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ETAMAMD FIIENREKRERE HepG2 AR S FZMIUIER Kl
w5

EHE, BB, BT
WP EZREEZRE, WIF K> 410208

W OE: BW WEREKTH (astragaloside IV, AST IV) Xt A HepG2 4NMIEE S RIKHUIER, BT 2 FI AL 5
VCECAN 15 T AN BAIE AST IV AT AEA/E P #E A, 55T AST IV B B RIRPNLH . 755%  RHEIREE B 2% S HepG2
YA £ IR S R APV LY, AST IV FT5, A0 M0E £ FeR, 3T 205 B0 B VTR AN 20 B2 750 AST TV AJ
REVEFIBE A, Western blotting AR MNA A CE ARIE. 5R  AST IV TTHE 25 W05 RIKHUM HepG2 20 8 &1
Feim, HAR 5 ERRRILAE 7B A 2 2T 20 8 AR A B VT EC AN 23 hF B2 T AST IV AR BB 25 5 ES 2 IR B IR A 1B (PTP1B)
HH2<; Western blotting &5 R 57w, FEE XL HepG2 41 PTP1B B AR X /KT BET &, MRS 2GS B & A ik
TR B 24K (p-IR) FIREFRAL IR 8 2R 1 (p-IRS-1) Fik/KF BHEFEL; AST IV (TR B K PTP1B
EARIAKFE, FHE p-IR A p-IRS-1 AR LKFE. £58  AST IV A5 0SS E N R 5 S0 HepG2 4 i 5 &=
BT, HAEFHHLE] S5 30H] PTP1B 80 5 215 Sl A 5.
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Effects and mechanism research of astragaloside IV improving insulin resistance
of HepG2 cells based on pharmacophore and molecular docking

TANG Wen-jing, LU Min, TANG Biao
School of Medicine Sciences, Hunan University of Chinese Medicine, Changsha 410208, China

Abstract: Objective To research the effects of astragaloside IV (AST IV) on improving insulin resistance in HepG2 cells, and predict
and verify the AST IV possible targets based on pharmacophore model matching and molecular docking. Methods HepG2 cells
insulin resistance model was induced with high concentration insulin. After being interfered by AST IV, the glucose consumption was
characterized by glucose test, AST IV possible targets were predicted by pharmacophore model matching and molecular docking, the
expressions of related pathway protein were detected by Western blotting. Results AST IV significantly increased the glucose
consumption in insulin-resistant HepG2 cells, the possible target of AST IV may be related to tyrosine phosphotase 1B (PTP1B) based
on pharmacophore model matching and molecular docking. The Western blotting results showed that, the level of PTP1B was
significantly increased and the levels of p-IR and p-IRS-1 were significantly decreased in insulin-resistant HepG2 cells. The
intervention of AST IV decreased the levels of PTP1B, and increased the levels of p-IR and p-IRS-1. Conclusion AST IV can
significantly improve insulin resistance of insulin induced HepG2 cells, and its mechanism is related to inhibiting PTP1B and
activating insulin signaling pathways.
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JR B FART TR AR 2 MR A S BB Sy AR WU b A Bl AR I B R O, e B J AT
RN AULPAZ B PR ) R A R SRR P R o 2 ARURE SR A R UDEEIR . O RRIE B R BRI
TR, WU e R BE R S RGeS A AR PR 7 T DA S o i A7

Weis BHEA: 2019-08-04

EEWH: EXEB/REIEEEBTE (81503385); WM PEZ K “+ =07 —HRIEREE S %0 H

TEREN: B (1995—), L, i, SFAITIRATHEZH . Tel: (0731)88458201  E-mail: 1770166209@qq.com

*BIEEE B b (1981—), T, WILWIRA TN, BI#E, WHAJ7In A 423 . Tel: (0731)88458201  E-mail: njtangbiao@126.com



- 164 - e

Chinese Traditional and Herbal Drugs 35 51% %5 13§ 202041 A

PIR SRR YIAC,  HRTBA N2 B ER &1L 1)
“ILE g 23,

Y (astragaloside IV, AST IV) 2K
FEIEMER S —, CEMREN, ASTIV feigik
HWE RIS LI RORE, & —PPELE IR T PR B
HRAERPEEYI BT, BRI HIE. SeEk
By R ACPUEAE W, (B2 AST IV B ik & =ikt
(AR T AN T o AT 5 R P v VAR i 5 215 1
2 N HepG2 4H faJik 5 2R HKHURE Y, B8 0E AST IV
GRS RICBUEA, F BT 2004 5 59 x4
) RE 0L 128 7 92700 AST 1V 25038 g 5 R A PTHE /4
HIKAE, 78 AST IV B0 R 5 APl
1 R
1.1 4R

HepG2 2 f T [5 L Y 55 FE M R 0o
1.2 A

AST IV (i &4 $0=>98.05%, L5 MUST-
14102910, Jl# 2 Wik =R A R A D ; DMEM
BrFRdE. BERAR. FREMIIE (FBS). BEEREEZE M
W HER-BER, £ Gibco AF]; HIEEILH
(EH Sigma AF]); JREZE (H5 A1005A, KiE
FEAEMF ARG IR AT ; 40 P85 S 2 A K57
& CRIEECEMEARGIRAF]D; iz bR
& (R RBAMZNARATD; ERERILA 51 R
[#t'5 H20052682, f1#j&EHImK (RKE) #2546 R
AT B RBERZEE 1B(PTPIB). 1% %3244 (IR)
Uk (Cell Signaling Technology A &) ); fifi & 2 5244
JEY) 1 (IRS-1) Pi4A . PTP #1457 FRJ, Santa Cruz
Biotechnology 2 # ; i M2 b 8 & & % &
(Tyr1158/Tyr1162/Tyr1163, p-IR). EE AL & &
ZARIEY) 1 (Tyr628, p-IRS-1) #7144, Sigma-Aldrich
Iy B-actin PLAA (Sigma AF]D; W=EHTHR i
PR —P1 (Merck Millipore A ] ); AL

ECL 3K 6idm & (B REVME ARG R
NGIDR
1.3 ¢z

CC2-170B-8 CO, #5724 (KW AR A IR A
A]); SW-CJ-1FD 5 TIES (FMEREZSHEAR
BIRATD; TDZ5-WS &R H mR# &.0hl (Kb
W B ONUAERA BR 2 7] D5 ELx800 H Shfighr{x (3
EA BRI RS IR AR, IXT73 {88 %6 Wi (H
A Olympus AF]D); HIKAC. FERREACHIBER G 5
4t (Bio-Rad AF]).

2 ik
2.1 ASTIV 7517 EMFH &

AST IV 58 &R = Rl 80 pg/mL J5k, 4
0.22 pum FLIEMEIERL, B 4 CUKFRA A . 52
5 IF FH 56 A1 TR AR R 28 T 75 o R FE IR R R VR
2.2 ‘ApEEESE

HepG2 4Hfi 4 10% FBS. 100 U/mL 52 %Al
100 mg/mL & XM DMEM Rioeikiss, ME T
37 C. 5% CO BEFRfa R 7R, ARImAH AL KR,
FRYH R A N 80% AT, FH 0.25% i 25 (A B
TSR IFAEAR, BN HAE KR40 T 5258
2.3 CCK-8 SEIGHM AST IV Xt HepG2 ZRAESE M
ZppA

BAKRSRE, BEEEA 90%H) HepG2 4
i, BeFhT 96 LA, BEFL 1 X104 A4, T 37 C.
5% CO, B4 7558 4, F4 10% FBS ) DMEM 1 3:7)
B9t 4 he FRAUMONGEEfS, ¢ RREFRIE, IMATC I
ERIFR, KPR 240 FPMLIE, FRIEEFRR,
TN G 2555959 100 pL (AST IV FREIRE S 5N
80. 40. 20. 10. 5pg/mL), FNEEARESHY. &
FRFR R4 X R ZH, 1024 he 24 h Ja 3L Rks
TR, N 10% CCK-8 HE5F7 100 pL, HE = H
HORNELM, K& 10% CCK-8 HIREFEMD, £ 37 C.
5% CO 57T E 1 h G, FHEEAROUSIIILAE 450
nm ARG (4D {H. RIRRHIE 3 ML, =
526 K. WA A (E TR A AR S .

AN PARSTIENE = (A 20— A 20)/(A wm—A 201)
2.4 HepG2 #HAERR S RIMMERHIZNEETE
X HFE = AU

SR SCHR TR, R iR BE e 5 5 1) 4%
HepG2 i g B FHCPTBLRY, BUAEKIRAS R4 poxt
K HA HepG2 A MPHE T 96 fLEH, Rl 2X
105 N, T 37 C. 5% CO a7 20
BE ., RRAHMONGBE J5 , 7023 5 IR, NS 1 pmol/L
JiR B 2 O RE 7E S 15 9F 24 h, H4% HepG2 41 fi%
By s P A . AR S, BT IEZH . R
AST TV 70 41 A0 BH P 2 4 30 IR L 4% %) B+ FU 2
(PLOG), &= H4l. ASTIV T3 HIIMAE
80. 40. 20. 10. 5 ug/mL ASTIV [{E57#1, Ptk
5T IR 50 pmol/L 5 BRI ¥ 41 B ) 15 7%
o T 24 h J5, BN 100 nmol/L JiE 5 3 1
7% 30 min, TPEE RGNS AL i, H T HiE b
R . 2HH A PBS Bt 3 X JE IS 10% CCKS 577
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W FFIH 37 CL 5% COL G 7746 A 1 h, % “2.3”
TG 75 VA DN 240 P AR T 1

K FH A 4 5 AL B - E LA (GOD-POD)
R L IS R AR RS, IR A A
R H 6 26 M U AN VB o 7 i PR ) 2 )
GEULEAS, HU 10 pL FEAR I AT HE 7T 1 mL,
TRZIFE 37 C/KHE 10 min. FEEARHER (10 uL Bk
BOF MR &R 1 mL) A2 A% (10 uL 848K
FINFEEHEAF 1 mL) JBE))E 37 ‘C/K¥ 10 min.
PSR FE 2648 1.0 em PLEAR, B/ 0e v
JEPA 505 nm A& EHIBOCE (4) {H. SEiREeH
H3INEA, EHE3 K

HHFE S B =5.5X4 ra/A nns

AR R = R P R AT R S 2 — R SO
A

PR 260 R X Y P = T 0 VP A v 1
2.5 ETHYARBEE NS TXTERN AST
IV XERBRRME ST

¥ AST IV 52 MRS HE bR A 25 38
R ELVLHD, A% ILELPE 2 1 (R ) e T R 1Y
YEFI#EFR, Discovery Studio ff) ligand Profiler fH1R
AJ DL A S22 AN 53R 22 245 30 TS AL g s T
BeFF 347 ICBCHT 707« K H Discovery Studio 2.5
A ligand Profiler BB AT 245 8 AR AR 2, /)N
¥ N AST IV, ZHUKE: %% HypoDB ##i
A2 3 ], R AR (conformation generation)
“A Best; Fitting Method K rigid, Maximum omitted
features IS HUN—1, HADSEI NERNE. @id 24
A R AT R TR L, SR Sybyl 2.0 %%
{5 AST IV S5EEFRE H3HT 70 A, 7 H 4G
G KRR E AN ARSI AT INE. I
M MRS, DLEERR SR E R ECAR 9 i 17 AT
oty SRR HEXT R (surflex-dock), N1
MRHCH 20, HALSEII NERINE .
2.6 Western blotting j£#9] PTP1B. IR. p-IR.
IRS-1. p-IRS-1 EHFRIE

SEEG IR AU, AST IV T HilZH (80,
40. 20 pug/mL) Al PTPIB ##i7) FRT T4l (8
pmol/L) o HUAEKMRA RIFHILHM, 1+ 40 s,
BeRh T 6 FLAR N, BEFL 2X 105 AN, IR K5
Ja GRS Ziab B, & B3, F A PBS ¥k 1K,
A3 L0 5 T D ) ) Rl R IR D ) ) ) 2R
50 uL, VK 2% 30 min, 1hHZAARL AR RFE IR

1, (eitanuzdfg. %5, 4 "C. 12000 t/min 2.0
10 min, BUHEAHLALEAR FIEK, BCA HEE
BEEGHE U IHMT RO E, SflhEabrEihs
Ja, WHEEREFFHATICE . I ARG T
FKIEINF 10 min, PAFE/MARMEERE. LRk, FIR.
HH. BES PTPIB (1:1000). IR (1:1 000,
p-IR (1:1000). IRS-1 (1:1000). p-IRS-1 (1:
1000) A1 B-actin (1 :5000) —HiT 4 CHEILR,
F TBST Zemdeliifs, IA=Pt (12100000 J-=
IR¥ER LW E 60 min. ECL 2 #)%, F Quantity One
IRFES iR AT PG B o dlr, THELER AR 30k
o WIOAHRE 3 NI, EE 3R
27 ZItFEST

S SPSS 22.0 # AT Givt o0, P #dE
PAX 5 K. ZHMBERH SRR E T Z 0 W
P LG T 2255 I R F B/ N 3 2 5 e s T
AT K F Dunnett-¢ #4556 o 5 AR IEZR A, W)
K FH AR R o
3 &R
3.1 AST IV X HepG2 4HBE5E M AV

wE 1 R, SRS, 804 40, 20, 10.
5 ng/mL AST IV XF HepG2 2 a3 4 76 B 2 520 . 5t
HATE T IR E N, AST IV C4ifa#1%.

1207

100 7

80 7

60

40

YA %

20

0 T
X R 5 10 20 40 80

AST IV/(ug'mL™")

El 1 ASTIV X HepG2 HREMRISNN (X £5,n=16)
Fig. 1 Effect of AST IV on cell viability of HepG2 cells
(X £s,n=06)

3.2 ASTIVXR B HEMHTAY HepG2 LRAARY EIET HE
HIEERFN

Eix R b, B A S HepG2 4%
EFRHAE R D E K. MY, ASTIV10. 5
pg/mL X} HepG2 4] % A AE R JC ] 5200, AST
IV 80. 40. 20 pg/mL A ERERILKE F1ES 8 2 18 n
HepG2 UM #FHAER (P<<0.05. 0.01, ¥ 2).
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£

wk

0.6
#

0.4

AR I AR R %

0.2 4

W BOW s 10 20 40 80 TSI

AST IV/(ug'mL™")

xR #P<0.01; SHBAINE: "P<0.05 “P<0.01,
4 I
#P < 0.01 vs control group; "P < 0.05 *P < 0.01 vs model group,
same as Fig. 4
2 AST IV %f HepG2 ‘AREEIEHEHFAERIFN (X L5,
n=3)
Fig. 2 Effect of AST IV on glucose consumption in HepG2
cells (X £s,n=3)

33 ETHHEAFD FIIEN ASTIV KERB R
WInEE = i

WS HAF R BIIC I AN T XHEE S R 1,
E TR L p b 55 10 5 RACPU R VA G £ 22
PTPIB [, #t—Br P ot kB, AST
IV 5 PTP1B EHHMFEMERH A, M
R 5E LR Tyrd6. Lys120. Aspl81. Ser216.
Gly220 1 Arg221 22 A AR, 5t
IR IS Tyrd6. Lys120 HEMEH, Fot
W Er) O M -OH HEER Argd7 AEGIEH, A
SR A Az 4500 L scAa e , P Ee4h RULET AST IV
5 PTPIB S H R heE & (B 3).
3.4 AST IV 3RS RHEINA HepG2 4HAE PTP1B
ERAFRIEWEN

xR A, BAYAAN PTPIB & AR /K
BETE. SHERIALE, AST IV 80. 40 pg/mL K

®1 HYELER S FIHETES

Table 1 Pharmacophore matching and docking scores

FFs HREAR Y E4=E3 R4 iR ILACAS 5y ST RS
1 1c87-opa-2.10-d-1 PTPIB PTPNI1 0.5503 6.93
2 1d9i-chnhmmsml-2.30-h-1 thrombin F2 0.4813 6.59
3 Inf7-myd-2.60-d-1 IMPDH IMPDH12 0.330 1 2.13
4 2v0m-kIn-3.80-x-2 CYP 3A4 CYP3A4 0.3290 7.99
5 2c6e-hpm-2.10-h-1 aurora-A AURKA 0.285 4 1.31
6 1vyz-n5b-2.21-d-1 CDK2 CDK2 0.2829 2.74
7 1o3p-655-1.81-d-1 uPA PLAU 0.1130 5.70
8 lyhs-sto-2.15-h-1 Pim-1 PIM1 0.061 5 3.08
9 1d5l-cyn-1.90-x-1 myeloperoxidase MPO 0.0314 3.28

10 1db1-vdx-1.80-h-1 VDR VDR 0.003 1 -3.89
11 1r90-flp-2.00-x-2 CYP2C9 CYP2C9 0.000 1 0.86
12 1u59-sto-2.30-h-1 zap 70 ZAP70 0.000 1 3.87

,\—/\ =

LYS-120 188 -

\ ’\’\ v
/ / ’/;’IUA / £
/ ‘\{

3 ASTIV # PTP1B EEHEERAER
Fig.3 Interactions between AST IV and PTP1B

FRJ fig i ZF#{L PTP1B Sr R IAE(P<0.01, K 4).
3.5 AST IV SRS EIRITAY HepG2 4B p-IR F1
p-IRS-1 ERFRIAHIF M

xR b, BAHANAE p-IR/IR A p-IRS-1/
IRS-1 i 2 Mk SHERIZ LA, AST IV 80. 40 pg/mL
J% FRJ (e 2534 1 p-IR/IR A p-IRS-1/ IRS-1(P<<0.05+
0.01). SxE4b4:, AST IV 80 pg/mL ZH4HjE
p-IR/IR Al p-IRS-1/IRS-1 EZE T+ (P<0.01, K 5),
4 g

HepG2 4 A /2 RSNt 78 I i 22 KT A AL 1)
HIBERE 234 N LHI A BEAR AN AR AR, T s iR P Y
JiE 5 R SR OT HepG2 40 i 5 RIRPUAE AL )
WHNEP12, KRG RER, mKRERDES
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iiid
i o
ﬁ 0.4
=
PTPIB = -
I sk sk
B 02 4
=
pacin D GnED GNP WP GmP S £
e o

PO i 20 40 80  FRIJ
AST IV/(ug'mL™)

T T
YRR OBIR 20 40 80  FRJ
AST IV/(ug'mL™")

4 AST IV xf HepG2 4Hff5 PTP1B EHFIAKFHEM (X +s,n=3)
Fig. 4 Effect of AST IV on protein level of PTP1B in HepG2 cells (X s, n=3)

p-IR ?""'"’ﬂ.?

IR

| ~— —
PONIGR it 20 40 80  FRJ
AST IV/(ugrmL™1)
15 -
1.2 4
v 094
2
& 0.6
0.3
0 -1

WPEE OB 20 40 80  FRIJ
AST IV/(ug-mL™")
S%HEZ LR *P<<0.05  #P<<0.01;

e

p-IRS-1
RS-1 - Gy Sy T - T
AN CR - Eit 20 40 80  FRJ

AST IV/(pgmL™")

**##

0.6 o

p-IRS-1/IRS-1

03 4

MR EER 20 40 80  FRJ
AST IV/(ug'mL™")

SROMALE: *P<0.05 *P<<0.01, Kl 4F

#P<0.05 *P<0.01 vs control group; P <0.05 P <0.01 vs model group, same as Fig. 4

5 ASTIV Xf HepG2 A7 p-IR F1 p-IRS-1 ERFRIAWEN (X £5,n=3)
Fig. 5 Effect of AST IV on protein levels of p-IR and p-IRS-1 in HepG2 cells (X s, n=3)

S HepG2 A i # i HFE B B K, X 50FH
(R FE 45 SR — 10, RBHIERE AL . T AST IV Al
ERTR I A1 B 1) T B e S 25 1N HepG2 41 a6
HPEEAER, H AST IV FIE: FRIH M 51 B 25 S A
L OB AST IV R ER 2 Atk A% %) i G 76 5
NG B K P 3 7 2 B ) T AR AN R, s
By g prla-s 73140, R 45 AR AST IV ek
IR I 5 R S HepG2 M 5 R

BT 28 A5 o e B R i 2
BB ERVLHIE R A ATF-B, R 2t A
PRt T BBy IS8, AR T2 R 50 16t
B2 (1) R FOL 0 346 45 R SR 5 R I AR B V) AH S
PTP1B A & & 25 8 B VLB 2 T 5 8P4, - H

S TXHE R PTPIB 5 AST IV ReiiF st &, 24
RS 5y 0 82 (0 R U0 i 45 R4 7R PTPIB M
AST IV TR0 & 3 R H 098 78 B 228 A

PTPIB A2 fif 5 215 5 10 i v 1 DG 1) 47 Y
FH, PTPIB JEiEx} IR A1 IRS-1 34T BEBEER L
o7 0 1) P 5% 23 % () 17181, PTPAB 1177 i
0] PTP1B Wi 15 5 2% 10 2% o435 Jik B 22 Rl o-200,
AR TR, I =AU HepG2 412 PTP1B
KFERET R, XSRS 5010, K
PTP1B /13 1 =ik 53155 HepG2 4 fi i) g
B AP, 1M AST IV AT PTP1B i 71 i Tl Ae
FFHE PTPIB /KF, #2785 AST IV BEHMHI R 5 Z 4K
P HepG2 4liffi+ PTP1B.
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PTPIB 1E ik 5 2588 % vh i o B i & 25 5

% T () S4B IR P RS- 1 R R A 1 2 442 47 3
YEFH, IR Fl IRS-1 BEFRILFEEE N B RIS
I PR R RS (AR AER 22, ARG SRR, RS
F 310 HepG2 4 IR F1 IRS-1 RAER AL /KB ik e
fi%, 1M AST IV A1 PTP1B #il7)FHij5, IR Al IRS-1
BRI K B E S, AW RIE, #0f PTP1B
AT ARSI 2RI B UG R 5 A0, AR
Fide n AST IV REAIHI g 5 FHLHTH HepG2 41 rh
PTPIB, WU&HEES G @M.

ZR EPTE, AST IV RECK T = IR BER 2 < V5 3 1Y)

HepG2 #Hfu ik & &P, HALH 53] PTPIB %
TR 5 2 A5 S Il AT K
SE
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