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SOD % CAT K., FF£a%% Nrf2 HO-1 Bcl-2 & ik K-F B4 (P<0.05),TG.TC % FFA K-F . FF3#4 ALT & AST KF ., ©iF
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ABSTRACT Objective: To investigate the effects of pterostilbene on oxidative stress and apoptosis in nonalcoholic fatty liver
disease (NAFLD) rats by regulating Kelch-like ECH-associated protein 1 (Keap-1)/nuclear factor E2-related factor 2 (Nrf2)/heme
oxygenase-1 (HO-1) signaling pathway. Methods: 60 SD rats were randomly divided into control group, model group, pterostilbene
low-dose group (30 mg/kg), pterostilbene high-dose group (60 mg/kg), pterostilbene (60 mg/kg)+N-(4-(2,3-dihydro-1-(2'-methylbenzoyl)
-1H-indole-5-yl)-5-methyl-2-thiazolyl)-1,3-benzodioxazol-5-acetamide (ML385) (30 mg/kg) group, with 12 rats in each group. Rats in
model group and drug intervention group were fed with high-fat diet to induce NAFLD model, and rats in control group were fed with
normal diet, each group was continuously fed for 12 weeks. 14 days after treatment with pterostilbene and ML385 groups (control group
was treated with the same dose of normal saline), the lipid metabolism indexes [triglyceride (TG), total cholesterol (TC) and free fatty
acid (FFA) levels], liver index, liver function indexes [alanine aminotransferase (ALT) and aspartate aminotransferase (AST)] levels,

serum interleukin (IL)-17, IL-6, IL-10, oxidative stress indexes [malondialdehyde (MDA), superoxide dismutase (SOD) and catalase
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(CAT)] levels were detected in each group. The apoptosis rate of hepatocytes in each group were detected by in situ end labeling method
(TUNEL) staining. The expression of apoptosis-related proteins and Keap-1/Nrf2/HO-1 pathway-related proteins in liver tissue of rats in
each group were detected by western blotting. Results: Compared with control group, the levels of serum IL-10, SOD and CAT, the
expression levels of Nrf2, HO-1 and Bcl-2 in liver tissue of rats in model group were significantly decreased (P<0.05), and the levels of
TG, TC and FFA, liver index, ALT and AST levels, serum IL-17, IL-6, MDA levels, hepatocyte apoptosis rate, liver tissue Keap-1 and
Bax expression levels were significantly increased (P<0.05). Compared with model group, the levels of serum IL-10, SOD and CAT, the
expression levels of Nrf2, HO-1 and Bcl-2 in liver tissue of rats in pterostilbene low and high dose groups were increased (P<0.05), and
the levels of TG, TC and FFA, liver index, ALT and AST, serum IL-17, IL-6, MDA, hepatocyte apoptosis rate, the expression levels of
Keap-1 and Bax in liver tissue were decreased (P<0.05). Compared with pterostilbene low-dose group, the levels of serum IL-10, SOD
and CAT, and the expression levels of Nrf2, HO-1 and Bcl-2 in liver tissue were increased in pterostilbene high-dose group (P<0.05), and
the levels of TG, TC and FFA, liver index, ALT and AST, serum IL-17, IL-6, MDA, hepatocyte apoptosis rate, and the expression levels
of Keap-1 and Bax in liver tissue were decreased (P<0.05). Compared with pterostilbene high-dose group, the levels of serum IL-10,
SOD and CAT, and the expression levels of Nrf2, HO-1 and Bcl-2 in liver tissue of pterostilbene+ML385 group were decreased (P<0.05),
and the levels of TG, TC and FFA, liver index, ALT and AST, serum IL-17, IL-6, MDA, hepatocyte apoptosis rate, and liver tissue Bax
expression level were increased (P<0.05). Conclusion: Pterostilbene may improve lipid metabolism, regulate inflammatory response and
oxidative stress, and reduce hepatic steatosis and apoptosis in NAFLD rats by activating Keap-1/Nrf2/HO-1 signaling pathway.
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60 FUfitFE SD Mt R Bk P B2 R fe i, shitk
PEVFRIUES g SYXK H: 2019-0001, SPF 2%, 3474 6 JAlk 2247,
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N-(4-(2,3- =& -1-(2'- HI IR )-1H- 15| -5- 3 )-5-
R -2- mEmp i )-1,3- JRJF Ak -5- 2k (MIL385) (41 .
99%, 15 : M304758 )T~ g BT Hr T A= AR A7 BRA 7 5
LR EE BRI (418 . HPLC= 98%, 185 : SP9570) | JE{3 A B
189 (TUNEL ) 40 i 7 1A% I3 70) 65 (5% 5 : T2190) L K FL(IL)
-17 IR S AR R (ELISA )i & (585 : SEKR-0007 )t F
R FRHEARA R ;. KB IL-10 ELISA iK1 & (1845
ab214566) . K i IL-6 ELISA i 7] & (452 .ab100772) G VBt
Kl Keapl (485 :ab139729) —Ht S I HT KBl Nr2 (1R 5 .
ab137550)—4i IFEPIR R HO-1 —Hi(1745 :ab13243) g T35
[ Abcam 2] ; PN % (MDA ) K A & (525 : S0131S) (it
Sk 5 AL (SOD ) A6 i 5] £ (6% 5 : S0109) | 5k 48 £k & ity
(CAT) KARI& (152.:50051) . B HIREURRIE (152,
P0027) i it A AL B A i LU A BT — Bt (585 : A0208) . —
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FIHRGZRHE A RA R B ERKSFEMY (55 Mini
PROTEAN) {2 % YGEEIR B2 4L ( 15 Transilluminator ) i T
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1.3 ik
131 NAFLD X R#ERMBERHSA SF% CHk 9 #ar
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B EE R (AST ) KV T, BEPLIERRL 5 UK BUsrk b 58 f5 1
LS WD) R DEA TR BRAG I , 254 B U0 A T AR b R i
1/3 (14 JFF200 6 2 A B T 75 1 , 7T 4052 NAFLD BRI 57 pl oy , 3
PRI ERA 48 L A FLREHL > A AR 2 | S48 RS 4 (30
mg/kg) . HRERNIEA (60 mgkg), EME (60 mgkg)
+ML385 (30 mg/kg) , B4 12 K, FHL 12 HAgtE SD Atk
B, AL ] s DA S AR R 12 J8] VR X B

LEHE L) SR (DMSO)IA R BC i 4 30 mg/mL ffik
W SRIG LAZE /KM Bl 3.6 mg/mL 1 257%™, ML385 LA
FHER K ¥ f#EC 4 3 mg/mL A 253 1, S R +MIL385 4
KEFEE 10 mL/kg 1Y 6 mg/mL [)2eH8 (26530, ] I 0 v )
10 mL/kg /) Nrf2/HO-1 {5 54l 5] ML385 253y ; 4848 (A% . =
2R IHE E 10 mL/kg 19 3.6 mg/mL (Y4648 FE25K
[ s A Js 4 10 mL/kg AOARBRER K s X HE A S5 A0 4 K R
B 10 mL/kg 1] 20% DMSO ¥, [FI I 399 10 mL/kg 94
FHERIK BERZA 2 1 IR AR BIT 14 d,
1.3.2 XKEAFIhEE . A AFEEMEM A4 RRTH 14 RS
245 24 h, FEATIRREEALBE (WA 21k ) , SR K RFEh kil 2 mL,
S8y WA o e —(nff F 4 F Sl AR AR BTG s R I
FEPR[=WE H W (TG) LB AR EE(TC) (57 25 8 W7 R (FFA) 1K -
KU REFEHR L A (ALT) 5 RE & (AST) K 7
RFEFF KM 1.2 mL, 2.0(500xg . 4°C )10 min J5 K I35 47
TE -80°C UKAR & FH 5 DU S K U S5 Wi Sk A 3T, I BBURFIE
MEHER, EFRE = FIEE (o) AFERIEE (g)x
100%; A R AR A BUE I IFIE L85 49 0.4 g AFHEL, AR
HEEBOAFR S A% .0 JE , L BCA kil FiEh BN
WRE MR 2 SR A R R R B R AR A
-SOCUKA s o A R BRI A 0 A R 4 85 e 1 8
BHE Y e
133 ARMBFXRER L EEXEFRERM K132
oy — O I TE AR AR SRR IO | BT 4 C URml, SRR & i

ELISA 52 55 Il &% 3 b 286 7 (9 48 g A 3 IL-17 IL-6,
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2 JA & R UL ST
134 XBRAFABATEN K 132 higb) A f@nriut =
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F L SR S AUBE ST A i A 2 0, b SR AR R A € 1Y
AT AIAE, SRR 6 ASMEF 512 H Tmage T #4453 i158
JFAR M T, A T = PR TR/ AR E< 100%.
135 EAREN T ERNMARFALATEAR
Keap-1/Nrf2/HO-1 BEEE A RIE  #% 1.3.2 HFHLUE A
SRR, BT 4 CURRl, AR S HEAT R IK , 38 0 W S
SrEER RS BAEIRAFAENR I, FRE EACT H WA E Bel-2 Bax,
Keap-1 Nrf2 HO-1.B-actin, DA i A5 W3 53 (5t i 4385 5% ) B |
PE — P (B 1:2000) PRIk & — 40 (R BEHL 4]
J1:1000) PR Ab2E R R R AR B AR EUR 15
Image J 303 M AR FURBEE, #7801 HE 15 B A X &
KK
1.4 ZitZ5Hh

Pk GraphPad Prism 8.0 X -5F S BUE AT 4010 br . 31
0 PO F B B bRl 22 (s ) A SR, BIZRLIN] AR t
Ky, 2220 ] LU A BEA T SR 28 07 25 4307 , G L 384T LSD-t K
5. P<0.05 RRERAGIFE L.

2 &R

2.1 Z4EE3T NAFLD X RASHK 1§00

5%F A A L BT H K fRUMLYE TG TC \FFA /K i & Tt
1 (P<<0.05); L AR 20 A L , 048 e AR | o 7)o 4 K B ¥
TG .TC .FFA 7K V-3 REAIK (P<0.05); 5 4848 FEAIRI i L AR
SR T B ) 2 K BT TG TC  FFA /KRR (P<0.05); 5
SRS A AL, SR +ML385 41 K R M35 TG.TC,
FFA 7K EFHE (P<0.05), W31,

x| FAKRRME TG, TC.FFA K Fx Lk (x5 ,0=12)
Table 1 Comparison of serum TG, TC and FFA levels in each group of rats( x+s,n=12)

Groups TG(mmol/L) TC(mmol/L) FFA(mmol/L)
Control group 1.36+0.08 1.05+0.06 0.49+0.07
Model group 3.25+0.24* 2.96+0.17* 1.62+0.15°
Pterostilbene Low-dose group 2.40+0.18*® 2.08+0.14* 1.03+0.08*
Pterostilbene High-dose group 1.48+0.13 1.22+0.11% 0.44+0.06*
Pterostilbene+ML385 group 3.03+0.29* 2.88+0.20* 1.51+0.12*
F 51.352 64.318 58.941
P <0.001 <<0.001 <<0.001

Note: Compare with control group, *P<<0.05. Compare with model group, °P<<0.05. Compare with pterostilbene low-dose group, °P<<0.05. Compare with

pterostilbene high-dose group, ‘P<<0.05.

2.2 ZHEEX NAFLD X RBF4E5K AT Th REH =20

550 HELLAH L, SR ZH R BRI FE B ML ALT AST /K-
BFETHE (P<0.05); HBIRILA LE , S0 HE PG | i 70 £ 2 KR
JHEROZ ML ALT AST /KRR (P<0.05) 5 5 SAR AR

AL, SRR ) B 2R U RO L ALT \AST 7K
AR (P<<0.05); 55 SHE R Rl B LA L, S0HE R +MIL38S 41K
BUMHE RO M3 ALT (AST ZK-F- TR (P<<0.05) . WL 2.
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2 BFEKXRAHEH R MBI EEEFR K EIF L (x5 ,n=12)

Table 2 Comparison of liver index and serum liver function indexes of rats in each group(x+s ,n=12)

Groups Liver index(%) ALT(U/L) AST(U/L)
Control group 2.24+0.13 28.96+5.63 64.75+7.69
Model group 3.56+0.18° 65.02+8.92° 98.52+14.71*
Pterostilbene low-dose group 2.95+0.11* 50.27+6.45" 84.06+12.83%
Pterostilbene High-dose group 2.37+0.07% 36.05+5.71% 74.43+9.62%
Pterostilbene+ML385 group 3.49+0.14* 62.84+7.26™ 94.18+15.24*
F 54.378 24.745 38.356
P <<0.001 <<0.001 <<0.001

Note: Compare with control group, *P<<0.05. Compare with model group, °P<<0.05. Compare with pterostilbene low-dose group, “P<<0.05. Compare with
pterostilbene high-dose group, ‘P<<0.05.

2.3 SAEEXT NAFLD X RAFA LR HAE TSI HIREAR(P<0.05) ; 15 S FC I B 4LAR L , S G e B L
X BREAR L, B2 R PR TR 3 T (P< BUIFARML A TR AR (P<<0.05) ; 5 5018 i ) i 2 A L, 4048
0.05); S AR L, SEM RO AIE  mof R R RUIFAIAR A T2 6 +ML38S AR UMM T T+ (P<<0.05). WLE 135 3.

[ 1 TUNEL &4 NAFLD X iR BT 42 22 40 B T & 52 ( x200)
Fig. 1 TUNEL staining was used to detect apoptosis in liver tissue of NAFLD rats (x200)

Note: A: control group; B: model group; C: pterostilbene low-dose group; D: pterostilbene high-dose group; E: pterostilbene+ML385 group.

% 3 FAKXRIFMALETERIT L (2ss ,0=12)
Table 3 Comparison of hepatocyte apoptosis rate in each group( x+s,n=12)

Groups Apoptosis rate(%)
Control group 2.13+0.62
Model group 30.64+3.25°
Pterostilbene low-dose group 18.53+2.13*
Pterostilbene High-dose group 4.92+1.14%
Pterostilbene+ML385 group 28.15+2.68*
F 17.249
P <<0.001

Note: Compare with control group, *P<<0.05. Compare with model group, "P<<0.05.

Compare with pterostilbene low-dose group, °P<<0.05. Compare with
pterostilbene high-dose group, ‘P<<0.05.
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2.4 SEHEEEXT NAFLD kRS IL-17.0L-6 & IL-10 7k EH S
5|

X IRAAA LG, BERZH K B IL-10 ACEREL (P<
0.05),1L-17 . IL-6 7K FETFh i3 (P<0.05) ; 5 AR ZH AH [, 2848 1
% 4 R BUMLE TL-10 ZKSF34 7155 (P<<0.05),1L-17 IL-6

IR BIREAR(P<0.05) ; 5 4T FEAINHI AR He , SR P R
ZH R BT IL-10 KRR (P<<0.05),IL-17 IL-6 7K - &A%
(P<<0.05); 52008 EE S R 4 AH LE, 898 +MIL385 21 KRR
¥ TL-10 7KF J& A% (P<<0.05),IL-17 IL-6 /K E-F+ 5 (P<0.05).
L3R 4,

%4 BAKXRME IL-17,IL-6 & IL-10 7K F3F b ( x5,0=12)
Table 4 Comparison of serum IL-17, IL-6 and IL-10 levels in each group of rats( x+s,n=12)

Groups IL-17(pg/mL) IL-6(ng/mL) IL-10(pg/mL)

Control group 9.14+1.43 1.22+0.14 52.13+4.81

Model group 41.78+5.26° 13.04+1.62° 18.64+2.06*
Pterostilbene low-dose group 26.56+3.17® 7.26x1.43* 34.15+3.32®
Pterostilbene High-dose group 11.35+2.01 1.87+0.73% 45.82+5.03™

Pterostilbene+ML385 group
F

P

37.92+6.15*
19.326

<0.001

11.94+2.05*
57.468

<0.001

21.06+3.28*
25.289

<0.001

Note: Compare with control group, *P<<0.05. Compare with model group, "P<<0.05. Compare with pterostilbene low-dose group, °P<<0.05. Compare with

pterostilbene high-dose group, ‘P<<0.05.

2.5 ZHEEXT NAFLD X R I i S AY B 8 E F 7k SF B #2018
555t FRALAH Lb , 52 20 K R3S SOD \CAT K- it 25 e A1
(P<<0.05) ,MDA /K5 2 FH5 (P<0.05 ) ; SR AH LE , 5o
L. ERIEA R BRIMGG SOD . CAT K FEHFmE (P<0.05),
MDA FKF-HFEAR (P<0.05) ; 5 S ARG i AU AH L, S i

AR R RUME SOD CAT /KT (P<0.05) ,MDA /K-
FEAR(P<<0.05); 5 0 € i Al S 4L AH L, SRS +ML385 4K
FRUMYE SOD CAT /KFR#L (P<<0.05),MDA /KTt (P<
0.05), W% 5,

% 5 £AKXRME SOD.CAT B MDA 7k F X bk (w5 ,n=12)
Table 5 Comparison of serum SOD, CAT and MDA levels in each group of rats(x+s ,n=12)

Groups SOD(U/L) CAT(UL) MDA(nmol/L)
Control group 32.13+£3.45 18.49+1.87 10.87x1.52
Model group 9.24+1.36* 7.23+0.41° 39.26+4.36
Pterostilbene low-dose group 19.15+1.72%® 12.15+0.82* 27.54+3.24"

Pterostilbene High-dose group
Pterostilbene+ML385 group
F

P

28.02+2.65%
10.96+1.13*
62.347

<0.001

16.84+1.76%
9.31+0.86™
74.174

<0.001

13.13+1.67*
36.49+3.85*
69.825

<0.001

Note: Compare with control group, *P<<0.05. Compare with model group, "P<<0.05. Compare with pterostilbene low-dose group, ‘P<<0.05. Compare with

pterostilbene high-dose group, ‘P<<0.05.

2.6 EEEX NAFLD XK RAFTAL AT E /K Keap-1/Nrf2/
HO-1 i@ i E ARG

5%t LA L, R 2 R BUIFZH 4 Nrf2 \(HO-1 Bel-2 3k
IR B AL (P<<0.05) ,Keap-1 Bax ik /K- 2 T (P<
0.05), SAIRILAH LY , SR REAR | re AR ek 4 R BRUFZH 20 N2
HO-1,Bcl-2 kK FEH TR (P<0.05), JF414! Keap-1 Bax %
IRAF-BIFEAIL(P<0.05) ; 5 S48 FE AR S 2 AH H L 50400 6 5 71
4K RAFZL 20 Nrf2 HO-1 Bel-2 Fik K FEFHR (P<0.05),
Keap-1,Bax kKPR (P<0.05) ; 55040 i I I A1AH H
SR ML385 20 K FRUFZH 41 Nrf2 \HO-1 Bel-2 Rk KPP
R (P<<0.05),Keap-1 Fik/KFToHH B AL (P>0.05),Bax Fik

KT (P<0.05). TLFE 2.5 6.
3 3

3% [ NAFLD %95 545 85 , I B AK £ 25 # RS F4B A i
AR SLVEAE 1T, B G ELR A BRI R S T R T
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NAFLD {A57 254 2 PR FE B 5019, ARS8 1 i I Gk
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EE SR, ATB R BRI S, T AR KSR I & B B4
AT U YD R TR PR RS 13 0 S R 2 B
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PEVE B NAFLD KRR A B EhfiE, %22 NAFLD K
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Nrf2/HO-1 {553 B e MR R AL / a1 Ay 3222
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7, YR R IR I SR AY NAFLD /N Nrf2 AT HO-1 8 (1 3R35
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-, B/ NEUIF B 3% Keap-1 S Nrf2/HO-1 {553 #5114 171
PR T, TV H R EEOE Nif2/HO-1 {55, 3R HLIA S £ 4k
IO 37 1 e 20 1 A O = 1 A1 I
Keap-1/Nrf2/HO-1 {553 % 7] A& J& NAFLD I 7EIRI7 HE 05
AL R R NAFLD #5878 K FUF 441 Keap-1 3235 1A,
Nrf2 J¢ HO-1 FE A M, S0 AT 4% NAFLD KR

Bcl-2 WD - - - 26 kDa
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2 SR EN 46 & 4H K FRATE LA T & B & Keap-1/Nrf2/HO-1 &
BEXEARIE

Fig.2 Western blot was used to detect the expression of apoptotic proteins
and Keap-1/Nrf2/HO-1 pathway-related proteins in liver tissue of rats in
each group
Note: A: control group; B: model group; C: pterostilbene low-dose group;
D: pterostilbene high-dose group; E: pterostilbene+ML385 group.

* 6 FAKXRIFALATEAR Keap-UNif2/HO-1 BEEE BB RIZI b (w5 ,n=12)

Table 6 Comparison of relative expression of apoptotic protein and Keap-1/Nrf/HO-1 pathway protein in liver tissue of rats in each group(x+s,n=12)

Groups Bcl-2/B-actin Bax/B-actin Keap-1/B-actin Nrf2/B-actin HO-1/B-actin
Control group 0.93+0.11 0.31+0.03 0.17+£0.04 1.24+0.31 1.36+0.34
Model group 0.24+0.05* 0.85+0.12* 0.98+0.13* 0.16+0.02¢ 0.12+0.03*
Pterostilbene low-dose group 0.52+0.07* 0.61+0.06™ 0.60+0.12* 0.69+0.05® 0.74+0.09*
Pterostilbene High-dose group 0.86+0.14 0.35+0.05* 0.22+0.06* 1.18+0.11% 1.04+0.28*
Pterostilbene+ML385 group 0.29+0.06* 0.75+0.14* 0.25+0.05% 0.23+0.07* 0.19+0.05*
F 72.815 69.185 64.529 85.623 81.094
P <<0.001 <<0.001 <0.001 <<0.001 <<0.001

Note: Compare with control group, *P<<0.05. Compare with model group, "P<<0.05. Compare with pterostilbene low-dose group, °P<<0.05. Compare with
pterostilbene high-dose group, ‘P<<0.05.

HAEAES, KRB Keap-1/Nrf2/HO-1 {5538 #% AT A 5
% NAFLD K R 03 7 72, DL Nrf2/HO-1 135 538 B 30 41 31
ML385 55548 I A5 T HiAb B NAFLD KB, AT U85 2248 s Xt
KEUNR B B EH , B EE PR PR Thak, 45
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