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Abstract Objective To investigate the effects of polydatin on a high-fat diet-induced
non-alcoholic fatty liver disease (NAFLD) mouse model and hepatoma G2 (HepG2) cell model,
and to reveal its potential molecular mechanisms. Methods Thirty 6-week-old male SPF
C57BL/6J mice were randomly divided into a normal diet group and a high-fat diet group. After
the NAFLD mouse model was established in the high-fat diet group, they were further divided
into a model group and a polydatin treatment group. The polydatin treatment group was
administered polydatin by gavage at a dose of 250 mg/(kg d) for 10 weeks, during which body
weight was monitored and oral glucose and insulin tolerance tests were performed. At the end of
the experiment, a series of tests to evaluate the effects of polydatin on mouse liver weight, blood
lipids, liver lipid accumulation, and liver injury markers were performed. The expression of Go/G1
switch gene 2(G0S2) and adipose triglyceride lipase (ATGL) was measured by qRT-PCR and
Western blot, and gene expression was further verified using immunohistochemical staining. The
effects of polydatin on HepG2 cell activity was assessed by CCK-8 assay, lipid accumulation was
observed by oil red O staining, and the expression of G0S2 and ATGL was detected by gRT-PCR
and Western blot. Results Polydatin significantly reduced the body weight, liver weight, and

serum and liver tissue levels of aspartate aminotransferase (AST), alanine aminotransferase (ALT),



triglyceride (TG), and total cholesterol (TC) in mice (/<0.05), alleviated pathological liver
damage, decreased G0S2 expression (P<0.05), and increased ATGL expression (P<0.05). At the
cellular level, polydatin reduced lipid droplet accumulation, improved lipid metabolism, decreased
GO0S2 expression (P<0.05), and increased ATGL expression (P<0.05). Even in cells with
knockdown of GO0S2, polydatin still promoted fat decomposition (P<0.01). Conclusion
Polydatin promotes hepatic fat breakdown by regulating the expression of G0S2 and ATGL,
helping to alleviate metabolic disorders and liver damage in the NAFLD mouse model caused by a
high-fat diet, offering a new strategy for treating NAFLD.

Key words polydatin; non-alcoholic fatty liver disease; C57BL/6J mice; HepG2 cells; fat
decomposition; Go/G1 switch gene 2; adipose triglyceride lipase
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IR 14 i 07 9% (non-alcoholic fatty liver disease, NAFLD) & —F 55 &85 1)
FHREI LI, RRZIZE ETE, AOGEI AR R, & 50 M8 P & 2 BB hRw 54X
M R G L L3 mT BT B VRS 4 i W 14 B 4% (non-alcoholic steatohepatitis, NASH) |
JHAE AR R e 7 2R b R o B I SE 1 o 24 i i B8 3R (Food and Drug Administration,
FDA)HEAE MR A BRO, 75— B 5t DR R IR 7 HE s S 2

GO/G1 JF 55K 2 (Go/Gy switch gene 2, GO0S2) &g ALK H B T, Wil
e A =B H M IENIAG (adipose triglyceride lipase, ATGL) il H 1k, kb fig 5/ g4,
1% GOS2 Ml ATGL [IZRIE T A NAFLD 597 R (13 5 mgBsl, pE it (polydatin, PD)j&—
FAEAE T PRAL P R ARTE A S, B B MUk . Sual K REREAL . IR T9WE e QM AT Bt 8 55
Z P AR 2 RO R U R, PD S i B ARG AU AL LR 2 e B, % T I AR TT NASH
T FCAR < [ P EF 4 A B A VB 7 AOARAR R,  ASHE T 38 1 S e R TR B 5 5 10 /0 BRUBL R A
IR AR R G2 (hepatoma G2, HepG2) UMY, 451 PD o JH M A 5 4K 44 i)
SO % B TEROPLE],  SOEHR Tl I 4% GOS2 Fl ATGL FIAGEHEARF /M, A Tiiis

NAFLD.
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1.1 Bkt

111 53  HepG2 ZHfiuily B b EAL =Bt LilgdiffifE, fE8A 10%/64- i (EHE
Invitrogen A ) F1 100 pg/mL HHEEZR (FH I FEEEVRH AR AT I DMEM K75
(%[H Gibco AF]) HkEFE. LI 30 R 6 kMM SPF 2% C57BL/6I /INER, HH L b
VR AR A PR A F 324 (A RAIESR 5+ 20180006043629) . /)R % B T 253K 5,
JEHE/ IS B N 12 h, IR EYERRAE (2542) °C, JRSEIEHILE (550D %, I E HFRBUKA
Y. 1ESEITFLERT, DNRAAT 79 1 RE RS 3R, DA ORI IE RIS . TR S0
VESL) MGG (e N REAN [ S0 s A8 AN B R0 A OCHILE , JECRA Lilg PR
ZIRF B BE B B . bl 7 B X O B B S AR B S i (IR B LA 5

DWEC-A-202211003) .

112 FEHR SN PD WHTE R REEZ AR (CAS: 27208-80-6) , AR 4rF /i
5: 390.388. % PD )41 24T 1 %7€, FFiid i S0 ikl e 7 PD HIZERE (298%) .
Pt ATGL $ifk (ATGL, #2138) . #i B-actin FitfA&[B-actin (BH10D10) Mouse mAb #3700]/% H
S [H Beverly ¥ Cell Signaling Technology 2 %]; $it GOS2 % 5[ Hi 1A (12091-1-AP) i H EIX
Proteintech A &]; 2P (ab6721) . £/ (ab6728) —Puiy H _Filg P A = . M
& =W (triglyceride, TG) . AEBRALNENIEE (non-esterified fatty acid, NEFA) | &t JIH [
B (total cholesterol, TC) . KRITXZAMEL M (aspartate aminotransferase, AST) FIHZ
MR HE A% I (alanine aminotransferase, ALT) & &I &6 B R 5@ B RERT T2 T o
G0S2 siRNA T [ _F- e i AW R FR /A 7] - Lipofectamine 3000 114 F 35 [ Invitrogen A & .
KEAEER%A (palmitic acid, PA) (6 mmol/L) FIJHERHN C(oleic acid, OA) (12 mmol/L)
(KC006) 1 H 7 i (i BH R R AR A A . H41 RNA 4itbikil& (R4 ZE D

(EZB-RNOO1A) . 4 X EZscript i ¥4 37R & (EZB-RT2GQ) . 2x¥ & SYBR Green qPCR
FIRE (% ROX2) (A0012-R2) i H 3:[E EZBioscience.

1.1.3 EBEALSE  mlA % B LN E & E Eppendorf A ; B SUGIENLIE H EE Leica
AT SERPOEER PCR SUWHERE ABl AR ZINAEEEFAY. TFEHBEIXOIIIEHXE
BIO-RAD /A #]; IMARHXE HFEE Abbott A+]; BioRad mif% & 4t. mage Lab Software
T H 2% [ BioRad A ] .

1.2 ik

1.2.1 /MR NAFLD BRI LRI 44 7 JEie . M & (body weight, BW) £ 20 g /] C57BL/6



/NERAE SPF s = M h i 7%, BEALS NIEH X4 (ND, n=10) Aim Rtk &4 (High-Fat
Diet, HFD, n=20) , ND #EZAAMRIERE AR, HFD 4L m AR el 2 EERk R 34
HHMN 60%/E17 . 20%BRKAEPIFN 20%EE 15T FE T SCBR[7]3RkIE, BRI BW AT
FFAR TR N5 4 FRISS 8 B P 4hs T IEH 41 (P<0.05) , ALT {E48 8 JAim (P<0.05) , Ifi
TR FE R AL s A e T IER 4 (P<0.05) , # HFD 40/ R7EMASE 8 JA S RENL >
N HFD 41 (n=10) #1 PD j3J7 (PD) 41 (n=10) . H 1, PD 4#H PD [250 mg/
(kgd) 1081, JLAPIAIRESSRABIK, KRS 10 . Scibgsamt, (e 24
LIRGENR . BEJE, YRS BRI L URAT(E — 80 CCIFIVAR A7 5 b ml [ 5 75 49% %2 3% FH e i o
Wb, DABHAT S RS8BT A /N BRI BW B J 10 s), 9 3 0 R A R R ARk UE R ot

=

H o
1.2.2 s 543 R TEARSPERRFEE, A 0.25 mmol/L PA 37 HepG2 4fiffifi
R, FEARSNSEEG T, HepG2 4R AEAL 1x 105 MK LL Bl R 78 6 LI IR, JEAEAL
PERTES IR A TO%MAN A A& 2 . A0MA N2 A SEe . R (Con) 4. #%! (ModeD)
4. AR (DMSO) 41, PA+10 pmol/L PD ZH. PA+20 umol/L PD #H A1 PA+40 pumol/L PD
M. Br Con 44h, HARSHN HepG2 A1) BT 0.25 mmol/L ) PA IAi. 45d 48 h
MR, WCRANRANRE FREEREAR, AT I 2L g B AT 8 VAN 8 = 0 #T o

T BB W G0S2 HEEFKE PD X HepG2 4l i fig 5 A R i s, d
Lipofectamine 3000 #% 414 ] GOS2 siRNA (50 nmol/L) , #54k 24 h j5 /T Ja8esess. ik
ST ARG R (Si-Con) 4H: XfHE (Negative Control, NC-Con) 4. #7% (NC-Model)
ZH. PD (40umol/L, NC-Polydatin) Z1LL K G0S2 siRNA #44¢ (Si-G0S2) #4: XFH#& (Si-Con)

. FEA (Si-Model) ZH. PD (40 umol/L) (Si-Polydatin) 4.

1.2.3 OfRMEm &K% Coral glucose tolerance test, OGTT) MENZEWE LK
Cinsulin tolerance test, 1TT)  fE45 255 8 A58 OGTT. /NR/EAE R 12 h )5
B A AR (19/kg) . JFAE 0. 30. 60. 90. 120 min A [A] i [a] A A o B A ZE /N B
S K ML B A RE T S8 %5 B it 28R i A Carea under the curve, AUC) .
FEGHE TR ITT. T EF 9 sl hRATHMETEE, 2505
PR E S B 3R (0.75 Ulkg) » JRAERLERS AN (0. 30, 60. 90. 120 min) 7£ /)

B R A SR ML = AR, TS AUC,



1.2.4 LB AT

1241 GRS ST #4210 CCK-8 WG G Ml ri it i B, +4 HepG2 4l (1> 10%) Hefh T
96 fLIR, THILE 5 A PATES. A AFRKER PD (0~160 umol/L) W& 24 h. 48 h
J&, KFH CCK-8 VLM 4GE /7. 767 90 uL £33 1L I\ CCK-8 ¥k (10 pL), 37 °C
% E 3~5h. 7F 450 nm &b Bk ic G 2R OERE (optical density, OD) {i, FF 5256 fL
L XL A1) OD fH 2 LR /=40 s 77 -

1242 MARBE5ERBST ARAME, BT Con 445k, 7E PAFI OA i T 1 5%
48 h 5, JH 4% 5 RS [ E LE SR R [ E 15 min, 4ERFA MR S 4. PBS
Ve Ja, 4HMAE =R N 2E4T 20 min MU AL O Be, {57 40 B P 14 5 Vi 37 B 2 30
F.o fERME FUER S (LEICA DFC450C WM &AL . AT it — 5 Se Bl ig
TR T AT AN, A AR AN Bk vk A0 e, B AR ORI 450 nm KR
) OD 1H »

1.2.5 EALFRIR T HepG2 4. FFATH LI MIMLEH TC. TG M & &, MNE4 2
M5 h AST Rl ALT & &, LA K 40 i 55 77 Jk vl Jiz 29 16 07 % 00 25 &40 70 4 A U
52 56 25 B 2 J ) 3 R AR AR 0 BB B AT R A BCA R A e BN & E AR
41 N AT 2L Y TC AT TG & & LL mmol/gprot i .

126 HEURBEERAE LR R, Bw — 80 FIEAZ, 184 [ EE 1R
K, A R RS DT R S pm D) R, BEAT HE Bfh . IR BB N
B M3 Image 3 20 215 IR AT B AL AR A, AR I D) A 2 43 % 58 L NAFLD
G B MEVE 2 R 4R AG HE 3 T V) A R 1) NAFLDEI,

W HEAT T S A A4 CGimmunohistochemistry, IHC) 4ffy, GO0S2 4L fa i,
BHHALR AT R (5um) , Bk 2K, # 0 5% BSA 3 ¥ 37 °Ci#¥ & 30 min,
SR GOS2 Hifk (1:150) WHE, £ 4°CRER. 52K, YA RINADE b
i EHif 19G, 37 °CHEE 30 min, JFH DAB & {4,
1.2.7gRT-PCR M1 FIAH 21 RNA 4ifb ik & (a4 235 D S BUH 240 230 40 i
Wi RNA, JRJ5 H 4<EZscript i 7% iR & 0K H i 7% 55 8 cDNA. Rtk z 4, =
M 2xE 1 SYBR Green qPCR TR (& ROX2) KR ¥ I P 5¢ B2 % . PCR 3]

Winz 1 Fios
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Tab.1l Primer sequences

Gene Primer sequences (5'-3") Length (bp)
Homo G0S2 F: GTGCAGCACTGCATTGTCAT 20
R: TCCTTCCTCCCTAGTGCAAA 20
Homo ATGL F: CAGGACAGCTCCACCAACAT 20
R: TTGGAGAGGCGGTAGAGGTT 20
Homo B-actin F: CTCACCATGGATGATGATATCGC 23
R: CCACATAGGAATCCTTCTGACC 22
Mus G0S2 F: GCCACCGAATCCAGAACTGA 20
R: TTGATTGCTCGCACAGCCTA 20
Mus ATGL F: ATGTTCCCGAGGGAGACCAA 21
R: GAGGCTCCGTAGATGTGAGTG 20
Mus B-actin F: GGCTGTATTCCCCTCCATCG 20
R: CCAGTTGGTAACAATGCCATGT 22

1.2.8 BB LY AT 4 HepG2 41l /£ RIPA @M 2% . Hl BCA EH
Ao I R B T B R K S B A TE (4~20) % SDS-PAGE, f§ il MOPS-SDS
Running Buffer (1>) #A7 HiJk, HE&E NN 160~180 V. HLIKJE, fEIKK M A
F 90V, 100 min K%k 1F, B E AT 0.45 um PVDF X b, 55 5 2% b i fd A 10
J& Tris-Glycine Transfer Buffer (1> , HH&F 20%H . =ik ~NH 5% BSA #f
i 2h. )5 5% G0S2. ATGL. B-actin FJ—#HT (1:1000) 7 4 °CiFH LK. A
JG B E ABE (HRP) R — Pt RS RUAR & . A MNE ECL
A & 7E BioRad & R4kl % {5 5, 1 H Image Lab Software & & 73 #T -

1.3 &% AE  fii ] GraphPad Prism 9.0 B4 40 1 &% A se oo $e s 2= 5%, Wit
BRI AR A t RS, 2 AL L BCR R K 7 240 i (One-way ANOVA)D

P<0.05 v Z% R A G it = Lo



28R

2.1PD X HFD MR /PRABWEREL WM WL ERDE 1A PR &
fEiA FR A /N AR & MEE 3 E T ihs T IEwW A/ (P<0.05) , WK 1 B. PD 4%
25 8 Fl 5, 5 HFDA/NRAHEL, /R E Y B (P<0.01) , WE 1C. B4,
PD AJ L%k OGTT A1 ITT 0. 15. 30. 60. 90 min {1 ¥% F1 AUC (FosTr=13.44,

Fit7=13.42,P<0.05), . &l 1D-1G. [A ¥, PD tH [# 4% " 1L TC M1 TG i) 7K~ (P<0.05),
W 13, 1K, SCIRYE4 245 PD f5, HFD 4070 PD 41 & W & 2% = M AT $2 R k47,

LB 1L,

22PDXf HFD BRFF/DRAFERRRERKEZME 5 ND A/ KA, HFD 4/ i)
JERRAE K, MR, HATEREREWNIN: FHL HE #EER, HFD 4/ R
JEW R (HESM) 2 (P<0.01) , RIELHMIRE (k) 8 (P<0.01) ,
FFAEZH 4 TG TC & &1 i (P<0.01) . 5 HFD 40 AH tb, PD 41/ B F AT M 53 & (LW
A BF 57 & 54K & HL Cliver weight to body weight ratio, LW/BW) & 3 [# 1%
(FLw=19.03, Frwew=7.26, P<0.01) , WK 1H. 11; & LW 8 %J| (F=1.20,
P>0.05) , WK 1F; JHAH SRR 8B E> (F=41.55, P<0.01) , #%E 40 M= i o
i (P<0.01) , WK 2A-2C; AFME4L4 TG, TC & &K (Fre=139.1, Frc=24.16,

P<0.01) , WK 2H. 2I.

2.3PD X} HFD M5 /NRIFHRGHIE M 5 ND 44 tk, HFD d/NRIMiE ALT #1
AST & EM N, W2, PD A/RAZE, ALT F AST & &K
(FaLT=11.18, Fas7t=9.94, P<0.05), W/ 2D. 2E. W4, E/NRAFMEHLH LR, ALT
HAST Wb a4 5 MG —8, WK 2F. 2G. & IR Y] 7 (1 HE J4 & 0
g2, J—IPIESE T PD XY B A B E MRS EA .

2.4 PD X/PR AN GOS2/ATGL EFRZXHIFEM 5 ND A/NAAE, HFD 4/
N, ATGL & FF1 mRNA 3RIE T (P<0.05) , PD /MR Z )5, ATGL Rk
KF-_ETF (F=43.07, P<0.05) , WLE 2N, 2J. 2L. 5 ND 4AftL, HFD 4/ AT44 GOS2
HEA mRNA FERIEACTFH N, 1t PD HRIEACTHIET HFD 4 (F=17.75, P<0.05) , I
Kl 2M. 2N. 2K. W% 200 54 N IHC (Fif) 4etaff) GOS2 M&KiL, 5 ND 4Aftt, HFD

YHF2H 2R GOS2 [IiA3 N, PD 4 GOS2 #ik# HFD A/, LA 2 A.
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Fig.1 Metabolic parameters of mice in each group

A: Experimental setup and drug intervention; B: Body weight changes (n=8-16); C: Body
weight (n=5); D,E: OGTT and AUC (n=5); F,G: ITT and AUC (n=5); H,I: Liver weight and LW/BW
(n=5); J,K:serum TC and TG(n=5); L:Food intake in the two groups;#*P<0.05, #P< 0.01 vs ND

group; "P< 0.05, ""P< 0.01 vS HFD group.
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Fig.2 Mechanistic study of PD in alleviating NAFLD induced by HFD in mice

A: Representative images of liver tissue, representative images of HE staining (blue arrows: inflammatory
cell infiltration) and G0S2-positive cell IHC staining (>200, n=6); B: Quantitative evaluation of liver fat vacuole
area(n=3); C: Quantitative evaluation of inflammatory cell count(n=3); D, E: serum AST and ALT(n=5); F, G:
liver tissue AST and ALT(n=5); H, I: liver tissue TC and TG (n=5) ; J, K: ATGL and G0S2 mRNA
expression(n=4); L, M, N: ATGL and GOS2 protein expression(n=3) ; #P<0.05, #*P< 0.01 vS ND group;

*P< 0.05, **P< 0.01 vS HFD group.

2.5 PD X HepG2 4y /1R  CCK-8 iL4aill PD X} HepG2 Alffi% s, 455 &
7~, PD #BE<40 wmol/L X HepG2 41 s /1% A 520 (P>0.05) , LK 3A. 3B. K
3C iR, TEPARGFRIEHIGFE 48 h )5, HepG2 41MiG /1 FFE (P<0.01) . M THiAIA,
80 umol/L PD 4bFEZH HepG2 ZHMLE /1B#% (P<0.01) . ik, fEFTA ML+, PD K
W 558 0~40 pmol/L.

2.6 PD Xf HepG2 40 AR A B 41 O Yl =W, PD nl LAk/b PA 5 T/ HepG2

AR SRR (P<0.01) , VLK 3D. 3E. 4ifu )it FigEwith TC. TG & &b



(P<0.05) , WK 4A. 4B. 4E. 4F. LiEWssa s iemm4ein (P<0.05) , I

K] 4C. PD HI4rF LK 4D.

3 PD X PA #3H) HepG2 4NffisBiAR RIS (n=6)
Fig.3 The effects of PD on PA-induced lipid accumulation in HepG2 cells (=6)
A-C: HepG2 cell viability; D: Oil Red O staining X 200; E:Quantitative analysis; #*P<0.05, #*P< 0.01 VS

Con group; “P< 0.05, ""P< 0.01 VS Model group.

2.7 PD X} HepG2 4 i GOS2/ATGL ZEFREKIFW 5 Con HELK, Model £ HepG2
YA GOS2 1) mRNA FIE [ARIZ/KF T+ (P<0.05) , i ATGL ff) mRNA I (13K IAK
P R B#& (P<0.05) . 5 Model ZHAHEL, PD 41 (10~40 1 mol/L) HepG2 4l ffl GOS2 f¥] mRNA
R A RIEAKFH FTf#(% (F=29.66, P<0.05) , Ifi ATGL ] mRNA & AR KF A B

Whn (F=20.13, P<0.05) , WA 4G-4K.



B 4 PD Zf# PA B HepG2 AR RMAHBIR (1=6)

Fig.4 Mechanistic study of PD in alleviating PA-induced lipid accumulation in HepG2 cells (/7=6)

A,C: Changes in TG, TC, and NEFA in the supernatant; D: The molecular structure of Polydatin; E,F: TG
and TC within cells; G,H: mRNA expression levels of ATGL and G0S2 in cells; 1-K: Protein expression levels of

ATGL and G0S2 in cells; #P<0.05, #*P< 0.01 VS Con group; “P< 0.05, *"P< 0.01 VS Model group.

2.8 GOS2 # %G PD X} HepG2 iR R BRI M 4L GOS2 siRNA 24 h J5 1)
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Fig.5 The effects of GOS2 siRNA transfection on PD's alleviation of PA-induced lipid accumulation in
HepG2 cells (n=6)
A:Qil Red O staining X200; B:Quantitative analysis; C-E:The effects of G0S2 siRNA transfection on
Polydatin's regulation of ATGL and G0S2 protein expression levels in cells; #P<0.05, #P< 0.01 vS Con group;

*P< 0.05, **P< 0.01 vS Model group; “2P< 0.01 vssi-Con group.
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