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(HE]  HW W5 B WA 23 B a0 e ie 28 b e . )57k 1 0.2 mmol/L % ig 2 4 ( palmitic
acid sodium, PA) 4b ¥ AR A0 HORE (HepG2) 0 24 h 7 AT 41 i 5 A A8 AR Y, B A 40 pumol/ L 4 22 B ( resveratrol ,
RSV) 2l s A 5 mmol/L [ WE4: S 40l ( 3-methyladenine ,3-MA ) b3 24 h, SZE4 A% AL PA 41 PA + RSV 41 PA +
3-MA + RSV 41, ¥4 05)G , F CCK-8 JLAG I 4 Mo 34 HH 16 07, T 2L O Yo 1045 T 45 2 240 Ji A g o 35 RIS 00, 4t M s Joi Lt
o AR B o T A e I i OB R AR B B VA TR, 328 S rEL B A I [ WA, Western blot TG B BEFR
A MAPILC3B2 [ %Ak, &5 0.2 mmol/L PA 140 wmol/L RSV %t HepG2 4 [ 78 1 1 TG 2 2 5 (P >
0.05) ,PA 4b ¥ 5 & 38 T 40 i B 3 %5 A8 T RSV AL AR 835 TR F41 i N MAPILC3B2 25 1) 32 38 7K -, [l B i 1 A 4
I PN B WEAFN A BRI TE B, 3 B B AK PA 5 0TI NE PR B FL(P <0.05) s A 3-MA Ab3H )5, REBH 2 40 il RSV X
MAPI1LC3B2 ZE [ #3811 FIR1E T, 9F 350> RSV 153 1) A WA FIA BHASCE N (P <0.05) , &5 RSV il
[ WEMT G PA 5| 040 AR AR 1 .
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Resveratrol attenuates steatosis in cultured hepatic cells by inducing autophagy

Zhang Yong, Chen Mingliang, Gao Yanxiang, Wu Bin, Wu Ying, Zhang Qianyong, Mi Mantian ( Research Center for
Nutrition and Food Safety, Chongqing Key Laboratory of Nutrition and Food Safety, Chongqing Center of Medical Nutrition, College of
Military Preventive Medicine, Third Military Medical University, Chongging, 400038, China)

[ Abstract ] Objective  To determine the role of autophagy in the inhibitory effect of resveratrol
(RSV) on hepatic steatosis. Methods ~ Human hepatoma cell line HepG2 were treated by 0. 2 mmol/L
sodium palmitate ( palmitic acid sodium, PA) for 24 h to establish a cell model of hepatic steatosis, followed by
the treatement of 40 pmol/L RSV with or without 5 mmol/L 3-methyladenine (3-MA), a specific inhibitor of
autophagy , for another 24 h. In this way, the cells were divided into 4 groups, a control group, PA group, PA +
RSV group and PA +3-MA + RSV group. After incubation terminated, CCK-8 assay was used to detect the cell
viability, oil red O staining was employed to detect the intracellular lipid accumulation, and the cell lipid
content was measured by a lipid quantitative colorimetric test kit. In order to monitor autophagy in HepG2 cells,
laser confocal microscopy was used to observe the lysosomes, transmission electron microscopy (TEM) was used
to detect the autophagosomes, and Western blotting was used to detect the expression of autophagy marker
protein MAP1LC3B2. Results PA of 0.2 mmol/L and RSV of 40 pwmol/L had no significant effect on the
proliferation of HepG2 cells (P >0.05). However, PA treatment significantly increased lipid accumulation in
the HepG2 cells, and RSV treatment significantly enhanced the expression level of hepatocyte MAP1LC3B2,
the number of lysosomes and autophagosomes. Simultaneouly, RSV treatment notably reduced the lipid
accumulation of HepG2 cells induced by PA. Furthermore, 3-MA treatment obviously inhibited the above effect
of RSV. Conclusion RSV improves hepatocyte fatty degeneration caused by PA through inducing autophagy.
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Ik 75 K5 1 18 B 4 BT %5 ( nonalcoholic fatty liver
disease ,NAFLD) J&—Ff Jo i 12 1T 52 1y LA S 5 40 i
P05 A2 P FIRE AR Jhy 3 SRR 1 I R BRER S AIE
HCRT 5 & e LR SO AL 8 R 55 2 Fg pEAR
R, " A AN . H AT E T NAFLD
OTATT 4 A BRI A D58k . AT SR IR & B M
YIPEE IR A R 5 NAFLD [ 4055 5% 5 B A 6,
TR AR P A U8 7 . 3
fi£ (resveratrol, RSV ) J&J {2 AF4E T HAR A 19— EHZ
2 WA =Y A T IZ AW #2800, % 2
P AR P (Sl Bk ok AE A Ak A IR . NAFLD)
AHEBERR RO . A (autophagy ) 1 R ELE%
20 B A 3R A7 AR HLE AR ST 08— Fh K53 W) S R A B
il AT A3 e A Wk 52 A5 %) 40 e A 2 1 5 4 22 b 4
HLRAY , T2 A0 B B A5 BRI (lipid droplets,
LDs ) J2& 3 Wi I BRI = — , Wik RE 3 ) v il 1A i 42
254 IR A% LDs , 1T 25 45 40 B P AR A5 B
WFFE &I, RSV REfS I 1 155 A Wk 1 410 1 3l Jk o%5 A0
P HIEAE RSB VBRI & A KR . SR, KT
RSV RE 75 52 fie 2 240 i 5 I 70 22 A ST 4 B g Iy 722 1
IR, i /0 DR IE . ASBIFSE e iAo h S, A1 s
1240 ( palmitic acid sodium, PA ) &b B A AT 987 40 9 Kk
(HepG2 ) 7 44 S T 41 i A 15 728 1 A5 2, i )5 7 1)
RSV S a5 F Wi 5 40 i ) ( 3-methyladenine , 3-
MA) AbF8, AR B W TE 20 400 il JHT- 40 i 017 72
PR RYVEHR]

1 #M#57FE

1.1 EZRXA Fedmhe

MIHE A0 ik (HepG2) 19 5 HhRLBE b #4101 T ; DMEM 85
FRHLFNE AR 1 B 9 256 B Gibeo 24 B 7 s i 4R 1078 O 26 H
HyClone 23 &)= il s IHAL O A ZE i (RSV) ERHIRERSM (PA) |
ki N MAPILC3B $7{4F1 3-MA 14 B 2% [F Sigma A 7]; CCK-8
5 & & H 4% Dojindo 2\ &) 7 s PVDF iy 35 E Merck
Millipore 23 /) 7 i 5 4 M g JBT LU €8 125 5 6 A6 I35 o8 28 [
GENMED 24 &] ™ & 5 ¥ B 4 4 €6 57 30 ¥R £ (lysotracker green,
LTG) Iy H 35 [ Invitrogen 23 F] 5 Sbi A B-actin HTIAE M [ Ik 50
PSR AT,
1.2 wmpakih%kan

HepG2 #H il FH & R FR 2341 10% JI 4 1M 35 (4 = % DMEM $5
FEILH G SR, AN Ak 85% s, JRIREE A RN AL %1,
STUG A3 Hg 4 4 NFERAH (PA 4 PA + RSV 411 PA +3-MA + RSV
2H, PA4l: H 0.2 mmol/L PA &b¥f 48 h; PA + RSV 41:
0.2 mmol/L PA Ab¥H 24 h J5 /M A 40 pmol/L RSV 4k 45 kb 3
24 h;PA +3-MA + RSV 41 JT1 0.2 mmol/L PA 4b¥H 24 h J5,7E

JIA 40 pmol/L RSV Fif 1 h il A 5 mmol/L 3-MA b3 ; %} Bt 21
T L 5 7 Ak 24
1.3 mfedgsiE A mle

4t 0 3 7E T2 4 25 1 A 3 ) & cell counting kit-8
(CCK-8) TFAk 4 ML 58 1% 7 o B B0 K W11 HepG2 241 Jifa 422
FhF 96 FLACH, A RE 1 x 10° /Lo 40 G BE I o 46 05 5%
e, RUIMALL IR R, B R 45 s, BALIA CCK-8 ¥
20 L F3EFE 1.5 h, )5 R AR XN E 450 nm JE% EEH , R4
W3 AE AL LAXT REZH 240 I3 5B TG J7 2 100% , HoAth 25 25 244 e
HEFHVE ) = hBRAL D(450) /25 940 D(450) x 100%
1.4 W 036

YLD T B3 1Y 24 FLAR, AR R 2591 b )5
FRRFR ST B0 4% 1) 22 5 P I 11 22 4t 30 mun, 177 )5 1) R 9K A9
PBS ik 3 W, FEAFH 0. 5% 4L O e fd, 50 min, R, H
60% S PN BEEESE 30 min, ZEIRUK IR R 3 IR B FIEW] . B
B W, IR
1.5 @fafs e =

FA 20 R g IO L €2 325 2 R 0 350 5 40 A 4 B A T B
HepG2 4ilfifg, 4% 1 x 10* /4L i $: Ff 96 FLAR  , 40 M WG BE I
AR R SE g A3 20 B AL PR IR R AL PRI . BE FR 45 G, IR
TGRS BRI AR, Foe 5 B (SR DY 25 BE AR, B A
520 nm,
1.6 #Obk R A MR IR

BB K457 HepG2 2, 42 1 x 10°/ 10155 5 42 b 15 35 /)
LA 240 RS BE J , 44 AN [ B 52 36 4 2 B Ak 3 IR 3R Ak 3R A4
REFRE G, H 200 wL i 1 (R A7 e 484 (LTG) (50 nmol/L)
37 °C % F 20 min Ji5 5T 6 55 72 R VR4 3 W, LA 200 L
PBS TEHOG ISR £E W i T R .
1.7 &4 w4uiem

P[] SE6 43 20 K AL B P A0 M AT A B i e 45 4H
ZHfL,1 000 r/min 550> 10 min, FH 2. 5% J% " 2, L
7K, Epon812 R4 G 4341, LKB- I A48 3470 1+ WLV A & 1 s
RETEY) B TR OSLEH B A TR i A TR 4 £, EM420 78375 5 HL
B LB S S A 1 A2 b
1.8 Western blot ;4| f vE 47 &% G 6 £3%

WCE M, SRR, Bradford 250 & & REA TR FIHEE,
40 pg FEZI MG BAE, 10% (B /0450 58 P04 Tk e e
Mk, AR R R L % % % PVDF & . & 5%
(FREAE) s Wk i TBST 041 3 h 5, Fl—Pif B
1:1 000 L BIFEREMI bt A MAPILC3B1/2 S A B-actin, 4 °C
TRV 3 K, A Z UG B 125 000 L 4 7 8 1) BB S
BT AR IO R —hT, FRFEF 2 h, 3 WG, Ak
% RIGH, R VILBER FUSION FX7 {4 &4t 2 31506
1.9 %itsae

THEYORH 2 £5 378, I SPSS 13. 0 B4R B 54 7 5
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2.3 RSV s} PA 422 ¢4 I 20 0, B " 69 % )
2 #5 53

2.3.1  WEEHAARICIRE (LTG) Kl W&l 3 iR, PA +

2.1 RSV Fv PA xf I 20 Jo34 30 7% /1 69 %! RSV 41410 P 2 588 3 WA 4 6 00, 7 AR 6 ) b 096 22,

PA 241 PA + RSV ZH 7 PA +3-MA + RSV 4 41l fu % 54 % ) PA +3-MA + RSV 20 JIF 4l Jfd P 5 Dl 0 3 W 8 0 555 , Vs Bl AR B =
43514 94.83% 93.03% 1 89.25% , 5 %F HALL HL AV A Si 12 s/ (P <0.05) o
Z5(P>0.05),
2.2 RSV 5 AT a0 JLfg s 2 1%
2.2.1  4AMIAR T HG vk BRI M AR R A i dniEl 1T
7N, PA L0324 b5, 500 BRZE A, JHEA0 R P R BT i R I
TP <0.05) , Jyxf BRALAY 1.4 £, 17 RSV A 25 B AL 40 N
Tt (P <0.05) s A B REF 57 3-MA AL 35 68 9] 5240
#l RSV ByxX—AEA (P <0.05) ,
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A58 20 ;B PA 28;C.PA + RSV 41;D.PA +3-MA + RSV 41
0 1 2 3 4

3 RSV i HepG2 A BESMAAIIER ( x1000)

D(520)fH

251
13384032 . PA 4133 PA + RSV 41;4:PA +3-MA + RSV 41 2.3.2 EGTEBTRI W& 4 TR ,0. 2 mmol/L HK AR R HH
a:P<0.05, 55 B4 ;b: P <0.05,155 PA LA e P < Qb3 HepG2 ZH1Jifl 24 h )5 , P 40 pumol/L (HEE kb3 24 h,
0.05,5 PA + RSV 2L 1bék PA TR A0ML A K2 RIARIRTE B, 110 RSV + PA 2H -4 Ml 4 i
Bl AR aEERRNARERSE i i S R FLA R F AT I8 5 T WG D 6 55) 3-MA. b
&b R
2.2.2 LT O Yfa WEL 4 2 HepG2 41 S i 2 BURS 5L FRBE I AP RSV 1y —1EH .

WE 2 frs, PA 40T LU 3 S A0 P IS RS AL, RSV A BT
W S AR AT G Jo 5 B URE B, T 1 W o 35 3-MA b B4 )5 RE 1
WIH RSV X —AEH .

A3t P840 ;B PA 41;C:PA + RSV 41;D:PA +3-MA + RSV 21

e | @ ; Ny El4 FESTEEWE HepG2 AR BBEEFA  ( x6 200)
Roos. A S | :
i -l : 2.3.3 HWbREE A MAPILC3B2 (9#:k  WE S FiR, 5
A3t P8 4E ;B PA 28;C.PA + RSV 41;D:PA +3-MA + RSV 41 PA 2 k%, PA + RSV #H MAPILC3B2 £ ik o FHF W (P <
E2 040 RENREH HepG2 AL RERER 0.05) , 1} 3-MA bR fE 3 M| RSV 3% 519 MAP1LC3B2 114

(BIE LA x400) k(P <0.05),
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A:Western blot 4R 25 R ;B: 2 Z 4474 K ;1 5 B4;2:PA 20,

3.PA + RSV Z1;4: PA +3-MA + RSV Z1;a: P <0.05, 5 PA 43241

#;b: P <0.05,5 PA + RSV 4 22 20 pb gz

5 Western blot 4l 5 22 A Ezxt HepG2 4 il B i 3R 3% K 54114
3 g

NAFLD S48 BR 109K &0 A0 o Ath Bt i 453 15 22
), CLYRIE VA0 M P g 195 28 o 32 SR AE 1Y Il
PRIRFELEAAET o R4S K Z K NAFLD 84 15 5 01 Py
FEICH] WSO RE A 1 , R ik R A G (HIE K
i) NAFLD A ¢ Jie it Ak 5L 28 2 e i e fe . I 47
KeBiE A TG, AT ED A 2 iEE
ARG, I Ak 7 55 sh AR B R B9 S, NAFLD
MR g BT HAT2ERKRAHE 20% ~30%
FI AR NS NAFLD, [H b, B2 #l 5 Fl6 97 NAFLD
A R T B S
X NAFLD RYBFFEAR 22, {H H A 1) FARAIL

ARG I R 2 A8 BRI O . BB
Bl R B B SRR AR T PUAE 2 Bl R A e 1)
B A BRAE T , © O IZ ST 5L S . RSV
M E S Z WA AL S, T R R T
(LIR) bl ek RESHY Y KRR
W RSV 45 54 sh RO AE R (L E 2R s 2 SR
AR B RSV HAG Fifig 1t R i AH 0L A9 A= 4 2= AR 3
RUONE, BB 2 T BT AR D7 L BB iR 215 S 1Y NAFLD
9 A S 2 IS & B, RSV 4 il NAFLD
AT REVE FBL 32 B A48 LT 3 45« (O3 0 417 ) [ e
P G454 % B (sterol regulatory element-binding
proteins, SREBPs ) T sl /b JHF Mk 9 i M5 4 ) A 5 A 5
QRE WG A AL W) 1 15 5 B0E 2 AR y ( peroxisome
proliferator-activated receptor vy, PPARy) i {i& ¥ g ifj )
AR s W B AE B T 1 (silent mating

type information regulation 2 homolog-1, SIRT1 ) Tiij {i¢ i#
JFF240 6 PR B R £ 0, 20455 FFF 0 M B P A
FOE AN AT MG T AE VALY, 40 T NAFLD
SRR T 2 BN TR A5 3 VR R, L RSV A1
WK, WA RSV RE 2 2035 PA AC 31 0 40 i g
A VERESE o PRASZH AT I 5 & B RSV RE i 1ok fie ik
201 1 I 40 k) A9 0 L A P 0 RTIE B AE R
B, R A W R S 2 — 1 DR, FR AT 4
I W n] BEAE RSV 105 - 4 i JIig 15 72 P O 4% R 2
YEH.

20 1 W 2 P A SR BRI B R 7 A Y — ol
T M BN, O A OBUZ RS F 1Y) B Wi, 77 B
fiER 2R P BB B/ L 1 T SRR B 2 A0 ) 400 M i 4
MAERF AN RS o EAT, ARSI W S 25 1
R AR SARIE o DR, AT 2R B L
FI AR (RIS 4 ] Western blot i A6 B Wb 5 3
1 MAPILC3B py3 ik /K MO E R AR B i B W ¢
Ve BHIASE J ik 9T RSV X FAIA A WAV o 45
R, RSV RES 251 Jn PA RE B A4 AT 40 S 1 W )
LI MAPLLC3B2 25 (YRI5 | [R] I 3 v 1
i, LA R4S SRR RSV BEASHE F PA Ab B 4 JIT
Hf A NE, SADIEERD], RSV Al i i 5 40 i 5 Wi
AT P B I R R A AT A
FER B RSV REAE R PA A0 E B9 BT 20D A W & A=
itk —2 WA E WEAE RSV A0 1 40 6 s 28 1 v i
YRR AR T B W Rr S 50 3-MA X 4il g it 47
AbHE ., 3-MA JEWARIEILEE 3 Jt 3l R] , o ek
BELURT F Wit AR T ™ o R R B, 3-MA BB 1 25
0 RSV J5 S RYFF A M [ W& AR, R, 25 i) RSV
X A AR T AL PR A O PR o Rl R R, A A
RSV A0l JFF 20 Jea 1 10y 72 P v A B A T SRR SR
T RSV LEJF 20 M i 5 A2 b P T AL T2 LA
AWFFERBIFTIELE T30 2 T A B X — E A A
e A7 TE Y A F AR L 384 ST AT A g 17
ASKEATY NP WA A 5R), DA T R AE RSV AT
AN AZ P R EAE . SR, 5T RSV 5 T4l
JiE ) B FAILAR] , 1A o — 2P TR AT

Zi ERTIE  AATIE A B RSV BEMg L 75 -4l i B
W 0T 410 41 - 200 g 07 A8 1 o IR SR TRt — 2P R R
RSV 1 NAFLD i 45 F AL ) 5 A 3 %8 8 3, %
T2 NAFLD 36 o sk ms BA7 v A i P AN (8L
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