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Effects of total flavonoids of Bidens pilosa on insulin resistance in HepG2 cells

PANG Xiaojun"’, LU Linlin’, LI Dongwang"*, ZHAO Yiyu’, LIU Guoyong' (1. Dept. of Pharmacy, the Second
People’ s Hospital of Qinzhou, Guangxi Qinzhou 535000, China; 2. College of Pharmacy, Guangxi Medical
University, Nanning 530021, China; 3. Dept. of Rehabilitation, the Second People’ s Hospital of Qinzhou,
Guangxi Qinzhou 535000, China; 4. Dept. of Radiology, the Second People’s Hospital of Qinzhou, Guangxi
Qinzhou 535000, China)

ABSTRACT OBJECTIVE To explore the effects of total flavonoids of Bidens polisa L. (TFB) on insulin resistance (IR) of
HepG2 cells. METHODS B. polisa L. was refluxed and extracted with 80% ethanol to obtain TFB. Palmitic acid was used to
induce IR mode of HepG2 cells in vitro. The effects of low-concentration, medium-concentration and high-concentration (20, 40,
80 mg/L) of TFB on the consumption of glucose were investigated. Using metformin as positive control, the effects of
low-concentration, medium-concentration and high-concentration (20, 40, 80 mg/L) of TFB on the protein expression of insulin
receptor substrate-1 (IRS-1), c¢-Jun N-terminal kinase (JNK) and protein kinase C (PKC) were investigated. Molecular docking
technology was used to explore the interaction between eight main active components of TFB such as quercetin, quercitrin and
IRS-1, JNK and PKC proteins. RESULTS The glucose consumption of TFB low-concentration, medium-concentration and
high-concentration groups were increased significantly (P<<0.05 or P<<0.01). Compared with normal group, the expression of
IRS-1 and JNK protein in the model group decreased significantly, and the expression of PKC protein increased significantly (P<
0.01). Compared with model group, the protein expression of IRS-1 and JNK could up-regulated while the protein expression of
PKC down-regulated in TFB low-concentration, medium-concentration and high-concentration groups and metformin positive
control group (P<<0.05 or P<<0.01). The score of molecular docking energy between maritimetin in TFB and IRS-1 protein was
—17.9 kcal/mol (1 kcal=4.816 kJ). The scores of molecular docking energy of maritimetin, rutin and JNK protein were —9.3 kcal/mol.
The score of molecular docking energy between quercitrin and PKC protein was — 4.9 kcal/mol. Interactions between components
and proteins included forming hydrogen bonds, hydrophobic bonds and so on. CONCLUSIONS TFB can significantly improve IR
of HepG2 cells, the mechanism of which may be related to the regulation of protein expression of IRS, JNK and PKC.
Maritimetin, rutin and quercitrin may be potential active ingredients for improving IR.
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e PRI IR AV T2 SRR R 22— 4
FOB R IE S, 3T 5 ARk A LAY A IR s R b 24
VR AT 35 %0, Horp s 2R i A 1L, 2 5 =702
— o YAEF B REE T (total flavonoids of Bidens polisa L.,
PAUF AR “TFB” ) J& H i i AR 4. TFB HA
iR PUAAL BT YA SE Z R BE RS, A 0F5Eds
H, c-Jun Z i G (c-Jun N-terminal kinase , INK) {5 5
TR IR 1Y & AR K e v B R T, e A5
YITESEE IR J5 TEAA W R Ve, HaxX R VeI AT R 5
P INK (55l A OG0, BARC A GBS 1, TFB AT LA
T T PR T TR UL 3 e 22 24 R - 7 2 R AR 1 Ve 1/
] % Wi 4% 32 75 11 4 (phosphoinositide 3-kinase/serine-thre-
onine protein kinase 1/glucose transporter protein 4, PI3K/
AKTU/GLUTA) {5 5 1 s i e 3 [R5 2 i 2 D9l S Y
35k 3 HepG2 4 AY TR R ™, {H A5 & TFB Xf IR
Lo INKAHOGAR 538 B AR FH i 1 i — 2P O ER T . Wi,
AT 5 8L 52 ) HepG2 4 At IR A5 7Y 5 45 4 43 F X #2252
B, 4R TFB B35 IR B9 n] BEAE AL, i A 2l IR 1
FHREAETE Y25 P P AR
1 ##y
L1 FENEF

A5 BT ] = B4R SpectraMax Plus 384 7Y iff
PR (R TR A F] ), ZF-2 B = A Br L (1
TSR TR ), Odyssey LTINS LT BUR 2R
%t (22 [E LI-COR A 1) ) , PowerPac Basic HL 7k R 4% (£ [H
Bio-Rad A ] ), 3111 I — S ALk (CO.) 4 15 774 (SE [
Thermo Fisher Scientific /A ] ) , SHA-CA 7 {8 jf 7K V5 54
CHN Z) RAER T 5 A FRA H] ) L 1334 BU TR R AR & (K
ARG B A PR A W) 55
1.2 FEHmME5RHA

AR 2GR (A5 20190604) I [ 4 M £ 2547 FR 3
PR A M A N RIBEBE R — SR AT 2 i 4
E IR BB Y AT RE B, polisa LAY K53

TR R (65 100080-201711, 41 =98% ) i
b R 24 oK E BIF S B s HPD-100 ALK % i
CRLEE 16~60 H , b5 20180424) I [ R AT EAL T
A BR 2 ) 5 BE A B2 (palmic acid, PA) XJ B & (it 5
P104234, 2% =99% ) W [ Bl 7 T 1200 (i) A R 2
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F] s DMEM f& Bl 85 752 56 i 4 il 3 (b5 23 00
20181112.20181121) ¥t { 3 [ Gibeo /A vl 5 £hfig —H
MUY A (520181114, BiLKE 0.5 g) WA [ S &35 4
2548 BRA A s Bl R £ 2% i (phosphate buffered saline,
PBS) .0.25% [ & 1 il - £, & U £, 1R (ethylenediamine
tetraacetic acid, EDTA) {HALIR . B2 = TR AR DY H 3%
B ML (methyl thiazolyl tetrazolium, MTT) , - H 3L
i (dimethyl sulfoxide, DMSO) , 10xTBST 2% i % (41t =
4% Bk 20181129, 20181212, 20181030, 20181025,
20181220.,20181201) ¥ { Lt R ERHELA R A H
BCA & e & 0 72 307 &5 . SDS-PAGE # Jie fict il 18 751
£ Western —Pi 5 BRI . Western — PLH Bk (HE-5 4351l
43 20181127,20181124 ,P0256 . P0258) 211 [ FifF 234 =
KAV ARA R w5 & 40 e ol & (it s
20180205) 1 7 - i % AR Wy 245 Ml ey A RS ) 5 i
INK B g BEHUIR A 58 5 28 32 R 1 (insulin recep-
tor substrate-1, IRS-1) 5. 57 B B {4 (Ht 5 43 51y 9252
2382) ¥4 [ 3% [ Cell Signaling Tchnology 23 ) ; Tl 7
1 % B C (protein kinase C, PKC) £ 7 [ i 1A (L 5
ab182126) 4 F ¥ [E Abcam 23wl 5 /) B IR - WL 3h &
(B-actin) BA 5T FEHLIA (L5 10021293) Iy [ I = 8 2
WIEARA B w5 U o 0 {k ) (horseradish peroxi-
dase, HRP) 5 ic A LU 2E- BT f o € BR 2B 11 G (immunoglo-
bulin G,1gG) — i (41t 5 BST16K26C16L54 ) It [ i 13 19
AR TR B ] AR B i, Kol 2
BFK.

1.3 4Hpakk

N HepG2 40 F Hh R B L 1 4 e A= 9
WEIERT .

2 Fik
2.1 TFBMHI&RAEENE

SRR A R EE RIS T I TR
IR R 2R L 10 5 5 119 80 % £ Tt fin 4 [l 37 4
B2 YK, BRR 2 h, A I EE IO B AR BOR AT 8 A kS8
ZJOREMR, INIE 2 AOK R R S gL 150
W, VEWZTFAL BT HPD-100 FAL I BRHF6 IS 1 [ 24 h
J& , Se LA 2 A AR R /K Bk 22 2% 5, 7 T 3 A5 AT AR Y
70% LA T DRI T WOAR VR , W 4 22 TC L IR, ¥
W85 BIAS TFB AL (B 1 kg RAT B 254415 TFB AL
54 g) , RSN LT 510 nm iz K AL A5 Hoal 5 N
52.72% (LA T31).

2.2 TFB#F1 PA Xt HepG2 £ 132 58 54 1 F 46 i)

B % H0 AR K4 B9 HepG2 41 ifd , #4 5% 10 4>/mL 42 Fif
F96 FLEEFEAR T, FAL 100 pL, 35 B 52U 2H W HRZH (28
FI2H . S804 i A W] 5T & Wk 32 1) TFB[5.10.20., 40,
80.160 mg/L, LA 10% JiG 4= I35 1 1 % 5 558 R IR G R
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()56 435 22 5L OF R FL b, R 228 Pse g 45 R s 8 ]
XF HEZH A 7% 0.5% DMSO 58 85 38 5, 25 AU A
AN AR 2 SE A B SR LI A B
100 pL, BAHEE6 MR L. T37 C.5%CO. &M 05
) 53524 him , BFLIA 5 mg/L A MTT AW 10 plL, 4k
2e3 R 2~4 h)m W3 B)ZW, LA DMSO 150 pL,
PR M2 10 min, FHEFR{UAE 570 nm A0 5E 25 FL IR
% ¥ (optical density, OD)H-1 AL AHMLAFIE K« 4H A
A7 % (% ) = (OD 54— OD 5114 )/(OD ygpzs — OD sy ) X
100% . RS BRI T R CHRAE

B 04 K 99 A9 HepG2 41 it , #6111 PA X HepG2 4
i B Y 52 W), PA VR B 3331 O 50,75, 100, 125,150,
175,200 pmol/L (PA5E 43537 5 MR, e BE 52 TS 6
SRR AR E 3 AL, /EHIIANE Ry 24 hF148 h,
Hop e SRR T
2.3 HepG2ZHAE IR EEIAYEE L

B B4 K 959 HepG2 41 , #4 1x10°4~/mL 4% /h
T 96 FLESFEM A, BEFL 100 L, 43 g %of BEZH RO RIZ
HIE 3N AL Ry BE f5 | X BT 58 4 ks 57
HE RV i A e i 19 1% PA 50, 75,100,125, 150,
175,200 umol/L 1) 58 445 37 5L (VR JE 225 WAL i 25 e ik
B R 24 hEi48 h 5, W3 JRA 55970k, PBS T VE 2 1K
J& 4 B IJC 21 DMEM B3 3R 0 159 24 h i, DA
Tt A ASCAGE N 5 % 6 9 VAR v 1 e 2 AR T O A
WIS FEL , EPRI I PA VR B FIAE FHISR] , LA ] PA 75
1 HepG2 4 i IRAREHY . 754 BRI G vhd BH 5 .
2.4 TFB3{ HepG2 4 IR B HEEHEE MMM
il

SEUGBEIE R4, BERIAL , TEBAIG R W 4
(20.40.80 mg/L , W fE % 2. 2" Wi M A5 IR E ) , Rl %
BEINEAL, HiFE24h BRIEFAN, KRS S
“2.37TF Fe L SE I %, 18 PA 153 HepG2 4l Jif 52 Tl
IRBEAY , ARSERESE 24 b, LABEA R SOR I 4 2 2 5
VAR A FE I o T e BT £ 10 B A
2.5 TFB X} HepG2 £H il IR #2 £ fh1 IRS-1, PKC ., JNK
ERRIEXMAK N

K FH Western blot 746, B0 158 1E % 20, BRI 2
TFB Ik . H v Jo 5 vk i 41 (20,40, 80 mg/L, ¥k & & 2%
“2.27I0 MR E) DU HBUIBHPE XS EZH (1 mmol/L,
WS SCIR[S)R B ) , A EE 3 NE L., HFE2dn
J&  BRIEH AL, AR A 2 082,37 W T fe s gi ik,
i FH PA 755 HepG2 i Jif 52 il IR BEAY . 4R 23555 24 h,
W, 3545 20 15 37 W, 40 i JF PBS T8 1% 19X, i A RIPA %4
fift W 150~250 pL, F oK F246# 20~30 min, ¥4 C T
L 12 000 r/min 50> 20 min, W HC 359, FI BCA 2
JEE W R S A T A A D o RS G A Y R
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5 ARG BRAATI L3 1R B 5 AR /K 7 5 min
fdiAR Pk B PERR 1100 pg, FAEF] 10% SDS-PAGE ¥
i b AT LUK, LUK S #4555 28 PVDF i, F TBST 2 #h il
4], 7E4 °CF 5 IRS-1 ,PKC JNK ., S-actin—#HT (Fi B¢ Lt
3424 111 000) 985 & 12 % , 1 TBST 28 Mol eI 3 1K,
T4 HRP pric 1Y 1gG —HT (R B LU 2 121 000) 36D
EE 1 h, FROOH TBST 22 0PiR BE R 5 , I Z04M 000
ii% 250 55, it Image T v1.8.0 345404, LA H AR
H 5 NS E A (B-actin) JK B 1Y LA R R HE 3k
ki,
2.6 SFXHELR

R P ¢ 4 46 U 1 BF 58 DL Sk TCMSP %k 4 12
(https: //temspw.com ) , i & it iz & (quercetin) 5z 1
(quercitrin) . 574 5 11 (isoquercitrin) | 4z ZZ Bk 1T (hypero-
side) \* T (rutin) AR FZE (luteolin) KT (okanin) |
V842 451 (maritimetin) 3£ 8 4~ TFB A9 3 85 M i 43,
] PubChem %% % J& (https: //pubchem.ncbi.nlm.nih.gov/)
T E IR RS =GRS5, FE T OpenBabel 2.4.1 514, 78
MMFF94 J135 N %451 74k . ARCSB Protein
Data Bank %Y 4§ J& (http://www.rcsb.org/) T % IRS-1
(PDB ID: 1K3A) .JNK(PDB ID: 3V6R) .,PKC(PDB ID:
2UZP) 3 1 dn A = ZE 454 , i F] AutoDockTools 1.5.6
BRPFHEA T AT eSS A -5 0 S, IR XS A A A HE TR
KA F IBINE R A SR AR B, DL PDBQT %
KAEAE . FIFH AutoDock Vina 1.1.2 43 F X251 14, i 4
LR B, 0 B IS PEAL A R A by, RS
VIR BN SR O #2456 e i i IR 2 T 00+
XFHEEE G b, SRR B3 0 0 R RE TR T T 40
L 240 %o (I 5, 2 BH 0T 42 45 ik ' 28 FL RS )™, 9F
fifi Fil Discovery Studio 2016 43 TR U8 i “ AT WAL T
"X I3 X HE A5 A A T T AL R s
2.7 FitFESHh

K SPSS 22.0 #RAF X B A T ge it o b o B
BHPAX + s 3R, 241 SR F T 2250, i — 20
AR LSD-1ka %0 . K5 557K ffEa=0.05,

3 H#R
3.1 TFBXf HepG2 4 Bt 78 i 221
5% BRH HA , 5~80 mg/L 14 TFB %} HepG2 41 ifl /1)

15 REA B & 7 (P>0.05) ,{H 160 mg/L (1) TFB 1]
5 AR AN B 4735 R (P<<0.05) , Q& 1 ik . R,
12120.,40 .80 mg/LF >} TEB HIE i i e kA )
SEpoE
3.2 PA Xt HepG2 4B AL TE A 240

5 BRZH e #, 45 50.75.100 pmol/L Y PA 15/ 24 h
J& , AR A AF G R TC I AR (P>0.05) 548 125,150,
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a: S5xF IR Heie, P<<0.01
El2 AREREPAX HepG2 APaTFE RIS (n=3)

3.3 PAXTHepG2 AR E B HEHEEM M

5% MR B4, 48 75~200 pmol/L Y PA /24 h
Jei o A %) 25 4 T FE o 2 2 R IR (P<<0.05 B P<
0.01) ;£ 50~200 pmol/L Y PAYF 11 48 h ) , 4H S A 6 2
B AL Y B ERR(P<<0.01), 25 R 1, 4553.27
TR 455, LA 75 pmol/L B PA EFH 24 hi55 HepG2 41 fits
AT IRBEAY
3.4 TFBXf HepG2 A IR BV E &4 i s 2 BN

SIER A, 28 PA RIS , A5 2 240 f 1) 4 2 M
THFER 2 PR (P<<0.05) , $ /R B a2l s SR 2 He
B, 8 N[ Jo R M E 1 TFB AL TR, 4% 26 200 i fi A 2 A
THAER I B E N (P<0.05 8 P<<0.01), i8] TFB i3
TIR. Z5HRIE3,
3.5 TFB Xt HepG2 £ fl IR % & 1 IRS-1, JNK . PKC
EARIEMZIG

SR A A, A A g IRS-1 INK & Y&
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*1 PAXIHepG2 M EEHMEEREN RN (X £,

n=3)

A1 PAKEE/(umol/L) 24 WATAIBEFE R/ (mmol/L) 48 WA FE R/ (mmol/L)
boisEd 4247101626 ST17103126
ui| 50 3544103115 4566104029

75 3310£0.503 2 457540549

100 3379406715 447510441 6°

125 3375101597 432010458 8°

150 3.147£0.5390° 3.884£0.561 1°

175 218340321 8° 388410376 1°

200

1771+0.389 1°

217140539 6"

a: SGXF IR g, P<<0.05;b: S5 XFHRAL R, P<<0.01

WA B/ (mmol/L)

§ BF &®F g5
: LS I = ¢
R

ER ER ER
a: GIEH AL AR, P<0.053b: AL HLAS , P<0.05;c. 514
He#, P<<0.01
3 ARERERE TFB X HepG2 AR IR R & 48
HEENHEM(n=3)

IR AR, PKC 88 1 1) 3Rk i I 3 & (P<
0.01) ; HALAYLE L5, TFBAIK L Hb | iy Jo f vk J3 4 fn — H
XU H A4 o) R 2H 41 i v TRS-1  INK 2 I Rk i 1
E T, PKC & [ 1) ik 2 1 B T (P<<0.05 5 P<
0.01), 45 R WL 4~& 5,

o]
e &
E!

46 kDa
INK 54 kDa
ﬂ_aCtin _ 12 kDa

o = By EE BE o F
EF B 2 52 22
= A s M =

=t Bl B %ﬁg

El4 A[ERKRERE TFB X HepG2 48 i IR #£ &) ch
IRS-1.JNK .PKC EAFXZMAIEIXE (n=3)

3.6 84 TFBEEFHM5 5 IRS-1,JNK.PKCEH
Mo FIHEER
Wil e 25 i E 1745 8 S TFB F 2Ly M i IVE R T
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a: GIEH AR, P<0.013b: S HTIL HLAE , P<0.01;5c: SRITIL
e, P<<0.05
5 AR JBRERE TFB X HepG2 48 il IR % &I th
IRS-1.JNK . PKC EBRZBIEM (n=3)

IRS-1 . INK PKC & [ P P4 &, HoW42 R A7, H
Iy TP ERE R AME IR 2 R . Horp, 5 IRS-1 B A
I3 R RE AT B4 X e = 0 o R g AR A (G
FXFRERE R T 0E M — 7.9 keal/mol, 1 kcal=4.186 kI ) ,
% 4y BE % 5 IRS-1 % 11 A9 SER979. ASNI1110,
MET1052, GLU1050 2 J& iR 5% 5L B i & 8 , 5
MET1112, ALA1001, VAL9I83 J& i 5% /K 5 , 5 TYRS.
ARG1109., ASP1056 %5 H A5 i i fe ) , W E K 5
MET1112 [AJ /7 fEm -5 E F (K1 6A) . 5 INK & 140+
X4 RE T T 43 40 KB fe /5 10 )53 S Vg AR A T R T
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(J3 T HERE R T 401 44 — 9.3 keal/mol) , Hi4E 3 T fE
i 55 INK 25 1119 ASP207 | LY S93 22 JL R ik 5L TE 1 & fet
5 ILE70, VAL196 . LEU206 , VAL78 JE i, i /K ## , 5
ASN152 ,ALA151 ASP150 %5 A7 Juflite Jy , HORIR Y
MET146 [A] f-7E i -n 5 AE H (B 6B) 5 7 T REA% 5 INK 2
1/ ASN194 \MET149 , ASN152 43 3 ik 5k KL il A
5 ILE70, CYS154 JE A% i /K £ , 5 LYS93., LEU206,
VAL78 %5 HL A Juflife J1 (B 6C) . 5 PKC # 41Xt
F2 BB AT 408 40 X e 5 1 843 Mk B 7 (93 X 42
AEEL¥T 40 — 4.9 keal/mol) , Z 41 HEWS 5 PKC 25 H
i) ALA291 . ASP292 \ THR155 4 KL 5k SL 08 i 2, 5
HIS154 JE it i /K 5 , 5 DSN-1,ALA293 , GLU156 % E.
AiurEse T (K6D).

*x2 8N TFBEEFEMM S5 IRS-1.JNK.PKCER

Ko FXHEE R
- P RHERERATAMA (keal /mol)
MOL%5 fRmtEs) o K e
MOL006437 B 257F (maritimetin) -79 -93 —48
MOL000415 T (ruin) =76 —93 —47
MOL000701 Wﬁﬁ(quercitrin) =16 -85 —49
MOL004368 LA (hyperoside) -4 -84 —48
MOL000437 St 1F (isoquercitrin) =12 —8.6 =47
MOL006436 BT (okanin) —6.7 -84 —46
MOL000006 REEEZ (luteolin) -69 -83 —42
MOL000098 11 & (quercetin) —68 -11 -4
4 g

IR AR P 1 g it , -5 NE R | g ML Lo
M58 T 8 ik ks #F B £k S5 AR08 1 506 1 & A= FL R SR
KW HMEAE R J 5 2V E ) B8R, S IR R AR
FEERAL, AEA SIS, DR 2R 1 ELAT S R D 1 R
552K, HepG2 41 M5 4 FH LA g oy IR BRI, 7
BRI S 1, Rl S 2R B CRRAB R ) Rl fef )
SRS AR B R ik, AW R PA I
3 HepG2 4l ifu 52 il IR A2, #E SC i af A& rp 2 1, 50,75
100 pmol/L 1) PA X 4 L8 5 £ A7 — 5 A4l £ T, (X
FPVEFITE 24 h INFFA BT s [R]F , PA AT 5 25 B AR A L 1)
HEHYRE R, KU PA 1S HepG2 4 i 7] i3 &2
il IR A

INK 2 22 28 i 0 B TGS L D, FE gt 5L 1A
A 3FIES, BN INK1 JNK2 FIJNK3"™ , INK & [ 5 %
(155> 1, 7E IRS F PI3K {5 518 ¢ b HoA &1 5 (4
FH . HL b i S HAR DG B P 1 A W e s v oA B
FRUA, SRR AR 220 T IRS (Y 22 2 BRI IR 1, , H:
A 45 INK T PRC™, INK 94 F AL 208 1 32 5
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