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Effect of tamarixetin on insulin resistance of 3T3-L1 fat
cells and the mechanism of AMPK signaling pathway
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Abstract:In order to investigate the effect of tamarixetin on insulin resistance of 3T3-L1 fat cells and the mechanism of
AMPK signaling pathway ,the 3T3-L1 fat cells were induced by dexamethasone and insulin resistance model was established,
then Glu uptake and TG content were detected after administration ; Further, qRT-PCR was used to detect the related genes in
AMPK signaling pathway , molecular docking was carried out for the related proteins by the docking software ,and Western blot
was used to protein detection. The results showed that when tamarixetin treated for 48 hours,the Glu uptake had significantly
increased in the high and low dose groups (P <0.01) ,the TG content had significantly decreased in the high dose group (P
<0.05) ;In addition, tamarixetin significantly increased the gene expression of AMPK (P <0.01) ,decreased the gene ex-
pression of FAS (P <0.05) ,had a good molecular docking with FAS protein, promoted the protein expression of P-AMPK, P-
ACC,P-PKB and PPARq,and inhibited the protein expression of FAS. This study provide that tamarixetin can increase the
Glu uptake and decrease TG content,which may be related to the regulation of related genes and proteins in AMPK signaling
pathway.
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1 #RE5FZ®
1.1 SR
111 @Rk

/NER 3T3-L1 BRI AT A, 1 1 Tt BE 4R
2B HER R 2 AR T
1.1.2 Z#5XA

BEMIEE R (R QAR A R AL it S
20160828 ) ; b FEAK AN \MTT BEME % | %7 4% 41 fi  DM-
SO 4L O IBMX ( € [ Sigma 2y #, it 573 A
D1756 ., M2128 . R2408 ., V900090, 00625 , 15879 ) ;
FastQuant ¢cDNA 25— 4 37 &, SYBR Green iz
Al (R AR A s A R A A 5 5058
KR106-02 F1 FP205-02) ; DMEM ( = 8% ) ( £ [E Hy-
Clone 23 H] it SH30022. 01) 5 in 4= Il ¥4 , JHR A 1 i
(£ H Gibco 2 ], #it %5 4 il & 16000044 |
25210056 ) ; PS, Trizol Reagent( Z&[F Invitrogen 2\ ],
it 43518 15070066 15596018 ) ; d 2H N Y5 & %=
(AU REERHHARAF] L 45 18830) ; #4545
I ) 8 (A 3 A i L R R A R W] 4t
5 E1010) 5 Hih =g 2 5 I 100) & (b at i i

R A FR 2 |, #t5 0510A17) ; Phospho-AMPKa
& . Phospho-ACC $7 {& . Phospho-PKB i 14 | Fatty
Acid Synthase K B-Actin HiifA ( SE[FE CST 2~ A, it
243 5 kg 25315, 11818T ., 4060T . 3180T . 4970T ) ;
PPARa #7044 ( 26 [ ABcam 2\ &, #it 5 ab24509) ;
Goat Anti-Rabbit IgG (H + L) HRP ( 3 [H Affinity /2
A, 4145 S0001) s 514 (i AEY) TR IR 55
HBRAFD) .
1.1.3  SBE

OLYMPUS CKX31 #U{5] # AH 22 o s ( H A O-
lympus 23 #]) 5 IL-161HI B — S Ak i 35 372 46 (i AR B
XA A5 A B ] 5 ClightCycler480TT 7Y 52 i
26 E & PCR Y (Hi 1+ Roche 4\ 7]) ; Varioskan
Flash %4 4> )% K if§ 475 {% ( 3% & Thermo /3 7] ) ; Nano-
drop BYE i 43 W EE T (SE 1 Thermo A ) ; SW-
CJ-2D RIS gk TAE & (G Mg b i & A R
INT]) 5JY300C 7 HL K A B K S L R (B3 T oS
—AER) ) s MultiGel 21 9 Z I & L0 E 4 E
BT £ 58 (575 TOPBIO /A 6] ) ; ImageQuant 350
RIS & IR (3£E GE AH])
1.2 XLWHZE
1.2.1  MTT ZAml AR Hp sk & *F 3T3-L1 g B 40 fe. 7
EFRA I

¢ 96 FLAM 5% 5 A 40 B It B A= K 28 78 36 R
JIK 70 ~80% £ 45, BL il e B2 435 2 0,0 195 0. 390
0.781.1.563 3.125 .6.250 .12. 500 .25. 000 .50. 000
g/ mL [ RFINRE S, b RS FR V0, I ARE B T
37 °C 5% CO, R IR NAREEET 5% 48 h 544 20 pl/
FUIMA 5 x MTT FW, 462215 9% 4 h, BUR 5 W 2 1H
B0, A 150 wL/FL DMSO , il FEEFR1T , 353%
30 s, M OD £ 492 nm Ab W IC(E o
1.2.2 3T3-L1 fghssmfibsr O &% %

PR TR A %A 0.5 mmol/L IBMX 1 pmol/
L i ZEKAAFN 10 peg/mL 5 2 1) & B DMEM 5¢ 4
KW T4k, 5535 48 h J5 , 8o % 10 pg/
mL 5 2R 1 R B DMEM 58 42 Bh 35 i 8 5%, ah S b
F7 48 h J5  # o S DMEM 5% 4 55 SR 4R R85 5%
BiFRZA 12 K, 29 90% 4 434k A g 1 40 i,
W, PBS ¥k 3 Uk, il 10% Hk: H [ 72 30 min, i
21 0 JuplZ iR MR 15 min, LAWK (60% 51 )
Pk 3 W 80BN B AN A A
1.2.3 3T3-L1 B My 2 ik By £ ARFAEA 69 32 5

3T3-L1 g 40 M i 5 o A T I L 3 30 7 o
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BC I 259 I 64 T 40 B4, I 7 48 b AR HE g A b
I R U P 5 S 0 4 % 2 R R A 0 o
1.2.4.2  4ifap TG &k
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1.2.5 qRT-PCR #m AMPK 1 5 i@ %48 34 & B 69k

1.2.5.1  fii42 5 RNA & cDNA 14 ik

MPFs F E JS , 76 = B DMEM 5% 4 85 5% i
(41 pmol/L MFERHS) kst B9 24 b {1
FA 1 pmol/L Hi ZEKFA ) DMEM ( mib%) 58 255 5%
WRIC I 2590 , 150 B 1E R REZH A R ZH 0 A% 5
TR ZH S 25040, Ak 228557 48 h I, ] Trizol LR AN
Harb Y A RNA, U2 5 RNA #&EE & OD 7 260 nm
F1280 nm B4 HLAE , % FastQuant ¢cDNA 2 —45 4 1%,
W) & BB AT U 5%, 5 I cDNA
1.2.5.2 519t Lk

HRAE NCBI 23 A i /N B PR 4, B3t B R i
1,51 AR 1,
1.2.5.3 qRT-PCR

4G SuperReal PreMix Plus (SYBR Green ) iz
VLI TS 2O e 1 PCR {SGHEAT 525, R
200 )y A AT B A1 T 3
o
1.2.6 #Ark %5 AMPK {5 @ 3% 48 % & @ 5 F
xtHe

ZE 4 AMPK (5538 %, 76 PDB 32 7 (www.
resb. org) I RAIEE [, 1@ 1 Discovery Studio 4.5
BAEX R AT AL B, ffE ] Chembio 3D {4 4) 2
G =4E45H , 5 A Discovery Studio 4.5 %
ff o RAHAAFXHETT%: ( CDOCKER | LibDock | Ligan-
dFit) $E45 & 526 W rh N o3 B UG 422 31 28 11 45
W IR E S IRES R S W B9 /N e 3EAT 2407 AR

25 (RMSD) {E FEA, LA B IE RIS 8 X5 45 75705
&1 AMPK ESEEAXEESIWFTI
Table 1  The primer sequence of AMPK

signal pathway related genes

i ENAK EiEZiE 2l

No. Gene name Primer sequence
1 AMPK i : AAGCCGACCCAATGACATCA
T i# : CTTCCTTCGTACACGCAAAT
5 ACC 9% : GAAGTCAGAGCCACGGCACA
T : GGCAATCTCAGTTCAAGCCAGTC
3 FAS i : ACAAACTGCACCCTGACCCAGA

T # : TGCTGGTTGCTGTGCATGGCT

% : GGTCTGCCTGTCCCCATGAGTACC
T : CATCTTCGGCATGACTGGGCA
|3 : GGTACACGCTTCGCTGCGGC
T : GCTGATGGCTTGCTTCAGATCCATC
| : CGAGCTGGACGACGGACACTC
F ¥: AGACATAGCTCATGGCTGGAAC-
CcCcG
¥ : GGTCACGAAGAGCTGGTGCACT
T : GAGGCGCATCATGGAACACGG

| 3% : GCTCCCTGTTCCTGCAGCGG
T : CAAAGGTGCCAGCCCCTGGG

3 : ATCGTCGCCAAGGATGAGGT
T : TCTCGTGGTCCTGGTTGTAG
9% : CGATACTGTCCTCCTTGATGA
TW#: CGCGTGTGATAAAGCCATTG
3 AACTTTGGCATTGTGGAAGG
T : GGATGCAGGGATGATGTTCT

4 Adiponectin

5 Leptin

6 GLUT4

7 IRS-1

8 IRS-2

9 PKB

10 PPAR«

SNE

GAPDH
Internal control

1.2.7 Western blot #m AMPK 1% 5 i& %40 % & &
) F A

PTG, fE = B DMEM 58 2 1535 (5 1
pmol/L M ZEKAN ) h kSR 75 24 h J5 & A 1
wmol/L b ZEKHA B DMEM ( {254 ) 52 415 77 ¥ 1t 1
25y, UEE IE W A B2 | BH X A S 25, 4k
SRR R A8 h g, WO AR AN, 258 3R MUE FH EUA 1Y
PBS w3 3k, I A FC 4 ) 24 A v, T 40 i S AE
EP 4 K I 7843 246#% 30 min, MR HE 3 K., 4 °C
T L 12 000 rpm 5.0 10 min , B} BCA # M3K %) £
D2 BTk B, R 43 I 5 x 22 i (R B 1
X ), WA HE,99 °C 3 10 min, ¥ H1 %] %520 C 14
ffo MRHEAT SDS-PAGE Hi bk JFE IR B} P B Hiia iz
B KOCK R, K] Tmage J BRAFR 554 04T K&
OYHT RS R E A 3 K
1.2.8 Hapa2

SRR LIS B = bR (0 = 5) o, R
SPSS19.0 474831, Fl One-way ANOVA #5560 i 17
RAH A A, BEEKT-LL P <0.05 Fil P <0.01 Ky
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Bt g3 FXHHER AL st QS BHE A R Rl kY
Discovery Studio 4.5 #4347 437 Al Ak 3
2 HR
2.1 MTT EGMENE R 3T3-L1 BRI FE
RIS

BE A 2450 B R 1, R0 B 3R X A0 i A K Y
P VR FH 2 1 sk, ol o T E R BB R IC,

33.79 £13.60 wg/mL, 45503 2,
2.2 R OFBEFE

VT 3T3-L1 40 i 52 N KL AR P i 2T 4
BTS20 ML N TG R R 5 175 = 40 At S A [
B BE , 5340 A 1 IR 1D 200 A, 200 B 9 IR T 4
O3 AE TA AL R B, AL O Yett ), BRI S 20 t0, %
ELETILE 1,

£2 BEHEEXIT3-LI BERFAATEE B (v +5,n=6)

Table 2 Survival effects of tamarixetin on 3T3-L1 fat cells(; +s5,n=6)

{ZUE 0.195 0.390 0.781 1.563 3.125 6.250 12.500 25.000 50. 000
Concentration (wg/mL)
frili 107.8 £5.0 106.7 £10.7 91.8 +7.7 88.1+9.6 85.1+9.4 79.9+8.5 74.9+7.3 49.5+5.8 42.7+6.8

Survival rate( % )

E 1 T3-Ll BERTARESAEI(A) FiESE(B) BRE
Micrograph of cells before (A) and after (B) on differentiation

Fig. 1

2.3 313-L1 fERnéERaiR B =R MmAE B R 2 5
3T3-L1 N A0 ML A7 5 o A i, 1 b 28 K

FAFPIREE 48 h 50T 21 240 i XoF 5 280 MR 1) 45 DU IE

X RLEL T E PR (P < 0. 05) 5 fEHBFER KA i & 72

b, ST 21 24 i e ] 2 M ) 5 BB L S R 2L S
fIR(P <0.01) , FMTE T4 )m 3T3-L1 Ji5 s 40l £E
M FERAN T 48 ~ 72 h Jim B B RARHURE Y i 5
), BRI 3

%3 3T3-L1 BERA4RARME S IR AR Clu BE (v 25,0 =6)

Table 3 Glu uptake in the insulin resistance of 3T3-L1 fat cells(; +s5,n=6)

Glu # 83 Glu uptake ( mmol/L)

26 5

Group 2% h 48 h 72 h
TE% 4 Normal 0.677 £0.025 0.640 £0.016 0.707 £0.019
HAFIZH Model 0.602 £0.015 0.470 +0.012* 0.401 £0.009 * *

E:SIERALLE, " P<0.05;" * P<0.01,
Note : Compared with normal group, * P <0.05; " * P <0.01.

2.4 ZABaxXY Clu AYIEER

S RRIZE LU, BRI ZRAE v A0 i 0
3T3-L1 IR s 40 1o #7000 5% 30 25 58 (P <
0.01) , K WIEEMI 8 2K HAT ek 3T3-L1 15 400 g %ot

Glu HREL, 25 R L3 4,
2.5 AN TCHEE

SRR LR, PRI 3R = R B A X 3T3-L1 fig
0 AL P H I = A R BRI (P <0.05) , RIIAE
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Wre R HA R 3T3-L1 IR AN TG (9, 45 2.7 EHIEERS AMPK FSEREXERS T

RIS, e
2.6 qRT-PCR #ll AMPK {5 S@BHEXERENR BEMI % % 5 AMPK  FAS  PPARa #1 PKB % [
gy YRR —Ea TRHES &R, Horh g5 FAS

SRUBAL A IR R AMPK LI S UM S A A )
93k (P <0.01) , UL i S A% FAS JEPIZR3K B SUHIASSS & b, BRI 252 15 FAS 8 11 %442
(P<0.05) 5503 6 FIE 2. Bl KM AR 5 PAS 1190 XM IR 3.

F4 WA 3T3-LI AERHAERR Clu FRERBORNA (v £5,n =3)
Table 4 Effects of compounds on Glu uptake of 3T3-L1 fat cells(; ts,n=3)

413 Group % Concentration ( ug/mL) Glu 5Bt Glu uptake (mmol/L)
IEF 41 Normal - 0.682 £0.003
FEiFIZH Model - 0.444 +0.013
W& 5 |40 Rosiglitazone 3.5 0.645 +0.063 " *
AR ¥ 22 IR 4 Tamarixetin-L 0.5 0.620 +0.015 * *
AR5 2R = 4 4 Tamarixetin-H 1.0 0.612 +0.024* *

0 SRR, " P <0.01,
Note : Compared with modell group, * * P <0.01.
F5 WAWITI-LI BERFAALA TC & EIIMM (x£5,n=3)
Table 5 Effects of compounds on TG of 3T3-L1 fat cells(; +s,n=3)

21 51| Group e[ Concentration ( wg/mL) TG %1z TG content( pmol/L)
1E# 2 Normal - 0.449 +0.032
HEIRIZH Model - 0.493 +0.025
B %A EZH Rosiglitazone 3.5 0.355+0.021 *
BRI 2% 70 4 4 Tamarixetin-L 0.5 0.458 +0. 034
R 22 5 79 2 4 Tamarixetin-H 1.0 0.412 +0.028 *

TE SEOUA LR, * P <0.05; " " P <0.01,
Note ; Compared with modell group, * P <0.05;"* P <0.01.

F6 3T3-LI BERALAM AMPK {5518 2648 54 E [ ) mRNA AT RIXE (v 25,0 =3)
Table 6 Expression of mRNA of AMPK signaling pathway related genes in 3T3-L1 fat cells(; ts,n=3)

S Ea e UL MR
Cone Normal Model Rosiglitazone Tamarixetin
(3.5 pg/ml) (1.0 pg/ml)

AMPK 1.000 0.613 £0.031 0.967 +0.053 * 0.970 £0.02 * *
ACC 1.000 1.082 +£0.101 1.054 £0.054 1.082 +£0.024

FAS 1.000 2.051 £0.035 1.381 +0.133* * 1.596 +0.088 *
Adiponectin 1.000 0.690 +0.002 0.801 +0.004 * * 0.727 £0.024
Leptin 1.000 1.508 £0.062 1.521 £0.062 1.542 +£0.070
GLUT4 1.000 0.651 £0.021 0.998 +0.027 * * 0.708 £0.016
IRS-1 1.000 1.018 £0.019 1.037 £0.025 0.989 +£0.016
IRS-2 1.000 0.659 £0.046 0.879 £0.039 * 0.723 £0.029
PKB 1.000 0.845 +£0.041 0.898 +0.031 0.952 +£0.027
PPARa 1.000 0.665 £0.029 0.985 +0.067 * 0.669 £0.017

T HREAIA L, © P <0.05; " " P <0.01,
Note : Compared with model group, * P <0.05; * * P <0.01.
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Fig.2 Effects of tamarixetin on AMPK signaling pathway related genes(; +s,n=3)

B3 BEWEERES FASEBSFXHE3ID(A)F2D(B) &HE

Fig. 3 Molecular docking model of tamarixetin with FAS

5 B 5 v E@E P 2.8 Western blot #ill AMPK £ 2@ KX E AN
. SRR LA, BRI B 2 AT N B R b AMPK
7S [ e (P-AMPK) Bz 4k, ACC ( P-ACC) BB {k PKB ( P-
FFE | S———————————— | > PKB) il PPAR« 25 1 23k, A 4] FAS & H 3£
PPARG | S i e  —— | 524D K ETREEER, G RILE 45 MR T,
p-actin ——————n v  42KD 3 Zﬁi@
FEMIHE 2R 25 T 77 f 3G K 1 25 pg/mL B, 41 g
B4 EHIER AMPK {5 SEREXEANHN T TR THAT O Y i 5 i B LTS 3T3-L1
Fig 4 fffem }f‘“ld on AMPK BRI 40 2 L, 40 75 4l s B B R 21 €6 i
signaling pathway related protein N PN < e s,
V1L TERAL2. fﬁﬂzﬂgﬁp. R}j+§§Uﬁfﬂéﬂ;8.pff§’f9IJf-5?éﬂ;4 ~7 % gggﬁ%ﬁgﬁ :8) ;); i lefl ’ ffj %img??g
KSCR 4R B 94L& W 4. Note: 1. Normal; 2. Model; 3. Rosiglita- o Y o UL ( BAHAG ) P e ik 2 : ’
Zt:c fiijwfnﬁ ﬂ other compound groups not mentioied B RARPUR I ST 5 2R AW 9% 25 48 BRI B8 2%

in this article. ’ﬁzﬁﬁ 48 h }a ,ZIHH@XUL Glu E‘J%mﬁ%thu(lg <0.01 ) y
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7 3T3-L1 BN AMPK {5 SiBH#IE% B QMR RIEE (v £5,n=3)
Table 7 Expression of AMPK signaling pathway related proteins in 3T3-L1 fat cells(; +s,n=3)

zn — — i i

Protein Normal Model osiglitazone Tamarixetin
(3.5 pg/mL) (1.0 pg/mL)
P-AMPK 1. 000 0.625 +0.220 0.963 +0.291 0.795 £0.223
P-ACC 1.000 0.518 £0.281 1.091 +0.203 0.681 +0. 632
FAS 1.000 1.668 +0.891 1.274 +£0.590 0.858 +0.368
P-PKB 1.000 0.715 +£0.115 0.646 £0.116 0.857 £0.280
PPAR«a 1.000 0.495 +0.131 1.025 +£0.117 0.556 +0.429

IE & 4ANormal

2351 zz2 HEEModel

B 1 5 E{ARosiglitazone
= 1Z#1%%EH Tamarixetin

5 AEHIEEX AMPK {5 2@ A%
BAKFRE(x £5,n=3)

Fig. 5 Expression of tamarixetin to AMPK
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GLUT4 $ci (e i , A2t T 40X Glu i 45 ; ACC
I FAS 43 B2 B 7 R 15 . 4 R sk g 25 i, 22411
(1) 2 A5 W0 25 1S 07 1) 0 e, AMPK. 1 375 1k g s I AL
ACC I A FEAE R, R @ 2 90 ACC JE N Ay
3k BR 0 Mg 07 R A 4 T, 0% AMPK 5 3
SREBP-lc FE K 21k [ FEAK , N FAS FE PR ) 5%
K RN TG B4 " 5 Adiponectin i3 B8 LAN
L s TR S A RS W i, 7T LA AMPK, T Leptin
2 505 NS R RE BRI A0 TR S, 1 B H R, 10
i 7 440 e £ 45 5 TRS-1TRS-2 & F i &% e
Wz, HRBKE B BEAR T S 8 5 R (5 57 =
BERGHETT 5] 6 5 R AP s PKB Rk AR, &
iR 5 A5 T A% A2 BH, 5 B0R 28 B IR R 5

SR 5 T PPARG 2235 , 389 i 10 2 48 Ak, TRk
DURRELIN TG 1Y 7 i

TESEA TN X 3T3-L1 fig fifi 40 M A ML |
PRI, AR AMPK {5538 ¥ 3 22 AH 5 L R
BEAMATHEY, X e HE A Bl R 3% ol R 45 5
AMPK f9 223K , DA 52 i) 6 26 008 A0S U K70
PEMNEE 2% 10 A BE K #E1T gRT-PCR 14 5%, &3
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