wmol/L #H50 umol/L FE( P|=0.000,P2=0.000) ,a:P< 005,200 pmol/L
205 400 wmol/L 4 L, P=0.053; AIRIRHEIH £ 07 24047, F=17.561,
P=0.000,30.45.60 min 415 5 min 44 & ( P=0.039, P,=0.000,
P=0.000) ,a:P<0.05,b:P<0.01,45 min Z1 55 60 min ZHAH}, P=0.294

@2 2-NBDG KBEMRE . FHE( n=6,x x5 )
Fig.2 Optimal concentration and time of 2-NBDG ( n=6,x s )

23 DZF 5§ C2C12 BRI a3 s v %R
ZRFWRE R DZF THALE 24 h, SREFTE RSN
(100.00 + 6.90)%. (96.24 + 8.89)% . (96.48 + 8.05)%. (100.89
5.65)%.(97.66 +13.81)%.(98.90 +9.99)% . (97.74 + 13.22) %,
(89.13 £ 10.51)%. (83.27 £ 5.09) %, 5%t 4 (0 mg/L)AFLL,
0.5.1,2.5.10,20.40 mg/L AERTH T2 E L (P>0.05) , i
80 mg/L HEAF LIt 7 (P<0.05) , X 4 T4 FE A MR VEA
A 3, :
1504

8

HMAEE R (%)
3

i}

0 05 1 2 5 10 20 40 80
ZDF(mg/L)
B ENT,F=2.182,P=0.047,5 0 mg/L HH L ,a: P=0.003

3 DZF 3 C2C12 RS MRRME ( n=6,x x5 )
Fig.3 Effects of DZF on the viability of C2C12 myotubes
(n=6,x+s)

2.4 DZF 42 C2C12 B R AU4m e S B4R IR

TEFRPRS B 5 RRIBCRE T , DZF Hr (B 2L
SREEREER, EARET, DZF . BAEATHN

AR E 2 P X AT E 11.29%.11.8% .9.4% ,

EFBRGITHE X (P<0.05), S ENBCIRST ,DZF K.
L ERIRASH LN AR R 5.6%.6.1%.4.8%, EREE
it B U (P<0.05), 148 DZF W 5k S R i RME S #%
MBI R, W4,

[ng

15

—_

FXF SRR (Jeon 4)

0.
- DZF(mgL) 0 5 10 20 0 5 10 20

BEE - - - -+ 4+ 4+

L ERPRA T, F=3.412, P=0.037,DZF ik .4 . B B4 5 R4 L
5 (P,=0.015,P,=0.011,P;=0.037) ,a; P<0.05; BE S EHIBORA T, F=
4.622,P=0.013,DZF {f& . R B4 5 %t B4 3 (P,=0.006, P=
0.004, P=0.017) ,b: P<0.05

B4 DzF 3t C2C12 BERALAMMEEREARM (n=6,x +5)
Fig.4 Effects of DZF on glucose uptake in C2C12 myotubes
(n=6,xts)

25 GIUT4 %9 ME#LEaRALER

GLUT4 2 E# MMM - T ENEEREEES
FRIAEBREERSBEPES ZREENERM, 20
RETF ,DZF & EFEAF AL GLUT4 i GLUT4 &
B3k, SR RAML, EREE S8 L (P0.05), B
FRERAT ,DZF £F A S GLUT4 K HEFEK, H2
FEG T #B X (P>0.05), IR GLUTS B H RIXBT IR
W, &R EH G2 E L (P<0.05), FITEME S ERERE
F,DZF Al GLUT4 M4 (B 5. % 1),

FAGLUTA s e GOSN WHANS U G <ot srmmrse
GAPDH S B W G S au eu
B GLUT4

DZF 0 5 10 20 0 5 100 20

ATPase

BRE - - - -+ + + +
5 DZF 3t C2C12 4% GLUT4. B2 GLUT4 ZEa&REHRIE
(n=3,xxs)

Fig.5 Effects of DZF on the expression of total GLUT4 protein
and membranous GLUT4 protein(n=3 ,x +s )

£ 1 DZF 3} C2C12 4l GLUT4. B GLUT4 F| B RiAHRM(n=3,x 7+ s)
Tab.1 Effects of DZF on the expression of total GLUT4 protein and membranous GLUT4 protein(n=3,x 7 +'s)

3 & GLUT4/GAPDH B GLUT4/ATPase
HRA& JBE B ERUBLRES HRAE B R RBRE
pag:ict:| 0.243 + 0.008 0.912+0.061 . 0.006 + 0.000 0.981 % 0.061

DZFEFH B 0.717 = 0.030° 0.853 + 0.023 " 0.457 £ 0,042 1.138 £ 0.042"
DZFfi 8 0.825 £ 0.022" 0.807 + 0.063 0.835 £ 0.027* 1.258 + 0.051*
DZFRHEH 0.633  0.041 0.801 £0.075 0.549 + 0.037* 1.098 + 0.086

F{& 267.839 2.299 364.667 10.121

P 0.000 0.154 0.000 0.004

e, PR T , DZF &P . BRI B A S GLUT4 53+ B4 ik ( P=0.000, P,=0.000, P,=0.000 ) ; DZF fi& . & . BRI B4 GLUTY S3tHB4 th i
(P=0.000, P,=0.000, P,=0.000 ) ;b: RS ERIBCRA T ,DZF K. F . BH BAHBE GLUT4 53¢ B4 L ( P=0.015; P=0.001, P=0.049 )
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MSEAEE T RS ERTEETNXER,
SRR, AR/DERE MS B EEREERE, ‘i
- ESAAR CHELS NP EHREREALZ,

NAKMESHBUAERZ , B THEBE T, B8
FERIAERE . LA“REWS " fir & HERR T RGP0, AR A
HER“+T—H" X BT RS 1T R T Btk
AR RE——rp BIERZAHTIE A Bl %t 3 398 6l
MS BE K EIEREEFRT R B, “RAELE"H MS
FIEASIE RS, HILHIE T MS MEAIGEEiVL
EATRER”, FE T EA T —REH, B E
% ERFE 2NEEHAR, BRERIUESL,DZF 68
{R 3 3T3-L1 fERr 40 B E W HAE TN TG 434%,
LA AR AR E R H GLUT4 i) mRNA #
ik, B B AP 3T3-L1 AR IR SRR, DZF
O A] REARTHER 5 5 A9 HepG2 E@WH HRE,HER
BMRRD, '

BHRIRNAERNESEERE , 2585
%) 80% BRI PE R B, 386 0B B L% R 2 M A S B AT
FIRRE X E RS BRI A A EERE X, 2-NBDG
R E B —F LR, ERE SR THEE
BB BB AR B A a0, B A 5 8 | B8 &t
WGFA . B ESENE T 2-NBDG 1ERME
BMETRR R , L R HEAT DZF XT B L4
HEE BRI TS, 43I0 E T PR S & B

BERBCRAT DZF X C2C12 41 #E 28R By

B, IEETEEMMRA T, DZF K. P B gy
RSB U 2-NBDG, RA LB R EEA, &
RS ERET , DZF SR BT 5L R REH 2-
NBDG WIRRE, H A SRS BRAERUR . FE
HEELE,DZF BRERMEABERTRERRE T
W, U6 B FAE FIR B VT REAF 7RV ME, 76 T (E )
BHRIET , HE RS T, BX DZF HEX
KR MTH—EHE,

GLUT4 R EBUMME L TEMNERS %‘ﬁ@?ﬁ
WiEER, REARIKEHRE T K2 a8
BIBE S , ZRLRAT ,GLUT4 B T4MK, 1A
LMHAI B4R A 6B R MR, BFST R, {2k
GLUT4 [) 40 M S5 0 v B R R 1 B4, S &
BB, 2-NBDG B BUH A 20 Mot B 4K T
GLUT", DZF "l {23t & 8% W40 IR B 2-NBDG , H &
FHE LW GLUT4 BE HRA MM {EH 2-NBDG
R FEH#—EMR, Hit, L83 GLUT4 &

EOREBMEARRRIT TR, SREWH &
RERA T ,DZF BE{Z3EM GLUT4 #ik, HRH#GLUT4

- RS, LB DZF A RS REM RS

ERBERES T ,DZF X GLUT4 R EBEHEELTEE
A (B AR 3 GLUT4 [n] 40 BORESE 0 , B DZF
A 5 B,

25 LBk, DZF w38 %40 E B R EL,
BRRBESRIER, RAERYLHI 68 S51E# GLUT4
4IRS G 55, B DZF e E F Ry,
HIEHE R E R AERTH MR UBIES
HIEHE ZHF
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