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Abstract: Objective To explore the potential mechanism of isoquercetin in treating insulin resistance based on network
pharmacology and molecular docking, and verify the mechanism by cell experiment. Methods PubChem, PharmMapper, GEO, CTD,
GeneCards, OMIM were used to screen the active components of isoquercetin and to predict the target. Cytoscape software was used
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to construct a protein interaction (PPI) network for potential targets of isoquercitrin in the treatment of insulin resistance, and the core
targets were screened according to the degree value. GO and KEGG enrichment analysis were used to find biological pathways related
to target proteins. AutoDock Tools software was used to simulate molecular docking and predict the binding degree of isoquercetin
and key targets. HepG2 cells were transfected with PTP1B plasmid by isoquercitrin in vitro, and the activity of PTP1B after different
concentrations of isoquercitrin was detected. HepG2 insulin-resistant cells were transfected with PTP1B plasmid, and treated with 40
umol/L isoquercitrin. The expression of PTP1B and other related factors was detected by glucose oxidase, qRT-PCR, and Western
Blotting. Results Network pharmacological screening obtained 21 intersection targets of isoquercitrin to improve insulin resistance,
enriched into 2 761 GO items, mainly involved in the insulin receptor signaling pathway and the regulation of glycogen biosynthesis
process, and enriched into 89 KEGG pathways. It involves insulin signaling pathway, insulin resistance, PI13K-Akt signaling pathway,
AMPK signaling pathway and so on. The results of molecular docking showed that the key active components of isoquercetin had
certain binding activity to the targets PTP1B, PDPK1, INSR, GSK3p, and AKT2. The results of in vitro experiments showed that
isoquercetin could effectively inhibit the activity of PTP1B, reduce the expression of PTP1B and GSK3, increase the expression of
IRS-1, GLUT-1 and other factors in HepG2 insulin resistance cells with PTP1B overexpression, and improve the insulin resistance of
cells. And isoquercetin may improve insulin resistance by inhibiting the activity of PI3K/Akt signaling pathway factors regulated by
PTP1B.
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Table 1 Sequence list of insulin signaling pathway gene primers

EIEZEN M54 AREIEY K /bp
PTP1B 5’-AGCCAGTGACTTCCCATGTAG-3’ 5’-TGTTGAGCATGACGACACCC-3’ 257
B-actin 5’-TCCATCATGAAGTGTGACG-3’ 5’-GTACTTGCGCTCAGGAGGA-3’ 171
GLUT-1 5’-CGGGCCAAGAGTGTGCTAAA-3’ 5’-TGACGATACCGGAGCCAATG-3’ 283
IRS-1 5’-GGAAGAGACTGGCACTGAGG-3’ 5’-CTGACGGGGACAACTCATCT-3’ 199
IRS-2 5’-GGCTTCCAGAATGGTCTCAA-3’ 5’-AAGTCAATGCTGGCGTAGGT-3’ 239
GSK3p 5’-AACTGCCCGACTAACACCAC-3’ 5’-TGCAGAAGCAGCATTATTGG-3’ 169
PI3K 5’-TAACGATCAGCCTTCGCTCC-3’ 5’-AGGTTCTGTGGGATGCCTTG-3’ 157
AKT 5’-CAGTTTGTTCTCCGGGTGTG-3’ 5’-CTGACAGAGTGAGGGGACAC-3’ 140
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Fig. 6 Bubble diagram of GO function analysis
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Table 3 Molecular docking of isoquercetin with core targets

HER AR 55 i 5 1 45 A fel (keal-mol ™)
PTP1B —6.6
PDPK1 -7.8
INSR -7.5
GSK3p -8.0
AKT2 -9.0

XA TP<0.01; 5T 20 pmol L L
#P<0.01; 554 B EF 40 pmol L L ELHR: “4P<0.01; 55
Hit 7 80 pmol- L 4 LL#R: 44P<<0.01

*P < 0.01 vs control group; #P < 0.01 vs isoquercetin 20 pmol-L™*
group; ““P < 0.01 vs isoquercetin 40 pmol-L % group; ““P < 0.01
vs isoquercetin 80 pmol-L™* group

10 SRR Ext PTPIB SEMAHIH] ( x+s, n=9)
Fig. 10 Inhibition of isoquercetin on PTP1B protein activity
(x*s5,n=9)

HepG2 4 M 4735 S AR, AR ik &, H
NARAE SESGIRI AT, 548 A rp (R VR (40
umol/L) HEAT 5 £:555 .

3.2.2 PTP1B i HIAFURIBEIT s HepG2 4liffll  4n
11 o, SR S ehmin o 5 YR AT IRAIE,,
HE LS R OR TG N R D 2, R
PTP1B it 1A i ki 4% Y s I o kAT LLER B, PTP1B
o e ik R I A U HepG2 4 A 724 7 37 % o)

3.2.3 S X PTPIB 44 HepG2 4l 5%
M Wl 12 Fros, SxPREZE LR, PTP1B 4% 44
(1] PTP1B ik &I T = (P<<0.01); 5 PTP1B #%
P LA, ANFMREE St 4 PTPLB KA &
YW T (P<<0.05. 0.01). B S 2 1wt %
15 PTP1B HepG2 4 ffiH ) PTP1B A #IhifEH
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Fig. 12 Expression of PTP1B protein in transfected cells
(X*s5,n=3)

3.2.4 S R R A BRI R s Al 13
Fiw, SAHBALELE:, PTPIB #5yed. J & IR
ZH ) ) A B B B . T B (P<<0.01), 156 HH HepG2
Ji 5 AT AN B A R T . S5 R S AL L
B, RS FRICPI-HPTPLB % Y4 2 PR I = I B
B (P<<0.01), g & 2Pt +40 pmol/L S #t 57
T R RIHT+HPTPIB #4440 umol/L Sl
FAFH B T (P<<0.05. 0.01); 58 EIKyT+
PTP1B 4% JLZHAHLL, JHR & Z ARSI+ 40 pmol/L i
AP RS RIPI+HPTPIB #4440 umol/L &
Wit R A 4L AT PR E B s T (P<<0.0D).
B PTP1B ixh 3214 AT {5 40 fg Xt 7] 7 A S i/ i

AXHHE B-##FR C-PTPIB ##: D-REHIMIL E-BHE
FIRPL T HR F-BER RIST+HPTPIB 4 4 G-BRE
HEHT+40 pmol/L M TF  H-BE S KAKFI+PTPLB 444 +40
pmol/L 5 it j7 #
xR "P<001; 5L RIGIALE: P<005 #P<

001; S8 EHI+PTPIB et “*P<001

B-empty plasmid C-PTP1B transfected

E-insulin resistance + empty plasmid

A-control D-insulin

resistance F-insulin

resistance + PTP1B transfected G-insulin resistance + 40 umol

Lt isoquercetin  H-insulin resistance + PTP1B transfected + 40

umol L™t isoquercetin

*P < 0.01 vs control group; P < 0.05 P < 0.01 vs insulin
resistance group; ““P < 0.01 vs insulin resistance + PTP1B
transfected group

13 PTP1B ERiX5BH RN HepG2 HIRIEEHE
BEEER ( x+s, n=9)
Fig. 13 Glucose uptake of PTP1B overexpressing and
insulin resistant HepG2 cells ( X +s,n =9 )

T8 I S M R T AT B R R R B AN+
PTP1B %% Yict 314 At 5| 62 1) i1 60 B B L B (1 s> o
3.25 qRT-PCR il 4tz £ x) PTPIB idkik 5
JiR & 2 HEPT HepG2 iUl G+ mRNA £k
14 o, SRS ZEMPUAMLLL, BB REI+
PTP1B #4344 PTP1B f) mRNA ik & I 2
(P<<0.01). 5RERIPT+PTPLB #L YL LR, B
5 MY +PTPIB %% 4% + 40 pmol/L 5 #if 57
PTP1B mRNA KA & EFK (P<0.05).

510 R FACPTAAR L, RS AT +PTPIB ¥
Bl d ) IRS-1. IRS-2. PI3K. AKT. GLUT-1 f)
MRNA FRiXBERAE, T GSK3B BRI (P<
0.05. 0.01); Mk & ZHHEHT+40 pmol/L S Bz 14
JiR & ZHPT+HPTPLB #544+40 pumol/L i 2 14
f IRS-1. IRS-2. PI3K. AKT. GLUT-1 i) mRNA
FISB RN, T GSK3B FIA BiE/D (P<0.05,
0.01). 5N EILIT+PTPIB YA, R E
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AKT GLUT-1 GSK3p
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~4p<0.01

A-control B-empty plasmid C-PTP1B transfected D-insulin resistance E-insulin resistance + empty plasmid F-insulin resistance + PTP1B
transfected  G-insulin resistance + 40 pmol L™ isoquercetin  H-insulin resistance + PTP1B transfected + 40 pmol L™ isoquercetin
*P<0.05 *P<0.01vs control group;*P <0.05 #P <0.01vs insulin resistance group; “P<0.05 ““P <0.01 vs insulin resistance + PTP1B transfected

group

14 &4AZHK PTP1B. IRS-1. IRS-2. PI3K. AKT. GLUT-1. GSK3p i mRNA #BxtFiLKFE ( X +s, n=9)
Fig. 14 Relative expression level of MRNA of PTP1B, IRS-1, IRS-2, PI3K, AKT, GLUT-1 and GSK3p in cells ( X=+s,n=9 )
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3.2.6 Western blotting A& -4t S % PTPIB id %
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4 g

o I 2 P 2 B T A0 R 2H SO0 TR I 2R

TR ARG, ATLAA X i 267 K MR HSORT R FH 26 B A S B0 L
PR UIE 22 W i 5y 2R SRR AR Y IR () A e, 1T
1 v R B 2 IURE Y AR DA 5 2 A A A2 2
wE, ZH5AERENERU T, AT
HepG2 4o AE ANSZE %t %, HepG2 4 o 2 —F iy
T ANRBI I IRRG IR A M ik, a5 4tk
AL, FIAZHEAR 175 5 HepG2 4 i A4) 422 1 Jik &% 2T
TEE TR B AR R FE AU A R A Ik I 2R IR I 1 A=
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22 FRIT R IR B I (AKD, 24 Akt B3 5 ]
A8 Ui R iR S BB -3 (GSK-3) ki . Bl A
il (GS) R EBEIRAIM Gk, &1 GLUT-1
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Fig. 15 Protein expression of PTP1B, p-IRS-1, p-PI13K, GLUT-1, p-GSK3g incells ( X #+s,n =9 )

IR AR, IR S, (R R
(AR, FNERE AR, AP B . 7RI
REREA, ATRE NI I ) A2 5 RS
A2, TR =T

ILERA W FRE, PTPIB 52 it
FHOR26271 Horb i B L) R A2 PTP1B A2 JR & &
ARG S A P BN B AU TR T, SR
JiR 5 R AP IR AT R 2 BORE PRI 8, [ N S A BT
FUoN, RN T, B PTPIB fEMIER
ik, A DUBH S DS T I 2R RS0, X Ui B PTP1B
A O SCE R B RICPTIR YT 2 BUNE IR 1R
R HONIEPR BI6TT 2 BOBE R HE A 1 K7 R AT 5
Ak .

ST B R — LA 2 Tl Ty Ak ) 2R
AR, G TR, SR A RE R
Sy AP/ R . B REE R Hh = R R
BOKF, IR s 2 BN B A0 JSRE RS, (it g
5 B AN A G S B [33-341 AT 7T e E TR A RT3
WAL b, A BRI, 4GSy
M A S A IR HE— 2D HE KT, S s FrrTd it PTP1B
W PIBKIAKE {55 18 i & Rl -3k oo Wl PR s ik
B EHPT.

ARE I K PPI RS, X A e HE VA T T
SR IRPUA R 3T T I dr, SRR
7, PTP1B. PDPK1. INSR. GSK3B 254 s i {E ¢

m, B g R BN, 5L 5558 PTPIB
BA RIS EENE, E— PRI T iy S
PTP1B MAHEAEH R R IR BN, BRI
RS RPN — MR E, K PTPLB, iy
IRS-1. IRS-2. PI3K Jik & 2188 i i 03 I B R AL e 8
PRI B RIS, 2 PTPIB 7R 40 EALAR /0 I
2w, M4:5# INSR. IRS-1 B E FR iR AL ik
WD, TR B 2R OB BRI, 5 R RO,
L GO. KEGG g/t A I 4 iz 1 ek
Jif 5 R KBTI P R O R R R R A T
mTOR. PI3K-Akt. FoxO. AMPK %5 Sifii%. £
T RoR, S RG S EES S R NE RS
T T B 200 R T E8T-381, A Y A Sk, R
g Fm ) S AN T, SR R AT RE, 4ERRIL
Pt RIIABIME 2 FObE bR ) 25 A RO,
T AR 2 A T 45 R, AR AT R
TR TR R A SAWE] PTPIB &1, JE 2R EE
FHAE . FAT PR AR D Re M S0 45 R R Sl
B EF AT N R B B A4 L S =T +-PTPLB #%
G 6 %0 BE TR, 1 BH S 1 PT  PTPIB i
Tk P gl RS R, @i gRT-PCR #
Western blotting 4 ik 5 5 5 0 g 15 3245 5 g
PR FRIARIREm, R ER: Sl LR
PI3K. Akt %[ FHIFKIE, T PTP1B KL, 4
b 52 56 435 B30k — 25 56 I X 4% 24 B 4 T 24 0 4



EIYBRE Y 20224118 AR & 5l A&

Drugs & Clinic

Vol. 37 No. 11 November 2022 « 2455

TR S S, SBIAWIT “PTPIB Bl %
1K 5y BRI By A7 MAF A1, U B A R T
I PTPLB Bk i oot Bl R o & 2 HKHT, 1X
SEAE E PN AT TSR T R I, R R S5
BRI R SRt 1 245 B 2200 IE

25 LFTIR, AHIF U X 4% 24 B 22 PR A
T o J 5 R KBTI B A S SR AR ) 2 T
[FJ R AN TG PERR AT - BORHE AT - A mes”
57~ e R B VAT I S AU E LB d A
## PTP1B i R IAHE Y HepG2 i 5 R ALHT A A AL,
YT 40 pmol/L [t HFREAT T-7, ¥l PTPLB
J PIBK/AKt 15518 F& 11 mRNA, EHE
15, EE] PTP1B i 31k 5 75 Ak Bl 8 g & 2= Kt
St T PTPIB BAA R AFHIHIE A, B Rk
15 5 R AP (B A X PTPLB I 43 FHL
HIEH R T DR T, DUHBE NI RTT R H
BA L AR BTHIRIRBENE 25 96 7 BE R I
By AP, LEGEWE PRI RORE IR A2 R R AR AR 3T I
HI I

FBEFR HAGEAFARALEF N R

SE R

[1] Cho N H, Shaw J E, Karuranga S, et al. IDF Diabetes
Atlas: Global estimates of diabetes prevalence for 2017
and projections for 2045 [J]. Diabetes Res Clin Pract,
2018, 138: 271-281.

[21 HEEASRERRE . PE 2 B RE NG TR
(2020 4FAR) [J]. H4EHE PRIF A+, 2021, 13(4): 315-409.

[81 XU, EWHE, EPAR. B ZHCHUI R LT Ak
& [J]. tHFAAEEZ, 2021, 16(11): 1671-1674.

[4] LiD, Zhang S, Yang C, et al. A novel PTP1B inhibitor-
phosphate of polymannuronic acid ameliorates insulin
resistance by regulating IRS-1/Akt signaling [J]. Int J Mol
Sci, 2021, 22(23): 12693.

[5] J&er M, Hubert A, Gogiraju R, et al.
knockdown of endothelial protein tyrosine phosphatase-

Inducible

1B promotes neointima formation in obese mice by
enhancing endothelial senescence [J]. Antioxid Redox
Signal, 2019, 30(7): 927-944.

[6] Jayachandran M, Zhang T, Ganesan K, et al. Isoquercetin
ameliorates hyperglycemia and regulates key enzymes of
glucose metabolism via insulin signaling pathway in
streptozotocin-induced diabetic rats [J]. Eur J Pharmacol,
2018, 829: 112-120.

[71 xR, 245, HEE, & S x2S s
RAW264.7 4074 % 58 H 7 IR E [J]. B2 SR,

(8]

[°]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

2017, 36(6): 601-605.

e, XIRIE, TEEELL, 55, St ECH X HepG2 4 it
f Raf/MEK/ERK {5 S BT HIEM [J]. =2
2£3@ R, 2017, 33(10): 1382-1387.

48, TRETEE, gk, S (B AHLEVPN AT )
fii [J]. W2, 2021, 52(14): 4119-4129.

EITTH. KT R AR OO RS F ARG F L X 2% 24
AT K SRR EE [D]. RJE: PEEEFRIRAE, 2020.
Mk, 2R, kK, & ETMKAI %S GEO
BRI AR SGE 2 AU RS (0 2 AL [3]. SR
RS2, 2021, 38(12) 1309-1318.

Barrett T, Wilhite S E, Ledoux P, et al. NCBI GEO:
Archive for functional genomics data sets-update [J].
Nucleic Acids Res, 2013, 41(Database issue): D991-995.
TREEEE, BEM, ERI, & TS E AT T
A o B2y SO TR 5 AR BUIE AL [9]. 3
BE24 K224, 2021, 23(12): 190-195.

Luo J, Chai Y, Zhao M, et al. Hypoglycemic effects and
modulation of gut microbiota of diabetic mice by saponin
from Polygonatum sibiricum [J]. Food Funct, 2020, 11(5):
4327-4338.

ZAEN, B FET 2 T BEROR B B 5 S B S
el PR R IALAE ' T RE 453475 R 47 ML BIF 7T [9]. A e s,
2021, 52(3): 727-735.

PG, WO T PR EEERSrE T ] PTPLB X R
EFRMBUERIATFL [D]. K& ALY, 2021
A, W EER A X PTPLB i %1k HepG2 4 fuf &
FEESEBWIERBF D] [ M MR R RS,
2015.

Han X, Xu X, Wu Z, et al. Synchronous conjugation of i-
motif DNA and therapeutic SiRNA on the vertexes of
tetrahedral DNA nanocages for efficient gene silence [J].
Acta Pharm Sin B, 2021, 11(10): 3286-3296.

22k %E. miR-335 ) FTHL {2 & A0 K Rk IE T2
BN AN [D]. M TN B2 K%, 2021
TOREZL, XIRIE, KRBV, 55 RETE AN HepG2 fi#
B ZIRPIE PISK/IAKTL/GLUTA {5 5 B i 2 4
H [J]. SEHEEE447E, 2016, 32(24): 3994-3998.
AAENR, BRI, WMSFY. 2 BUNE PRI B = ARBURT AL
R[] T EA RN, 2021, 23(12): 94-97.
Roden M, Shulman G I. The integrative biology of type 2
diabetes [J]. Nature, 2019, 576(7785): 51-60.

Hassan S, Peluso J, Chalhoub S, et al. Quercetin
potentializes  the
gemcitabine or doxorubicin on 3D culture of AsPC-1 or
HepG2 cells, through the inhibition of HIF-10, and MDR1
[J]. PLoS One, 2020, 15(10): e0240676.

B, (B B RIRPU S RS R A5 5 @B 2 Wi o

respective cytotoxic activity of



* 2456

HWITHE 1LY 202811 H

AR b A

Drugs & Clinic Vol. 37 No. 11 November 2022

[25]

[26]

[27]

(28]

[29]

(30]

[31]

[32]

HE (3] BREEZE T4, 2020, 36(21): 3463-3466.
Zhao J, Wang M, Deng W, et al. ADP-ribosylation factor-
like GTPase 15 enhances insulin-induced AKT
phosphorylation in the IR/IRSI/AKT pathway by
interacting with ASAP2 and regulating PDPK1 activity [J].
Biochem Biophys Res Commun, 2017, 486(4): 865-871.
KAk, AR, AR R AE ARV T T A PTP1B
R [J]. BB, 2006(5): 462-466.
KA. LA PTPLB JHE M BERE 2590k [D]. K
AR, 2014,

AT, RE, BKBHEY, & REBRE TSI
T PTP1B B HAMEIFIBT FEHIEfE [, o A PR 2%
&, 2006(3): 235-236.

Lori G, Cecchi L, Mulinacci N, et al. Honey extracts
inhibit PTP1B, upregulate insulin receptor expression, and
enhance glucose uptake in human HepG2 cells [J]. Biomed
Pharmacother, 2019, 113: 108752.

Teimouri M, Hosseini H, Arabsadeghabadi Z, et al. The role
of protein tyrosine phosphatase 1B (PTP1B) in the
pathogenesis of type 2 diabetes mellitus and its
complications [J]. J Physiol Biochem, 2022, 78(2): 307-322.
Rha C S, Choi J M, Jung Y S et al. High-efficiency
enzymatic production of a-isoquercitrin glucosides by
amylosucrase from Deinococcus geothermalis [J]. Enzyme
Microb Technol, 2019, 120: 84-90.

BN, TmARME, G, SE. e R A TR Ak
& [ RIRF=Wt 5 58K, 2020, 32(4): 708-717.

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40] #

Zhang R, Yao Y, Wang Y, et al. Antidiabetic activity of
isoquercetin in diabetic KK-Ay mice [J]. Nutr Metab,
2011, 8: 85.

Jayachandran M, Wu Z, Ganesan K, et al. Isoquercetin
upregulates antioxidant genes, suppresses inflammatory
cytokines and regulates AMPK pathway in streptozotocin-
induced diabetic rats [J]. Chem Biol Interact, 2019, 303:
62-69.

Roden M, Shulman G I. The integrative biology of type 2
diabetes [J]. Nature, 2019, 576(7785): 51-60.
Dearmond P D, Xu Y, Strickland E C,
Thermodynamic analysis of protein-ligand interactions in
complex biological mixtures using a shotgun proteomics
approach [J]. J Proteome Res, 2011, 10(11): 4948-4958.
WikaTs, LG5, mikk MSTN XA i B 8% AL
FAG T I IR 2 BURE R /D BB B AR [,
s 3 AR 3 2k K, 2021, 37(11): 1957-1964.

Baczek J, Silkiewicz M, Wojszel Z B. Myostatin as a

et al.

biomarker of muscle wasting and other pathologies-state
of the art and knowledge gaps [J]. Nutrients, 2020, 12(8):
2401.

E W, xR, KT, Z R E TR %
PI3K/AKT/MTOR {5 5l BE 5 HE PRI GK oK Bk &
DiRe b MBS e 3 1 se i i 58 [ T ERE,
2020, 47(9): 173-176.

IVEAE. RIS O AEE 2 RUBE RV 3 113 FGR21

J PTPIB /K-F (540 [D]. 7A&KME: AR 2465, 2020.

[FERE &E]



