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2 B W5 B HE 8 5 SIRT6/CREB/Nur77 {3 230 I A 5 40 i 8 7%
AR R 5 B 1 s /0N B A 52 i A AL ol

VbR, RE, WH, XNE, RER, KUGE, TEE, A5, KA
TFPEHBRE, M 110847)

[(WE] BB AR BT (GPs) 38 A 5 A0 OC g D7 1 9% (MAFLD ) /N BURF IR R B2 T B 19 155 00 S 0 7 T MLl . 7
i o AT Ll A B L PR A A R (CTD) i 1 8 i T 5408 P2 (STP) | 43 45 & B8 5 (BindingDB) K HIE s 190 46 K416 42
(TargetNet) iiii 3 GPs (1 = %2 1 1 A 43 B A A HE A0 5 38 ok A 2835 PR 7 0408 122 ( GeneCards ) B8 P2 ) I AH DG AT o, IR IO 3E 4
#0055, i 1] Cytoscape 3.9.0 R4 44 4 24 7 - 48 A5 -5 99 IO 8% i 06 A% 00 B 405 % 38 LB IR 2 11 B B X A BR (ApoE ™) /N KR 55 i MR 1)
# ST MAFLD /s B R AR 53 70 BB A | 38 485 B D) J B ML 43 o 5 AU A 280 R W 12 4 1K F) & 401 (GPs-L) 4 B i 2 1 o 71 ek 401
(GPs-H) &AM 7T 41,8 X CSTBL/6T /NEAE Jyas (AL, 25 ALSS T 0B Rk, oA & 4 s Mg i) R A 12 )] . 58 9 R T L&
GPs-L 2 .GPs-H 404354 1.49 .2.97 g-kg' - d' B , F AR AT 4135 2.275 mg-kg'-d', 45 4RSI 4 S5 AR/ B K o, 3%
408 . 4 A B A AR S BT ORI /N BN HIh =8 (TG) B8 I F B (TC) AR % B2 N8 28 1 AL B (LDL-C) | /& % J i 25 14 I [ i
(HDL-C) 7K 95 R 2 -1 (HE ) Y& (0 0 5 /I BUSF Lo RO 245 27 A8 Ak, 2T O Yo £ U2 /N BRUFF I B J5 190 B 00 o8 E0K 4 92 W% o
W5 2 (ELISA) K 2% 41 /15 BRUFFIUE TG (i 25 M8 107 B2 (NEFA) & 5t 5 %5 41 A6 A il m%ﬁﬂw%ﬁ6(SIRT6>$F|%%L7J<¥-1~H¢
PO 2 1 2R A 8 Bk 2 N (Real-time PCR) 15 Wes 42 H 3l 45 11 38 3K 43 17 & 48 43 B SIRT6/30 Wi 12 it 1 S v i 43 45 & 4R
(CREB)/MRJLE Z MR 1 77(Nur77 )15 558 it 5 40 M6 7= 40 56 3 T 5 28 11 7K 7 5 JRA A St 7% B il B i v (TUNEL ) % @*”{'ﬂllfﬂi
PTG 45 R LTk B GPs FE WG M A S B H Rb, AZ BT Rb, AZRBHFRI.ASET Rg,. }\%%trc-K g3

FLF XLIX (4 785 76 40 1) 35 ) 138 4, MAFLD %5 55 AH OG0 A5 11 134 4>, 2L [R) 40 45 120 4>, SIRT6 4% 0 #2455 4 7 W 4 45
m,Lz_‘uﬁab&c%Lﬁ SIRT6 HAT SR UM 45 & e 1 5 528 4L A B A 4] TC . TG .LDL-C /K ¥ i 3 Ft & , HDL- c*%%zr«‘*ﬂi
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2T 0 [ T R B 43 A, GRS BT UC AL B . TG NEFA & 5 3% |- 7H(P<0.01) ;SIRT6.CREB B 1k (p)-CREB Nur77.B 41 ig ik £
JR-2(Bcl-2) 8 5 mRNA F AL, Bel-2 M6 X 8 A (Bax) K -9 Caspase-9) JE K 2 Ff-3(Caspase-3) 8 5 mRNA %
B W THE (P<0.05,P<0.01) AT R BT . SRR i, AR & Gps 53R MIT A 25 T 15 , /Nl TC. TG .LDL-C /K
5B 2R, HDL-C /K- .25 T 15 (P<0.01) 5 JFIE AST (ALT % 2t 8 FRAK(P<0.01) ; Al AP A58 T 1E % BL25 10 5 08 s> S g
FRUURRI % ; TG NEFA & 2% FF&(P<0.01) ; SIRT6 .CREB .p-CREB . Nur77 .Bcl-2 7 145 mRNA 23k W] i 715 , Bax .Caspase-9 .,
Caspase-3 7 45 mRNA Fik I B (P<0.05,P<0.01) , AU T 50 A ok, s lin A2y TR Lo B % . &5k 4k
W R RS MAFLD /) R IEAE B LB i , 514 SIRT6/CREB/Nur77 {5 5l IR W M R 147 5.
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[ Abstract]
(GPs) on improving lipid deposition in the liver of metabolic-associated fatty liver disease (MAFLD) mice. Methods: By using

Objective: This paper aims to investigate the impact and underlying molecular mechanism of gypenosides

databases including the Comparative Toxicogenomics Database, SwissTargetPrediction, Binding Database Home, and TargetNet,
the main active components of GPs and their action targets were screened. Disease-related targets were obtained from the GeneCards
database. After obtaining the intersection targets, Cytoscape 3.9.0 software was used to construct a network of drug, target, and
diseases to screen core targets. Thirty-eight ApoE” mice were fed a high-fat diet to establish liver lipid deposition models of
MAFLD mice. After successful modeling, they were randomly divided into a model group, a low-dose GPs group (GPs-L), a high-
dose GPs group (GPs-H), and a simvastatin group. Eight C57BL/6J mice were used as the blank control group, which was given
normal feed. The mice in the remaining groups were fed with high-fat feed for 12 weeks. Starting from the ninth week, the mice in
the GPs-L group and the GPs-H group were gavaged with GPs at 1.49 g-kg™'-d™" and 2.97 g-kg™'-d™', respectively. The mice in the
simvastatin group were gavaged with simvastatin at 2.275 mg-kg'+d”', and those in the blank control group and the model group
were gavaged with the same volume of normal saline for a total of four weeks. The fully automatic biochemical analyzer was used to
detect triglycerides (TG) , total cholesterol (TC) , low-density lipoprotein cholesterol (LDL-C) , and high-density lipoprotein
cholesterol (HDL-C) in the serum of mice. Hematoxylin-eosin (HE) staining was used to observe the pathological morphological
changes of the liver in mice, and oil red O staining was used to observe the lipid deposition in the liver of mice. Enzyme-linked
immunosorbent assay (ELISA) was used to detect the contents of TG and non-esterified fatty acid (NEFA) in the livers of mice in
each group. The protein expression level of sirtuin (SIRT6) was detected by immunohistochemistry. The SIRT6/cAMP-response
element binding protein (CREB)/orphan nuclear receptor 77 (Nur77) signaling pathway, apoptosis-related genes, and protein
levels were analyzed by real-time polymerase chain reaction (Real-time PCR) and the Wes automated Western blot system.
Terminal deoxynucleotidyl transferase-mediated dUTP nick end labeling (TUNEL) staining was employed to detect cell apoptosis.
Results: A total of 138 potential target genes of the main active components of GPs, such as ginsenoside Rb,, ginsenoside Rb,,
ginsenoside Rd, ginsenoside Rg,, ginsenoside compound K, and gypenoside XLIX, are screened. There are 11 134 MAFLD-
related targets, with 120 common targets identified, among which SIRT6 is the core target. Molecular docking results show that the
above active components have a strong binding affinity with SIRT6. Compared with those in the blank control group, the levels of
TC, TG, and LDL-C in the model group are significantly increased, and the level of HDL-C is significantly decreased (P<0.01).
The contents of aspartate transferase (AST) and alanine aminotransferase (ALT) in the liver are increased (P<0.01). There are a
large number of fat vacuoles in hepatocytes, and orange-red lipid droplets are diffusely distributed, with obvious lipid deposition in
the liver. The contents of TG and NEFA are increased (P<0.01). The protein and mRNA expressions of SIRT6, CREB, P-CREB,
Nur77, and B-cell lymphoma 2 (Bcl-2) are decreased, while the protein and mRNA expressions of Bcl-2-associated X protein
(Bax), cysteine-aspartic protease-9 (Caspase-9), and Caspase-3 are increased (P<0.05, P<0.01). Extensive hepatocyte apoptosis
is observed. Compared with those in the model group, after intervention with different doses of GPs and simvastatin, the levels of
TC, TG, and LDL-C of mice in the GPs group and simvastatin group are significantly decreased, and the level of HDL-C is
significantly increased (P<0.01). The contents of AST and ALT in the liver are decreased (P<0.01). The morphology of hepatocytes
tends to be normal, with a decrease in vacuoles and lipid droplets, and the lipid deposition in the liver is alleviated. The contents of
TG and NEFA are decreased significantly (P<0.01). The protein and mRNA expressions of SIRT6, CREB, p-CREB, Nur77, and
Bcl-2 are increased, while the protein and mRNA expressions of Bax, Caspase-9, and Caspase-3 are decreased (P<0.05, P<0.01).
The condition of hepatocyte apoptosis shows significant improvement, and the intervention effect of high-dose administration is
particularly significant. Conclusion: GPs can improve lipid deposition in the liver of MAFLD mice, which is associated with the
regulation of the SIRT6/CREB/Nur77 signaling pathway and subsequent effects on cell apoptosis.

[Keywords] gypenoside; metabolic-associated fatty liver disease; sirtuin (SIRT6)/cAMP-response element binding protein
(CREB)/orphan nuclear receptor 77 (Nur77) signaling pathway; apoptosis
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KT g IR A RO . WS UE S B 5 Bl kA
. 2 .
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hREE RS NS =L E s E 2
Lo, BLA BUAS AR BE R T B B AR A M o A A A,
2R R (GPs) M o 4 B iR 1Y 32 206 M 4, g2
—RHEARERIFEMENIEY, S5 /N rF
A2 25 1 B — P A R R s SO RAE AR B, B
Z 0 S 2 iAW I ALE B A BB 1 AR
B BRI o FL BT R BR AR PR Bt
2 K0 B RR AR 3L 2 A 2 R M AR
AL AT AL B0 UE SE, GPs BE I F PR IK IR IR 2 A %
1 25 6 7R 1 E PR R (ApoE™) /N B i v il =
fig (TG) . & 0 [ B (TC) K% 2 i & A AR [
(LDL-C) /K, H G W & 259 R K I i . B8k
GPs 23 1ML JI§ 7K °F 5 B 16 MAFLD 1 25 %% © # 3F
T ABHALENA T 2 — LR R

UUERE 45 & 11 6 (SIRT6) P8 #4 A A 2%
B A AR E Ve R TR 8 A A R BE Y
UE S SIRT6 7 4k #5481 A A v R #E SC R A A, 3L )
AE P 9 AT SO L0 05 52 0 55 2 R w1
1% 8 0] 38 oS PR AR AL (B0 TG A /AR HE R
U7 18 S804k ) ok Bl 1k F JUE A J9 A5 £ . SIRT6 W] I i
PAWE TR B Y B VL 43 45 5 A (CREB) 1Y R ik, ik
— BN IOL Z R 77 (Nur77) (19 3%
TR, F 10 8 o N7 7 98 45 403 06 7, B2 i B0 1Y
KRR TR Al A IR T
T2, 0]t DNA 5145 5 57 B = 8300k 0 0355 4 il 2
A5 5 ik &, 1 107 98005 AH R A O T 38 % L NAFLD 19
K J 55 40 R 0 U TR OGRS
L, 2 F DL B 5, AT B R T GPs J2& 5 Af LA
i 32 94 15 SIRT6/CREB/Nur77 15 5 18 % 5% Wi 41 Jifo I
T, E 1M 2035 NAFLD /s BB B B DT A% I .
1 ##
1.1 zh¥ Sk H 38 H ApoE™” 3 [A & B /1N BN
8 H C57BL/6J B 4= #U/INFRL [ HEPE , SPF 4%, 44 i 5 (20+
2) gl BRI TRAEAYEARAGBRA AR, S IE
5 SYXK(1L)2024-0006, 325 sh#) i 5% 1L T p I
2 K 2F S5 B ) b o, 8BRS R 4 L O R (22+
1) °C AHXT 2 50%+5%, F AR I AW, A it &
K .
1.2 e AMRFECHRILTPEGRFELR
Y16 P2 D1 2 (L fES 21000042019090) .
1.3 Y KK GPs(PH % K FEAYRHEA RA
A, it 5 NF-201910, $2 Bk U5 R 28 Bk 5, 26 B2
93% ) s = AR AL TT CHIF VLI 1E 2500 1 03 A FRZ /L 45
H20010676, # #% 10 mg/F ) ; Hi Fi-Script DNA

Removal ¢cDNA Synthesis Kit, Ultra SYBR Mixture
(M2 AEYREARLA M-S 20K
CW2582 .CW2601) ; R EEE N I 1R 1E T B (BCA) &
P e B 0 R & (e M B0 7 2R W) B B A BR 2 A
it 5 20210425) ; TG . TC .LDL-C . & % J£ JIg & 1 1
[é] fi (HDL-C ) A5 3 570 &0 ( 115 5 12 Wkl 1A BR
7y A, 5 43 9 8 BHO16Z ., BHO17Z . BHO18Z .
BHO019Z) ; iiff 2 5 Wi iR (NEFA ) i 5 & (7 50 & il 4=
Y TR A BRA AL LS A042-2-1) ; IR AR ZFE -
ZI(HE) Yo o M 2T O et idsn & (b st K 3%
FHEA R )L 5 73 5 G1120.G1261) 5 TN 2 R
B o W (ALT) K 4 2 R 2 L 5% B 1 (AST) ik
) & (09138 5 A YRR R A BR A | it 5 43 5
90521037, 0721023) 5 /N B b 8 38 S8 I 1 - «
(TNF-a) i & ( 1 A A A R A AL i
YJ002095) ; SIRT6., CREB. # 2 1k (p) -CREB.
Nur77 . B 40 Jf ik [ 98 -2 (Bel-2) . Bel-2 4 ¢ X H
(Bax) . It K & 11 i -9 (Caspase-9) . )t X & 11 i -3
(Caspase-3) . V] % %l (cleaved ) -Caspase-9 PL {4 ( I iff
W E AR ARAA S S5 R
TN25725, T55426. T55043. TB2249. T40056.
T40051, T55782., T40044 . TA5240) ; B- )l & & A
(B-actin) . cleaved-Caspase-3 (i I = J& A= ¥ £ KA
BR S 7, 41543 51 66009-1-Ig . 19677-1-AP) ; i 3%
AR & (e AR RER A RA A #H S
ZN2939-EGO) ; J5 i 7K ¥ % % i b i %5 (TUNEL)
KAN&E(LBE S REDRHEARA A, S
C1098).

1.4 {¥ %% Thermo Scientific Multiskan FC %! it F1
% (f# & Thermo Scientific 2% 7 ) ; 7180 % 4> [ 5 4=
e A AL CH A< H 3723 7)) ; NanoDrop2000 24 8 73 5
Sy E G (3 PR ORI KRB A A
QuantStudio3 #! PCR " #% ¢ ( 3£ E Applied
Biosystems /A F] ) ; Wes & H 2 &R R L 7 R4
(Z£ [# Protein Simple A A] ) o

2 Ak

2.1 Gps W AENG T L4338 ) 5 (K 5 MAFLD %% i 4
MU E R CPs R T I 45 4 A Ak 2
43 AR HE B A SCHR R E HEH Y Gps TG MRS,
G iz T A R R A 4 B0 1 (CTD) i - 3
T A FE (STP) 43+ 45 45 #48 FE (BindingDB) J
I 05 ) 285 B 72 (TargetNet) HEAT Gps 35 7% 4 1l 43
AR S B, fE N KRR R R
(GeneCards) %< i FE [ 538 14 K 2 MAFLD %< 5 A1

. 3 .



XX B XX W
XXXX 4 XX A

HEXBAFZRS

Chinese Journal of Experimental Traditional Medical Formulae

Vol. XX ,No. XX
XX, XXXX

SCHE g o o A TR 3R R R R T
JE(STRING ) Flid FH 4 1 1 %% ¥ 2 (UniProt) X | i&
SEE bR AL b 3
2.2 Y- BN N4 K K MAFLD %90
H S H5 5 Gps 32 G P 40 VS A 0 S B sE 4 L 3R
15 L34S Gps e T MAFLD BY#0 5 . ¥ 259 -5
S A2 4§ 5§ A Cytoscape 3.9.0 2k 14 , #4 & Gps %
PE R/ 7 MAFLD A9 “ 259 - )8 43 - 30 0 X 4%, 1%
Honl fi Ak .
2.3 CTEMERC S AT EE OBIEASA
PyMOL %1 4, 5 b #0502 (1 o 08 T AR R IR 2 F1 40
F. F|H AutoDockTools-1.5.6 14, € L ik 5
ZAR K BRI 2 & 7 b e, Vina RIS 4T
P18, %538 34 Discovery Studio 3.5 # A4, i 28 X}
25 25 5 5 S R VR T o
24 W H K%Y ZEHAH 8 K C5TBL/6I /I
BRUZH A, SR FH R Rk R % o /0 BRUGE 7 M TR 1
J&i e M R o g Rl B 78.85% FE At AR L L0.15%
JIE [ 21% AR U7 )38 L ApoE™/INEL 8 Jil o Bl BIL %k X
6 H ApoE" /)N R 179 BE 24 P4 , HE %2 (0 &R FiF /)
- 455 g 2 LAk S/ M T B B AR 1 L T 4T O Y (e
NG RS RTINS A N S = T A |
MAFLD #5% 5 A8 ji oy o A%0 760 4 57 i 2 )5 8 32 K
ApoE™"/INBUBE AL 23 S A5 A 20 | ¢ A 1 o A1 751 e 4
(GPs-L) 2 i s 12 1 = 71 it 41 (GPs-H) 2 b 7T
A, A% 8 . AR IRE A AT W 25 ikt oh A
e BEA SCHk o 2 B GPs Y HL A, LA PR N 4
H 2 5 i 2 F i 30 ¢ GPs 415 93% AR 45 | i i
CN 5 h W I A 2 T AR 4T B30 1 45 8050 it B (E R D) 3T
B U B GPs-L 5 GPs-H 41 43 Bl 45 7 GPs 1.49.,
297 g-kg'-d' HEATHE B 4 4, F AT 4
2.275 mg-kg' - d'HE B AN FARMTT, SF AR A B AR
KMEE A A SR EL 4. KRG a5
12 hAR i SR ML FEZ 4 °C .3 000 remin” B0
15 min( B0 242 10 ecm) il £ 1L , -80 °CARFE, R
FH S5UME JBE A2 7 A B8 3h W e, R 4l IR IR 20 2, 5
o3 4% 22 5 W [, LR 1 4053348 )5 W AR Uk
515 2 -80 °CHMIKIR VKA PR A7 45 H
2.5 HA/NEUMYE Mg ACEI 2 4 [ s A
ARSI /N BRI 335 o TC . TG .LDL-C \HDL-C Fl i
IHE AST ALT & .
2.6 FHAUNEUFIEE S0 HE e BURE @
Ji 1 JHF 4 40 28 o o /K 2 B R A A R Y Ak
PR #0455 wm ¥D 17 HE e (8, B8 F W8S 4 21 4%
. 4 .

fE o ML O g 8 . FF A Bk TR U v 48 70% & B Ak
LML O Qe a5 Ik, AR R B R IF kiR i,
3RS WA T IE 42U B

2.7 BH/NEHFIE TG .NEFA K & 4E AT TNF-a 7K
PN E AR ) S T B A AR SO o

2.8 SCHF A6 E & R A BE X W (Real-time
PCR) K5l SIRT6/CREB/Nur77 {5 5 1 % Az 4 1= 4H 5%
HEH mRNA £k U A5y, JF2H 2B RNA &
TRIzol il $& B a1 J5 4% 108 5% sk 1l 0] & 0 BT 45 1
PEAE LA B cDNA. K i SYBR Green 3% #1719
B RV REF 95 °CHIAS 1 10 min; 95 °CAE P 15 s3E &
60 °C, 1 min, 40 MG . T LA X ik &, 25
E T Hr e R 2 o S IR 1 ) Pl b T
FERBARGBRA A 58 A B, 71 P 5 W 1.

x1 5lMF3

Table 1 Primer sequences

519 J¥51(5'-3") K 1 /bp
SIRT6 | CCCACAAAACATGACCGCC 126
Tif TTTGTCTAGCACGCAGGGTC
Nur77 | CGGCCCATTAGATGAGACCC 153
T iif TCATAAGTCTGGCTCGGGGA
Bcl-2 3 GAACTGGGGGAGGATTGTG 194
Tif GCATGCTGGGGCCATATAGT
Bax -9 GAACCATCATGGGCTGGACA 145
T if GTGAGGACTCCAGCCACAAA
Caspase-9 i GTGTTCCAGGGAAGATCAGGG 106

T it GAGGAAGGGCAGAAGTTCACAT
Caspase-3  |"Jlf TCTGACTGGAAAGCCGAAACTCT 209
i AAAGGGACTGGATGAACCACGAC
B-actin ¥ GGTCGTCGACAACGGCTC 117

T # ATTCCCACCATCACACCCTGG

2.9 ALK I SIRT6 24 (1 ik AW H &
TR B I B R WK A 2R T 0.3% Y EE L AR
A S W T PR PR D P ot AR AR ) B P 30 min. A
SPCIE R, 121 °C, 10 min, {47458 R £ ok 3 il
19 2% ph W, o & AT 10 mmol- LA R 4M , 4 1y
pH N 6.0, AEH5E 5 E A7 5 41l 2 1 35 B L Ak
PEAT—PHU(1:100) F1 =HL(1:1 000) WFF o K55
FME-LEMEL AL (SABC) L, 3,3 - FL ik
M (DAB) 1 0 J5 75 AR R X5 b 3 5, Ot B W 46
SIRT6 & [1 335 & £ , I H Imagel #1753 47 -

2.10  Wes & [ 3l & 1 K3k 70 B & G2 K il SIRT6/
CREB/Nur77 {5 538 i e I T-AH G R (3R 58 B
£ I 20 8L TS B 0 DU TE 75 (RIPA ) 24 fif W Hh i i
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BCA W&l & 85 Uk B2 o R T Wes 4 H 3l 5 1 &K ik
ST RGEHATEARN : B, — B TAE®R R
Antibody Diluent II i B¢ ¥ #% 156 9] 13 4k 75 L 191 P 1
SIRT6. p-CREB. CREB. Nur771, Bcl-2. Bax.
Caspase-9, Caspase-3 . B -actin (1: 100) . F£ f§ 7¢
2500 r-min B0 5 min( B0 18 em) , 5 ALK
W, Fr A 257 Y38 3 Compass for SW 4 AF UE47 Wi 1%
5 R 4E Compass for SW 3K {4 % 45 R i 47 iR . R
FH B-actin /i N S 86 11, DL a5 (410 X BEEAT bk 1
b o fdFH Imaged # A X H bR 8 KA S8 H &
AT IR BEAE 53 Hr, s A A X RS m=HirE A
WA TET AR/ 22 T I TR

2.11 TUNEL %% (6 10 20 Jfd 0 T2 45 80 I s 7Kk 1k
JE WA LY 7 &8 H KA E 3 & B
AT RN, DAB W €5, BH M 200 it 52 AR B e e £
212 Gty A SPSS 23.0 # f4 iE A7 K4 4
oM, LR R Uy + s Bk, HE B ED
3PN SIS o AR IEAS A3 A 0B R S R T
ZEO T, A BRI E A A A B 25 3R SR
FHAEZ B0k 5 < W6 41 (8] 25 5 b A Mann-Whitney U
K56, £ 41 1] 2% 5 L % H Kruskal-Wallis H & %,
P<0.05 WK K 25 A G5 L.

3 £R

3.1 GPs U TE IS M5 8 ) BE [ 5 MAFLD %2 5 42
MU i o CTD. STP, BindingDB } TargetNet
4B 0 P i o 1 GPs LI ME L A S AT RD,
ANZ B Rb, AZS R R AS B R, ASREAF
&Y K. 2 iR XLIX W 7e #m 3t H

2 GPs3f MAFLD & E/NR 175 M ASK FAIFM (x+s5,n=8)

138 i~ ; )\ GeneCards %< Ji F& R £ 3% & & & 15 2
MAFLD %9 A DG H0 5 11 1344,

3.2 GPs I Pkl 2> T 7 MAFLD (1 ¥ 55 5 6 6
GPs i PE 43 /5 #0555 MAFLD #H G 55 3 A
Venny V- 5 O 28 42 0 o, 19 B g FE L 1204, o
BRI EC 1.1%, 7 Gps 16 P B 4>+ T MAFLD /Y
TRTEAE P A, UL 1 ikt R B b

3.3 24y -R N - M4 Gps 3 TR A T T
MAFLD /) 76 7E A B8 A1 3k 120 4>, A4 8 0 2% ],
F ] GPs 7] fig il o 2 oy L 2 AN £ i I 52
MAFLD [ % 55 #F F2 , H b SIRT6 %5 HAth 8 1 3%
FAWE L EERH MO, TTREE &
HEFREAAERGZWERZ — 5T i Al
MAFLD #H ¢ SC#ik , 7 P8 8 21 3R £ F SIRT6 1F 4
A Al R 0 B8 R AT S S I E , DL R R
Tkt kL

3.4 AT EE B GPs 3 BIE M A4 B 5
g5 SIRT6 JEAT 43 F X 42, 85 e /R, 406 Pkl 4 5
FEAXEZRY S B B A8 <-6 keal-mol” (1 cal=
4.186 1) , AT R 43 5 45 B 1 A 45 i 1 S A
71, Horpr 5 SIRT6 2% Al J) fie =i 1 /2 AN 2 52 4T Rb,, L
85 S RSB A L

3.5 GPsXf MAFLD £ 51/N Bl 34 1fi i 7K 25 Ak 1
e 523 HA R BRAIZ TC . TG . LDL-C /K%
TS, HDL-C /K F- B 3 FE K (P<0.01) ;45 T GPs
T WG, SHRIY 5, GPs-L .GPs-H , = & 7T 4
TC.TG.LDL-C /K~F- i 3 B A% , HDL-C /K °F- & 3% Jt
= (P<0.01). W2,

Table 2 Influence of GPs on serum lipid levels of MAFLD model mice (x+s5,n=8) mmol-L"
25 51 4t /mg - kg TG TC LDL-C HDL-C
24 1.43+0.17 3.30+0.27 0.65+0.07 2.76+0.11
H IR 241 5.26+0.65 18.50+0.81> 3.24+0.317 0.57+0.07%
GPs-L#H 1490 3.75+0.43Y 15.24+0.73% 2.47+0.18" 0.72+0.05"
GPs-H 41 2970 2.84+0.25Y 12.38+1.03% 1.34+0.17" 0.91+0.10"
AR AT 41 2.275 2.24+0.22Y 9.47+0.71% 1.05+0.13% 0.92+0.08"

528 HA L VP<0.05,2P<0.01; SRR 4 s > P<0.05,7P<0.01( 3 3-% 8 [d])

3.6 GPs X MAFLD £ % /N il AST \ALT /K °F- 1 5%
W 525 (A AL AST ALT & i i % b
TI(P<0.01) ; %5 7 GPs T i J5 , 5 B A 41 L %%,
GPs-L .GPs-H . 2R Al 7T 41 AST \ALT % f& i 3 F [%
(P<0.01), WLF3.

3.7 GPs X MAFLD £ &1 /) 5 BE B 57 00 B 4% 2

M52 HE Y@ gh R BoR, 25 A A HE5 % 55, %
JEE R N N AN o o L T e o
Ji , HEZ 2L, ST P R B K R TR T B R 4
25T Pl 5 , GPs-L . GPs-H . ¢ At 77 41 B 28 il B 28
S ok HES A, B D A v B G e b,
T 005 ) AR, L 1, T oY
. 5 .
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%3 GPs3f MAFLD #E/NR AST ALT K FHIFM (x=s,n=8) Z3 14T A0 R UL DT AR B A TR 2 T D Bk

Table 3 Influence of GPs on levels of AST and ALT in MAFLD ﬁﬁjﬁi)fﬁ QI@;HEI ‘{rﬁ , ﬂ%ﬁi Eﬁ Eﬁi {@ﬁ@ ; é{ﬁ\%:F
modemie Sl BUR.GPs-L.GPs-H 3 R T 4L/ BUFFHERG 21 61
TN Wmeke AT - D 000 L L R L LR 2.
7S [ 4l 82.25+3.14 49.71+2.04 3.8 GPs %] MAFLD K% /I EUITIE TG . NEFA 7
o WIORRST 62 g 4 A ALILE BB AL TG NEFA &
GPs-L 41 1490 105.49+3.04" 70.85+1.88% BB TH(P<0.01): 4 T GPs THUS , S5 RAI4 1t
GPs-H# 2970 96.88+2.59" 61.95+2.00* #  GPs-L.GPs-H .= % fibh 7T 40 TG .NEFA 4 & i 2
FAR AT 4 2.275 93.94+1.83" 61.37+2.42% Tre(P<0.01), W34,

A4 BRI C.GPS-L 41 ;D.GPS-H 4 ; E. 2 A 7T 41 (/& 2-I- 5 TA])
El1 GPsxt MAFLD #2/NRAFAEA RS2 TR (G4 0, x400)
Fig. 1 Influence of GPs on morphological changes of liver tissue in MAFLD model mice (oil red O, x400)

B2 GPsXt MAFLD #% 21/ iR BT Bt 46 48 5 JR i

RSB R 0E (HE, x400)
Fig.2 Effect of GPs on lipid deposition in liver tissue of MAFLD model mice (HE, x400)

%4 GPs3f MAFLD # /R AFAE TG NEFA K FHIE M (x+s5,n=8)
Table 4 Influence of GPs on levels of liver TG and NEFA in MAFLD model mice (x+s,n=8)

215 Hl/mg- kg TG/mmol-L" NEFA/mmol- g TNF-a/ng-L"
25 H 4 0.59+0.07 0.170+0.006 485.72+18.13
2 1.68+0.11% 0.599+0.020’ 566.50+19.60%
GPs-L 4 1490 1.32+0.06" 0.500+0.019" 521.34+13.53%
GPs-H4 2970 1.12+0.08" 0.400+0.020" 498.05+19.62%
F AR AT 4 2.275 0.94+0.08" 0.381+0.200" 485.96+14.51%

3.9  GPsXf MAFLD # % /)N U I TNF-a 7K 254k
MIFZm 525 A I, B A 9 0E I TNF-a &
B E LFH(P<0.01) ;457 GPs T-Hil 5 , S AL [
%, GPs-L \GPs-H . XM T4l TNF-o % & 3% T %
(P<0.01). WLFk4.

3.10 GPs X} MAFLD #% % /]n i) T IF SIRT6/CREB/
Nur77 {5 5 i s J 08 T2 A0 ¢ & ] mRNA 3 35 1Y 52
M 5 a5 (4l b A, BB 4 SIRT6 . Nur77. Bel-2
mRNA % ik I 3% B ik (P<0.01) , Bax, Caspase-9 .
Caspase-3 mRNA &3k B & 75 (P<0.01) ; 5 BRI

. 6 .

b # , GPs-L 41 Bcl-2 mRNA % ik B & Tt &
(P<0.05),SIRT6 Nur77 . JC I % 2 FH & E T+
#, Bax,Caspase-9 mRNA 2 ik B & [ 1K (P<0.05),
Caspase-3 B G I & 22 (U TS SHEAY L
i, GPs-H, ¢ % th 7T 41 SIRT6 . Nur77 .. Bcl-2 mRNA
ik B W I & (P<0.05, P<0.01) ,
Caspase-3 mRNA F ik g # K (P<0.01), & 7 B 41
TR R E ., WES.
3.11 GPs X} MAFLD #% % /N B BiE SIRT6 & H %
KW R 525 T4l BRI AL SIRT6 K 11 K Gk

Bax . Caspase-9 .
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&5 GPs¥t MAFLD # 2/ R AFBE SIRT6/CREB/Nur77 {5 S i@ B R A T-# X E EH mRNA KX K PRFIE (x+5,1=3)

Table 5
MAFLD model mice (X+s,n=3)

Effect of GPs on mRNA expression levels of SIRT6/CREB/Nur77 signaling pathway and apoptosis-related genes in liver of

205 i /mg - kg SIRT6 Nur77 Bel-2 Bax Caspase-9 Caspase-3
SHUA 1.00£0.05 1.00£0.09 1.01+0.18 1.03+0.28 1.06+0.46 1.0040.10
TR 4] 0.23£0.12% 0.14+0.05> 0.24+0.12% 4.78+0.13% 4.72+1.467 3.76+0.73%
GPs-L 41 1490 0.29+0.06 0.19+0.03 0.70+0.07> 3.95+0.219 1.97+0.41> 2.87+0.30
GPs-H4{ 2970 0.49+0.02% 0.77+0.13% 0.72+0.06" 1.73+0.26" 1.48+0.319 1.39+0.15%
F AT 2 2.275 0.93£0.11% 1.1420.14% 0.60+0.08" 1.18+0.13% 0.97£0.36" 1.16£0.63

W T IH(P<0.01) ; 5HBIAYL AL, GPs-L . GPs-H .
F A AT 41 SIRT6 45 11 3R 35 F i (P<0.01) , i 7] &
TR R, LR 6 K 3.

% 6 GPsXf MAFLD #= B/ R BT A SIRT6 = A R &K FHI
(x+s,n=3)

Table 6 Effect of GPs on expression of SIRT6 protein in liver of
MAFLD model mice (x+s,n=3)

215 il /mg kg SIRT6
Rk 0.16+0.01
R 4] 0.07+0.01>
GPs-L 41 1490 0.11+0.01*
GPs-H 41 2970 0.12+0.01"
F kAT 41 2.275 0.15+0.01"

3.12 GPs X} MAFLD # &l /N §{ i E SIRT6/CREB/

Nur7 755 B X T A OCHE R 521
ZH 48, B ZH SIRT6 . CREB . p-CREB Nur77.Bcl-2
A £ IR B E T (P<0.01),Bax . cleaved-Caspase-9/
Caspase-9. cleaved-Caspase-3/Caspase-3 3¢ 15 B i F+
1 (P<0.05,P<0.01) ; 5 A4 14, GPs-L 41 SIRT6 .
p-CREB # [1 3% ik W] & 7t = (P<0.05) , CREB \Nur77,
Bel-2 BIC I 3 25 HH 2 F A H Bax S R IAW
B Mk (P<0.05)

cleaved-Caspase-9/Caspase-9.

cleaved-Caspase-3/Caspase-3 it JC I 3% 22 - (H 5 T %
G SRR B, GPs-H 4L 3 R Aib 7T 41 SIRTG,
CREB. p-CREB. Nur77, Bel-2 5 A % i& W & T+ &
(P<0.05,P<0.01),Bax.cleaved-Caspase-9/Caspase-9 .,
cleaved-Caspase-3/Caspase-3 # ik i Z L (P<0.01),
H GPs-M 4T BRCRE 2, WK 7 & 4.

B3 GPsXt MAFLD #£ 2/ R AT BE SIRT6 B A R &K FHZM (FAE411L, x400)

Fig.3 Effect of GPs on expression of SIRT6 protein in liver of MAFLD model mice (IHC, x400)

%7 GPs¥f MAFLD #%Z /G AT A SIRT6/CREB/Nur77 5 S BB R AT HABEARIZHHME (3+5,n=3)

Table 7 Effect of GPs on SIRT6/CREB/Nur77 signaling pathway and expression of apoptosis-related proteins in liver of MAFLD model

mice (Xx+s5,n=3)

L 7 b SIRT6 p-CREB/ CREB Nur77 Bel-2 Bax cleaved-Caspase-9 cleaved-Caspase-3
. /mg kg /B-actin B-actin /B-actin /B-actin /B-actin /B-actin /Caspase-9 /Caspase-3
2 H4 1.16£0.08  1.07+0.08  1.16+0.05  0.64+0.07  0.99£0.11  0.33+0.04 0.58+0.17 0.56+0.07
IR 2 0.70+0.07 0.62+0.10> 0.26+0.11% 0.30+0.03% 0.26+0.21 1.03+0.02” 1.02+0.03” 0.98+0.06"
GPs-L 4 1490 0.98+0.16" 0.87+0.07°) 0.37+0.16  0.41+0.06  0.37+0.30  0.78+0.07> 0.86+0.09 0.83+0.09
GPs-H4 2970 1.1240.05” 1.02+£0.04" 0.74+0.15” 0.56+0.02” 0.74+0.07°  0.70+0.10" 0.70+0.03" 0.68+0.07"
ERARIT A 2275 1.15+0.11° 1.02+0.08" 0.89+0.10" 0.60+0.07" 0.89+0.06" 0.65+0.09" 0.56+0.04" 0.61+0.07"

3.13  GPs Xf MAFLD # 2 /)v BUTF 40 g 94 1 49 52
Wi DR AR G R S R U T A A B TR AR
. EHAMNKL D REER T, SE AR
A R ZH R T AN N P S 22 B b v A

(P<0.01); & %525 TG, 5B 4 L%, GPs-L,
GPs-H .= R AL 7T 20 AT 40 98 7~ 17 100 B b el 3 , FH P
T AR e 208 0 (P<0.01) , H GPs-M 4 .GPs-H 415 &
B SR/ | 0N A RV S B U N ST

. 7 .
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SIRT6 M e e S —

39 kDa

p-CREB B S B B e 46k

CREB W WSS w40 kDa

Nur77 ! — = . . 65 kDa

Bcl2 ! S— e R 26 kDa

Bax e N — ——-— ) ),

Caspase-9 - . - i _— 6Da
cleaved Caspase-9 =~ - — - g5,
Caspase-3 " [ N SN s 19 kDa

cleaved Caspase-3 “ - B s  17-25kDa

Aractin s — —
A B C D E
E 4 GPs%t MAFLD #% 2/ iR AT fif SIRT6/CREB/Nur77 {5 S i %
RATHXEARIEBK
Fig. 4 GPs electrophoresis of SIRT6/CREB/Nur77 signal

42 kDa

pathway and expression of apoptosis-related proteins in liver of

MAFLD model mice

%8 GPs3f MAFLD & EU/NRAFAMATHBRAOFME (X£5,n=3)
Table 8 Influence of GPs on hepatocyte apoptosis in MAFLD

model mice (x+5,7=3)

251 Fl 4 /mg- kg S e R %
S| 23.18+0.77
AT 2 54.08+2.40%
GPs-L 2 1490 42.06+1.56"
GPs-H 241 2970 33.23+2.23"
FEA AT 2.275 23.92+2.58"
4 iFig

MAFLD & 552 EFF,2018 4238 [l MAFLD
B R RN 32.9%, 5 20 tH 22 9] (23.8% ) A EL 38 fin T
9.1%, J2 AL T AR A E KPR, B Al s A
JHF MAFLD BYRF 2697 7, (835 5 45 2 AL Rt
g5 CHELRE 2 ZR0O0E J s e LR ) B3R 9T , MAFLD A9 4%
SEIRIT IR AR F & P 2 28 S 2R

JF B LA A I B 45 Y B P 48 - A
)RR B 2RI AR B - U T AR
BRI, R TN E 07 o8 5 R2ZA is ok
ARG, Y s KA RS R A E Ak, St A Ak
Z R KA BE S BLIR | 2R A e [ R T I 4%, 2
MAFLD JE 1) 298 R AL . A% 5 v 245 4 S Bl 2
PRIUZH L F) 7 (& F)S ZL200710010845.9) AL 4 5
TR Z—  BA 5 AR AR Z T, GPs
S L AR R WA U Ay, T E S B A T R AR
R S R 45 2R A R P MAFLD i Bt e
SR, BT MAFLD & 9% LI 9 & 2 M, GPs T 1
MAFLD W {E Hig et BA 2R R T HHLS]
RN 25302 8h 2 S BT R — 2B A TR oE . IR
HFT ST 2 B, GPs AT LU o 845 i 105 1 A ik 12
A EE ApoE /N BUIFIE g 5 [0 ARV B0 5 i i 7K °F-
A AL MAFLD i e, A58 45 B 96 0F 13X —
ML GPs HRUUGE T R 5 5 1 MAFLD /) BRUY
I B8 7K T REFE bR R AR 5 A5 K 5 RE K2R 1) 155
T, Lok ol i 3 25k SR S B S A R R AN G R L ]
I, A 5% X GPs 3 2236 M B 43 15 76 4 R S &
MAFLD #H ¢ 8 5 F 47 7 0 1 , 3% F 90 $b 50 B Fn
MAFLD 5 SCHik , 45 & MAFLD () 3 B 21 A4 #AL
il (L4 JFF i o A 36 25 6L B 5 220K L R E L I 44
JHT25) B AL T SIRTO ME N 5 A Al B AZ% O B8 kAT
JE L9 AE I 5 F X HHERRBUE T GPs 32 206 7E i
5355 SIRT6 (158 ZU45 5 68 /1 , % W SIRT6 A GE /& GPs
FHIMAFLD () YA AT

Sirtuins & — 2 5 BE AR ST B9 NAD R E 25 2 T
PR S, 2 A0 AR 0 A% 0 TR 4 2 LR TR B B
SIRT6 %94 HIE 5 ] 4% il 54018 L 59 I DNA B & 4H 3¢
()32 FE R ) 5 o 3T 3 AR 9 5 W AR P e
kP FE SR AR A ZE MAFLD ot €
SR DA 3 055 B R B AR Ak R AE B R Ak N A
2 R RS I MAFLD 4 % A 2 i 2 SIRT6 il 2k
A AR ARG RE W H T = T B M i 1) B St 356 1 | AR R

B 5 GPsxf MAFLD 1% /)\ iR BT 40 B T 15 R B9 820 (TUNEL, x400)

Fig. 5 Influence of GPs on hepatocyte apoptosis in MAFLD model mice (TUNEL, x400)
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U F 3 o R SRR 5 B AR . AR AE IR R A
AU JH 20 2 rh SIRT6 3k 5 % T i , GPs g % i 7%
SIRT6 [fik#eik . SIRT6 Al LAiGfL CREB, Ifif Nur77 [#)
PRS2 5% LT CREB B8 £, 13 b i 2 L1 22 LA
A Hh ke g A AR T (HAE MAFLD H i i 4%
BLUA ff it — R R Nur77 o] AE A — Rl K
S TR A 1) 27 S PR 1 R A AE R RV 25 Rl AR W R A4
RN EAI BRI 7R SRR DR IR /N
mg B Nur77 23 34 fn g & % #K e IE g 7 22 v Fn
SREBP1 &1k, Miid ik Nur77 &8> FFIE TG A9
S0V, AW R, SRR AR AN ) i GPs
T i i 4148 CREB .p-CREB % /K F |14, SIRT6
Nur77 mRNA K& & [ /K- 4 , 3k B SIRT6/CREB/
Nur77 {553 % £ MAFLD Hhnf fig HAT 245, GPs
A LA OZ LA

1% 52 A Nur7 7 38 28 XUE AL ] ] 42 4 R g T ol 2
FERE SFKF I, Hoad 36k m] B 35 ] Bax FEH %5k, [A]
A E Bel-2 B PR 4% 5325 76 B8 IS KO- Nur 77 BE i
KGR AL, SRR EAY Bel-2 A BELE S 5
S HAY G R G T 8 A S AR PR T AR
Oy F HE I fi & 2 BLAR AN 3R C R B . fE
AR AR T A O TR T Bax 5 Bel-2 ik
A PT LRL AR B TR B €5 2R C SR PR T A BT
1% Caspase 2K 2 I, PN IR 9] T2 38 % B9 A2 4 PR
Caspase-9, Ji 3l 1i# {5 %5 , Caspase-3 WIAE A T UiERU
K, 51 & 4 A J 1A B L BHL A% DNA 3 7348 &2 IF i 38
20 45 F 5 A L K Sl A0 B T R TR 3T i
W5 & . GPsXF ApoE™/INEU A T T AR A el 354
FHPE KBTI T AL AR5 i — 2B R 2T
UG, P T F Bel-2 ik Tk, R A4 08 72 B 7
Bax.Caspase-9.Caspase-3 i) £ ik A%, #E7~ Gps 7] GE
i 127 SIRT6/CREB/Nur77 15 3 # 5% W 4 JfL 95 7,
MM 2% MAFLD /N U RS T TR IR L

BT DL EWRSE, A PR EIIA S GPs W] BE 3 1 5 e
21 O T DR B 5 O AR F T B B MAFLD,
Y F ML AT fiE 5 SIRT6/CREB/Nur77 5 5 i % A
Ko Ja B IOR R AE BARBLE , I 7E A4 Sh 52 56 o
T8k o M AN A B M A A R Z AL, 0 GPs 5
SIRT6 1Y 1 # A HI OC FATh 5 R R 1 1 4 45 A A OG5
5 [ 40 3% 1H 45 B - R L3R (SPR) | 41 M #4067 8 43 B
(CETSA) | 7 LAt — 2 3E 5L, i J ApoE™ /)N Bl 1 IR
TR F HE MAFLD A5 B B R 1 S8 vl A7 (A AR 7 —
Jry B | A Sfe oK Ay % 2R HC Al 3 PR T e A A AR
TTBR5E o WEFEHLEN UL 38 ot W BEE A et .
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