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[ Abstract]
acids (FFA) -induced hepatocyte steatosis. Methods

Objective To investigate the estrogen-like protective effect and mechanism of quercetin on free fatty
Cell viability was detected by CCK-8 assay, and lipid accumulation
in hepatocytes was observed by Oil Red O staining. Following administration of various estrogen intervention paradigms to
HepG2 cells, the optimal drug intervention was determined to be post-treatment. HepG2 cells were exposed to different
concentrations of estrogen and quercetin in a post-treatment manner to determine the optimal concentration of drug
intervention. Cells were randomly divided into four groups: Control, model (FFA), positive drug estrogen control (E2),
and quercetin (Que). Triglyceride (TG) levels were determined using the glycerol phosphate oxidase peroxidase ( GPO-
PAP) method. Reactive oxygen species (ROS) levels were detected using DCFH-DA. Protein contents of tumor necrosis
factor o ( TNF-at) were measured by enzyme-linked immunosorbent assay. Expression levels of peroxisome proliferator-
activated receptor 1y coactivator-la (PGC-1a) , peroxisome proliferator-activated receptor &« (PPARa) , carnitine palmitoyl
transferase law (CPTla), and acetyl-CoA carboxylase ( ACOX1) were measured by Real-time PCR. Results It was
determined that 1 wmol/L estrogen and 30 pwmol/L quercetin post-treatment of HepG2 cells was optimal for subsequent
experiments. Compared with the control group, numbers of red lipid droplets and TG contents were significantly increased
(P<0.001) ; expression levels of PGC-1a, PPARa, CPT1ax and ACOX1 mRNA were significantly decreased (P<0.05) ;
ROS levels were increased; and TNF-a protein levels were significantly increased ( P<0.01) in the FFA group. Compared
with the FFA group, both the estrogen and quercetin group displayed significantly reduced levels of red lipid droplets and
ROS. Moreover, both the estrogen group (P<0.05) and quercetin group ( P<0.05) exhibited significantly decreased TG
contents, and both the estrogen group (P<0.001) and quercetin group ( P<0.01) exhibited significantly upregulated
expression of PGC-la. In addition, both the estrogen group (P <0.001) and quercetin group (P<0.01) displayed
significantly decreased TNF-a protein contents and significantly upregulated expression levels of PPARa (P<0.01),
CPTla (P<0.001), and ACOX1 (P<0.001). There was no significant difference in the above indicators between the
quercetin group and estrogen group. Conclusions Quercetin exerts an estrogen-like effect by inducing expression of PGC-

la, activating fatty acid B oxidation, reducing oxidative stress, and inhibiting inflammatory response, ultimately improving

hepatic steatosis.
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TEE(MCE /A, HY-B0141) ; MR 44 ( S30245 ) Filfs
RERREN (S31807) , 41y | - i 5 - 2E W A1 PR Wl 5
JiG 2R I3E (AT R b A R R A A BR A ] L 11011
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1.3.2 45
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HH 1 mmol/L IRA FFA % (MR BEM R =2 -
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FFA) BEAAL3E (FFA+E2) FlJG A HE ( FFA/E2) i
FEYEeAE T I XN R BT, E2/FFA 100
nmol/L E2 Tkt ¥ 24 h+FFA T-7i 24 h; FFA+E2 :

100 nmol/L E2 Il FFA [A]A AL 24 h; FFA/E2.FFA
T 24 h +100 nmol/L M E G ALHE 24 h, (4) 4%
HPA 100 nmol/L .1 pmol/L F1 10 pwmol/L M & )5
A3 ( FFA/E2 100 nmol/L ., FFA/E2 1 umol/L #l
FFA/E2 10 wmol/L) DA & (10,20 F1 30) wmol/L #fi}
% 5 kb F ( FFA/QuelO, FFA/Que20 FI FFA/
Que30) #2590 Fe BT Pvk B . % LA b o 4L
TAK R AR F5 W 55 57 48 h JE Kl 45 46 bR, 16
A AL (TSRS MESR R M R TS5 ) 48 h
J& ,ROS Ff7 DCFH-DA %560 F 30 min JE R, H:
B R bR A R 1) 5L 50T A
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PBS PE¥, WM N AR,
1.3.5 GPO-PAP ¥&ll5E TG &
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TR TG MEA G UL RN TG &, R T A
B0 B G BCA B P I s 370 &l B 5 0
AW DAL IE TG %6,
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I f Ak FE S, PBS PR, A 10 pmol/L #Y
DCFH-DA ¢ Y6HR4MFE 30 min, PBS ¥E, %6 i
(G WP UE-Si VN
1.3.7 ELISA i TNF-a 7 1

Y M AL IR A M SRS 1.5 mL B0
,F 4°C, 1500 r/min #5010 min, B[, 16
ELISA 5 & Ul U0 TNF-a 85 % 2,
1.3.8 Real-time PCR Kl H A% 3% [ F2 ik /K

AL B A RNA R0 70 45 4
RNA, 43606 B2 RNA ¥k B 39 % 53 300 600
RNA 356 5 A cDNA , 4% i Real-time PCR 5 & i
il 20 wL PCR WA R F 5t & PCR XY 1,
PCR Wik & . Template DNA, 2 wL;2X Realtime
PCR Super mix, 10 pL;Primer 1 (10 wmol/L) ,0.5
wL; Primer 2 (10 pmol/L) ,0.5 wL;DEPC 7K ,7 uL,
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S1YFIILE 1,
1.3.9 KEMERESHIK
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Yett f G pE e Yt il GraphPad Prism 6. 0 X
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1.4 SitZEH*E
BAEAEF SPSS 23. 0 AT 4811434, S8 i
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K E J7 227087 (one-way ANOVA) , P<0. 05 74 [H]
EREG R,
2 #R
2.1 HEAYRETHRAXNSRETRIRE
CCK-8 45511 ,0~ 10 pmol/L ¥ FF 1) fi: g 2%

5 0~30 wmol/L ¥ & A M fz 28 2 A 24513 40 M 1%
J1, Hod 100 nmol/L M 8 41 i 1% 1 i i (P <

0.0001) , WLIE 1, IrAE#E 100 nmol /L MfE 3 2K i i
YRR, 5 FFA AL, 259 )5 Ab 3 7
KRR b (K 2A) , R PG &b 25 20 2
Y AT WM E . 5 FFA AAHEL, 1 umol/L Al
10 wmol/L M 2 5 Ab B AT {4 i % ¥4 BH g o /b (&
2B) 454 1 wmol/L MWL (H 40T 1 BH W48 v (P
<0.001) . KT, 2RH 1 pumol/L Wi 5 AL HLH T
JEEESLE, 5 FFA gHAH L, 30 wmol/L #if J2 2 J5 4k
PRET G R e/ (1 2C) o IR, SR 30 umol /L
W RGBT 5 22555,
2.2 Wil EKE HepG2 MMAnBE AT M

KL O Yt M F Mg R L, 5%
TEZHAH LE , 5 70 21 21 €5 i 0 0 35 30 225 T S5 R AU 2
AH G, E 35 2R 4 RN Rz 25 2 34 4ol 21 €2 i % BH S ik
b LA 3,
2.3 HlEEE{R HepG2 40/ TG &=

JIF 40 TG 5 2 AT S e JH 448 e i o FR 22 1
JE, SXTRRAUA e, AR AL A0 TG 75 i I R 3
i (P<0.001) ;1 SR AH L, B R H (P<

R YNER PCR 195191751
Table 1 Primer sequence for Real-time PCR

GIL B FIFH(5°—3") P BE (bp)
Primer name Primer sequence (5’ —3’) Product length
F:GCACCGTCAAGGCTGAGAAC
GAPDH R:TGGTGAAGACGCCAGTGGA 138
. F:CACTCCTCCTCATAAAGCCAAC
PeC-la R:GGACTTGCTGAGTTGTGCATA 190
F:GATATGGAGACACTGTGTATGGCTGAG
PPAR«a 83
R:ACCTCCGCCTCCTTGTTCTGG
) F:TCTACCATGATGGGCGGCTGCT
CPTla R:CGTCTGGGCTCGTGCGACATTT 663
ACOX1 F:ACTCGCAGCCAGCGTTATG 34

R:AGGGTCAGCGATGCCAAAC

1: 5 0 nmol/L #EFERA L, ™ P<0.001, "™ P<0.0001;5 0 pmol/L #fi ¢ KA LL, * P<0.05,
1 ANIRI e 2 M AT e 22 A B HepG2 40 O 20 1%
Note. Compared with the 0 nmol/L E2 group, ™ P<0.001, ™ P<0.0001. Compared with the 0 wmol/L Que group, * P<0. 05.

Figure 1 Cell viability of HepG2 cells treated with different concentrations of estrogen and quercetin
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0. 05) it e K4 (P<0. 05) fli i 40 i TG & & ¥
T M KA S MR AM L ZE RS H %=
LU 4,
2.4 #E =LV HepG2 A PGC-1a Rik
PGC-la ZEW TR R B A AL T BE | A Ak 0 3
FA A S Ty RIS 5 S HEE ], >R ] Real-time PCR
Kl PGC-loe mRNA K35, 55X BUATAH L, AR 2
PGC-1a mRNA [3RIK TR (P<0.05) ;1 SR AIZH
A, Ml 4 (P<0. 001) Al iz Z 41 (P<0.01) fifi
PGC-la FUZEIA 2 i b3 M e R4l S s R 4
2RI S, WA S,

2.5 #EEHE HepG2 LHRAASEA TS B S 1L IN6E

PPARo JE N2 A AL A 1Y 32 24035 (5, -
UL CPT 1o T ACOX 4351 AT 5z 2 44 A1l
i ALY AR R B A L DI BE, R A Real-time
PCR #: i PPARa, CPTla 1 ACOX1 mRNA ik,
%R ZH A He, B 24 PPARa, CPT1a A1 ACOX1
mRNA (251 F [ (P<0.05) ; 5581 20 41 1L | M
PR 4 M B2 R 434 AT PPARa (P<0.01) |
CPT1a( P<0.001) A1 ACOX1( P<0.001) [ 3k i 3
LV R S MM R AL E R SRR
X, ULE 6,

TE: A A [RIAE BH A BERCR XS HepG2 20 A MR O BEN 5 B AN A1 JIE B9 ME S0 Hep G2 40 A B4 82 0 5 €.« AN [ ¥4k JBE B4 K2 3R X HepG2

2 L B ) R

2 MEBCER R R ZXT HepG2 4H LR 1 720

Note. A, Effect of different treatments of estrogen on lipid droplets in HepG2 cells. B, Effect of different concentrations of estrogen on lipid

droplets in HepG2 cells. C, Effect of different concentrations of quercetin on lipid droplets in HepG2 cells.

Figure 2 Effect of estrogen and quercetin on lipid droplets in HepG2 cells

3 LT O B HepG2 4l M AL 1k
Figure 3 Lipid droplet changes in HepG2 cells by oil red O staining
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2.6 WEZERL HepG2 S LR
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ROS ZR 5 05 5 W1 W 3G 58 1 5 B R 41 A0 L
I 385 25 20 A B2 2R 4 ROS 2f (6,58 615 5 24 08 55
WL 7,
2.7 HWEZEIME HepG2 A KM RN

TNF-a 52 NAFLD & A & @ v = 200 R 4
T, % ELISA 1l TNF-o &, S5XF A
FIH, BRI 4 BF 240 TNF- EE S B £ (P<
0.01) ;1 518 AU ZH AH L, MEI ZR 4H (P<0.001)
FH He R AL (P<0. 01) P AP A TNF-o 25 7%
R MR S M R A A S RS
TR X, A 8,

3 it

P2 M T D5 28 P AT R A R T A R D
JF9% , b 35 30 0 1 I &5 4 Ak R0 s A0 XURS: , 55 2 &
JEA A0 M . PGC-1a 335 5% 5 NAFLD
REREEVIML, FRME, BF N PGC-1a 1Y
fRFA AL BE NAFLD KB K B PGC-1a FE it
W/ B YL G 5 & e HF R s AR v, AR s
BN BRI PCGC-1a MYFRIE R, BB AL &
FIRE 7S T | 2 PGC-1o A1 2 542 {5 1T 21 Bt B iy
AR A A e M B 3R 5 BE M 2 MV R AR
AL, AT L PGC-1aw YFRIR Wl 42 240 B o AR 2R
FRE W ASYE W10 Bk T A R 2R A ME SRR A R
YERT, PGC-la BIFEIE b WA S5 iz 25 ok 35 1T 4
MORg A8 A OC, IF H 530G BE iR B A4k Il f%
AR I LA B Al R e s A G

TR R 3= B E S B R B B AL I, T2
fe it p EALIGER AL 22— WRIRH R B
AU A B DU 8 P 3 25 0 Ty T AR SR RN B D7 A4 B3
{24 NAFLD (IE I, BRI, W0E BRI e B 41k 1)
AEJE FH 1k NAFLD & A 9 g, JFrh Kt & ik
PPARa, VE 2 — B B A 0T % 5% X 1, BB AT 0035 =
SRR F AL B S i R B AL isfE iy B A
Tk CPTIa LR R IR TR B 41k Y 6
fifg, Boe— e B LR RSN B 1, v 3 S
Rt AL IR AT B AL b AR B = A
HENG R TR (very long-chain fatty acids, VLCFAs) %81k
Fris i E, ACOX1 J2& VLCFAs 161t E AL Wy Ak B

TE G XHRAAM I, P<0.001; SEFEIZ AL, FP<0.05,
B4 HepG2 40l TG & &
Note. Compared with the control group, ™ P<0.001. Compared
with the FFA group, *P<0. 05.
Figure 4 TG content of HepG2 cells

FE- S BAMLE, *P<0.05; SEBAML, *P<0.01,
" p<0. 001,

5 HepG2 4l PGC-1a mRNA kK
Note. Compared with the control group, “P<0.05. Compared
with the FFA group, ™P<0.01, *P<0.001.
Figure 5 PGC-lao mRNA expression level in HepG2 cells

T SX BRI, T P<0.05; ST M, *P<0.01,
¥ P<0. 001,
6 HepG2 AP IEIIR B ALK AR FhKF
Note. Compared with the control group, *P<0.05. Compared
with the FFA group, *#P<0.01, " P<0.001.

Figure 6 Relative expression levels of fatty acid B

oxidation genes in HepG2 cells
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B 7 DCFH-DA ¥¢{% HepG2 Ziifd ROS /K
Figure 7 ROS level of HepG2 cells by DCFH-DA staining

W SXTRAM L, ¥ P<0.01; SEERAH L, *P<0.01,
#p<0.001,
E 8 HepG2 #fifd TNF-a /K

Note. Compared with the control group, “ P<0.01. Compared
with the FFA group, *P<0.01, " P<0.001.
Figure 8 TNF-a level in HepG2 cells

AT PR R i, VLCFAs B 0k 1 % 5K 4 B
TR , Bt i 4 i o 80 e Pt — 4 A
I, S SE A B TE N D R B A A o i % AR
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A, NASH % JIF th PPARa 1Y 3% 35 AR 72
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ACOXI IR E SRR A B A7 06, MEM R T 10
Jii ,PPARa .CPT1a A1 ACOX1 YA 8 i,
WOTE T RRIR B AL TRk, DT 536 AT 40 L AR i AR
PE, TRE R M R T HUG BT MERE I
SEIL PR RAIE T8 R ME R B AR
AL N AR NAFLD & A % i vh 4y 1o 25 3 52 1)
PERZE?Y ) NAFLD A 35 B0 BEARAF & K 5
U R M AELTE P20, 2R R BE TR B AL Ak 388 fin iy
Wt L7 A 1 R ROS, 51 & Ak R 38, SO 40 i
Bifhi, ekt 8 ROS Sk 4 i o A2 7R A iy

FURE 7R 7 A IR B ik S Ak ™= 1, 473 2 R Ak T g
TN ARG AR, RIS iAol s ROS #E T 40
MIEk Kupffer 20 M 7= 4= & PE I 7, 51 & R &
B OARSLEG & B, BRI 4] ROS R A& E I F
TNF-a 7K P T, X 22240 5 PGC-1a [ FRIR T B
]IS} % £, 26 B i U R B 2481 PGC-1a 1Y 363K T [
SR ORI R PR BN A G, 5 B 2 R
JR—3, M Bz Z 0 ROS FTNF-o 42 A%, J8d% T 48
PRI ORI G Pk K2 N, 18— 2510 WA e 26 45 T M
REREMRIER . AUFFE R AELE R BRI, FFA K5 3%
(1) HepG2 4L i 5 Hh IR TR | S0 A o 38R 2%
JIN 255 TR, {H HepG2 40 itk 5 48 BRACF AT
MAAFAE 22 5, 0 T % TR L R 5 AR o0 2 B
NAFLD [ FTARHE, B BE, J5 2250 500K 2 o8 AR
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