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HWE B Rt AR R 2 SR F R K AT EEA R 45 40 R SD K RIEASH A aF 2L (R AR A
2P 3K ) AR L (SRR A 3R 3K ) PTE 48(25 mg / kg) A= PTE + EX 527 28(25,5 mg/ kg), % 10 R & K KM 24 10° CFU
KIGAFH A LR E L E IR E KRR, AT 30 min, SR KB EHAE SR ARE K ERSEF6h Bn 1 k,E48
WIE 24 ho AN - FLL(HE) 2 & , MA R KIFALBREH AT R A8 A ERN X R o F T damatisSe(ALT) R
A R B R IR B B (AST) 221 & (BiL) K ; 5K A B 5% 5 9% R IR X348 (ELISA ) i 46 il KU 28 22 ' A2 B AL 4 AL B (SOD ) | 4 ko
PR (GSH) it B Ak 4y 8 (MPO) & & @0 jo -4 6(IL - 6) M B FR LB F - a (INF - o) K F ; RT - PCR 3% 4= Western blot % 4 |
KR40 SIRT1 . .p — STAT3 mRNA B & & 69 &k R-F EER AR 28 X FAF /D v H o so3R AT e B R AP M B K& KM 20 il
Zi8 ;PTE BT et 5 M8 T 2 AR O B AT fa Bk B, L KM 20 i3 U8 2B A 20 0 R 32 PTE + EX 527 AAIF AL 2 B 5
B A AL, 5 AR 2E pb 4R, PTE 40 K R e 7 F AST  ALT . BiL /K F ZAF 2042 MPO . IL - 6 . TNF — « K F 3 B F B4k, Fa
£ SOD . GSH 7K -F & SIRT1.p — STAT3 mRNA Fo & & & ik K-F 2393 (P <0.05) ;5 PTE 400k 4, PTE + EX 527 A X R e 7%
¥ AST.ALT.BIL K -FZAF 4L+ MPO.IL - 6 . TNF — o K-F ¥ 2 F I3, IF 428 F SOD.GSH K -F & SIRT1.p — STAT3 mRNA #=
EOREKFHREBAL(P<0.05) 8 B E TR EE 2 MR TSR SRR K SAFH4 , 340 I 20 it i KRS, 148 A
M) TTAE 5 3807 SIRT1/ STAT3 13 585 % .

REIA R A K E Z I IR AT ARG SIRT1 / STAT3 425 38 %

Improvement Effect of Pterostilbene on Liver Injury in Sepsis Model Rats Induced by

Gram - Negative Bacteria
LIU Jianjun',CAO Weiwei' ,LIN Mofan' ,ZHANG Ye',GUO Xuemei’
(1. Fengxian Central Hospital ,Shanghai,China 201400; 2. Shanghai Fourth People’s Hospital ,Shanghai,China 200080)
Abstract: Objective To investigate the improvement effect of pterostilbene on liver injury in sepsis model rats induced by gram -
negative bacteria. Methods A total of 40 SD rats were randomly divided into control group (equal volume of normal saline),model
group (equal volume of normal saline),PTE group (25 mg / kg) and PTE + EX 527 group (25,5 mg / kg),with 10 rats in each
group. Rats in each group were intraperitoneally injected with 10° CFU of Escherichia coli to replicate the sepsis rat model of Gram
— negative bacteria. 30 minutes before modeling, rats in each group were intraperitoneally injected with corresponding drugs or
normal saline. After modeling, the rats were monitored every 6 hours, with continuous observation for 24 hours. Hematoxylin — eosin
(HE) staining was used to observe the pathological changes of liver tissue in rats. The levels of alanine aminotransferase (ALT),
asparlate aminotransferase (AST) and bilirubin (Bil.) in serum of rats were detected by electrobiochemical method. The levels of
superoxide dismutase (SOD), glutathione (GSH) , myeloperoxidase (MPO),interleukin — 6 (IL — 6) and tumor necrosis factor — «
(TNF - «) in liver tissue of rats were detected by enzyme — linked immunosorbent assay (ELISA). The mRNA and protein
expression levels of SIRT1 and p - STAT3 in rat liver tissues were detected by RT — PCR and Western blot. Results In the
model group, the hepatic lobules of rats were destroyed, the liver cells were edematous and degenerated, and there were a large
number of inflammatory cell infiltration. In the PTE group,the structure of hepatic lobules tended to be complete,with only a small
amount of hepatocyte edema,and the infiltration of inflammatory cells was significantly reduced compared with the model group. The

degree of liver tissue injury in the PTE + EX 527 group was similar to that in the model group. Compared with the model group,
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the levels of AST,ALT,BiL. in serum and MPO,IL - 6,TNF - « in liver tissue of PTE group were significantly decreased,and the

levels of SOD,GSH,the mRNA and protein expression of SIRT1,p — STAT3 and in liver tissue were significantly increased (P <
0.05). Compared with PTE group,the levels of AST,ALT,BiL in serum and MPO,IL - 6,TNF - « in liver tissue of rats in PTE +
EX 527 group were significantly increased,the levels of SOD,GSH,and the mRNA and protein expression of SIRT1,p — STAT3 in

liver tissue were significantly decreased (P < 0.05). Conclusion Pterostilbene can improve liver injury in septic rats caused by

Gram — negative bacteria and inhibit the inflammatory response of hepatocytes. The mechanism may be related to the activation of

SIRT1 / STAT3 signaling pathway.

Key words: Pterostilbene; Gram — negative bacteria;sepsis;liver injury;SIRT1 / STAT3 signaling pathway

Jie B A Ay R T BN T EE R, R S T W
PR IET A R R 2 — U S B B R R SR R 4R 1
SR N Bt 1E J T R A e RE R AR v, 1T S B
BB S E RS, BT 3 e R 2
FRRTWE , E E I R 3 i g kA2 Il Bl ) 2 A
R DR S T IR T M RE I IR, (R RO A A
R I, BAR 2 FP AR R R R (45 | Bl a LR R
85 ) BT R MeREAE 1Y &R (R AT 2 BRI R 5 S
i T AE A A 1 TR B 2L R AE B B LA S PR
B L IZ R B LR 20 (LPS) 4544, 25 | & ik
PEOR 58 1 e fh 2 IR 7 2 — 051 M S (PTE) J2 i # PE
Y2 —, 5 A Ak A 2 M AL, 78 W A A RN
A SR Tz ko A 5 & B, PTE A $it
R PUESL PUEE PURTEE SR Y, B
JHLJEL B O T R B A 2 R A 2 ok R R A R AR
FHL7 =81 A0 PTE X e 35 5 0 VE AL ) i A UL 438 o TR
BRI 1(SIRTT) Sy =5 2 Fh F SR 1A 43004 g 1| e fg
K ZE A WFIE R IN, SIRT eIl 0 4 Ak 0 R 2 35
RA T = A JE T IR e s A g iR £
aE B A T N SEOE R T 3(STAT3) %
RS SR T 0 S 505 IR IR R e N £
Fh A i B2 o {0 PTE R85 38 1 8 4% SIRT1 / STAT3 {5 %5
SR REAE 1 AR A, PR , AR P X ) A T T
BT BHGE R
1 Mel5H%

1.1 &R G. IS5k

IS -3 - 30KS UG L i 3 25 0o L (3 [ Sigma 2
F] ) ; ChemiDoc™ MP U%E % 1% 23 M1 (32 [ Bio — Rad
2Nl ) 5 Primo Star 2% 5 33058 (f5 [#] Carl Zeiss AG 2y
) ) s ME204 74 B F K- (%1 Mettler Toledo 23 Wl , 5 B
0.1 mg) ; AV 480 7l 4= [ g 4= b 43 BT 4 ( H 48 Beck-
man Coulter 23 F] ) ; Quant Studio 5% PCR Y (Z& [# Ther-
mo Fisher Scientific 2] ) -

K2G:PTE( g UARAEYRHEARAA, &5 >
99% ,4It5 >} B21572) ; SIRT1 4157 EX 527 (£ [H Sigma
25 FL LS R ET035) s AR R 6 (1L - 6) i SR FE
Kl — a(TNF — o) FiFHK A 72 W B30 (ELISA) 177 &
(ZE[H Pierce 23], 15435 BMS213HS . BMS223HS)

WA R B R B/ (ALT) K14 & R 2 I 1 7 i
(AST) JHZL % (BiL) (A Bt H K (GSH) i 12k 4 4k 4 il
(MPO) il 5 37 5 (R st el AE ) TR ST 0T, 1540
oh €009 =2 -1.C010-2~-1.C019 -1~ 1,A006 -
2 - 1.A044 = 1 - 1);SIRT1HUAK .p - STAT3 Hifk (£
Santa Cruz 23 w1 , #it 55 73 5l SC - 74465 .SC - 8059) ;
HRP #3112 H9 —3t (25 [E Thermo Fisher Scientific 2 7] , 31t
5o GMS40034) ;5 # AAAk W 1B AL it (SOD) A il € 551 £
CGA = REARARAF L, 54 11305) ; TUNEL Fa U i
& Trizol 24 ( LV A T A TR AR A,
5435124 B500058 \B511311) ; S AKE — HHLL (HE) 4t
il & (R ERE A BRA AL #ES5 R G1120) .

B : SPF 9 SD K R 40 H i, 7 A%, (R i i
220 ~ 250 g, P [ b3 4 ] AR S0 S W H R A R A
H), SC S A PR AT IE S SCXK (52)2017 - 0022, 1
T R T4 B X H B BEsh W s N, TE T EE 22 ~ 24 °C
FIVAH XT 2 5 50% ~ 65% = P GHE 12 h/ RS 12 h i
R H B UOK B AT IE MR SR 1 A
9% 4 & BE s W) fe B 25 DL s R (HEHES - BE BHE A
2022 -012-03),

W PR - KIGFFE ( Escherichia. coli 018, 32 [# Sigma —
Aldrich A W], fit-5-2 SAB4200697 ) .
1.2 SAES5EASH

40 HSD K FRUBE HL 70 o0 X BR 2] (S5 R AR A 8
K A (AR A BEER 7K ) PTE 21 (25 mg / kg) Fl
PTE + EX 52741(25,5 mg/ kg) , 4% 10 H &4 K R HE
JE T 5 10° CFU K T B L & ) 3B 22 B PR T Wk 2 K
R IR AT 30 min, 45 2H K BRUIE 0 V8 S AH . 25 9 i
AR K0T AR S A 6 h Wi 1 R, 4 WEE 24 h,
1.3 MELIRHR

A LU FLE 25 < R B AL AL FE 3 R R, BRUFF i
AT 4% Z R PRI, QB EBK, —H
RrEN], A, PIALS wm B A, R, HE
Geto, K, BT T ER .

I3 A AR FR - R BREAIE I 1 5 2% 13 0 L 2 4
(3 mL/ kg) RIS, BLFE B K10 3 mL, 1 500 r/ min 5.0
10 min, W AE )2 003 , >R H 4 H 30 2 4k 4 B 430k
ALT ,AST FlI BiL 7K .
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JEA 2 45 B 7KF 2R H ELISA 35 BUR R4
AU, K L BT AL U U 3 mLL, 8 000 r/ min
250 10 min, Y B3 W o K I JH 2H 21 b SOD L GSH.,
MPO .IL - 6 1 TNF - o /K-,

FF4H4179 SIRT1 Hlp — STAT3 mRNA ik : K RT -
PCR 75 UK BUFZHZ0E 5, INA Trizol 24 0 244 , $2
UL RNA, 3 %% 4 ¢ DNA, J5 #£47 qRT - PCR Y73 (5149
FEHIILZE 1) A3 BB 14045 0. 6 WL, BVARZE N 20 WL,
PCR 2 i %5, 95 "C 22 ¥ 5 min, 95 CAZ % 15 s,
58 ‘CiB k25 5,72 “CIEMHI 20 s; 4 45 MEFF L LL B - actin
NS, 27 A8 TR A K-

&1 SlMFTI%
Tab 1. Primer sequence list
AR HEZY: 211
SIRT1 F:5" = GGAAGATGGTTGGAAGGCAG - 3’
R:5" - AGAAGATGGCCCCAGGATAAG - 3’
p — STAT3 F:5" = TCCTTCTCCAGGCACATTCAA -3’
R:5" - GATCCAGGTTCCACCACTGC - 3’
B — actin F:5" = TAGATGACCATGAGTCGCTTGC - 3’

R:5" - GCCAAACTTGCTCCATGTCCGG - 3’

FFAHZH SIRT1 Fl p — STAT3 & A3k SR Western
blot % o BOK BUH 41 2138 &, LA RIPA 241 0 2 ,
BCA 210 %2 SR 1 3 1, BUK & 90 8 L RE (& ik
JE 42 g/ mL) 10 min, B 50 pg A _EAEZZ wpIRIR ST,
T K R AR PE OB B RE & SDS - PAGE 43 15 J5 %
% 2| PVDF B I, FHBAE 2R 05 (5% ) £ 1 h; F% 1 mL
i 35 Y Tris 22 v R I (TBST) PR, i A—#1(1:1 000,
VIV),4 CRME R, PEF A ZHu(1:1000,V/ V), %=
R TWEE 2 h, A ECL &G, B 5% , H Image Lab
A AT 45 1 I A
1.4 FitZE4HHH

i H Graphpad Prism 8. 0 X {F 43 #7 . 1 & 9% B} DA
X = s 2, ARV L BAR AT T 20K 27 224307 (one —
way ANOVA) ,J5 LA LSD — 1 K 35 47 2 8 i . P < 0. 05
hESAGIFE L
2 #R
2.1 HELREBEES

BREAIZH I RN B BEIR , FF ALK B2, B K
SR PEANMZ I s PTE /N 25k T o3& (UF /D i
A A A B, EL 28 PR 20 B I3 1 SR 7R 24 O S Dk 42 s PTE +
EX 527 AL P2 SRR AR TE LA 1,
2.2 MiFENIER

550 REZH 5, AR AR 20 R UMY H AST L ALT \Bil 7K
YT (P < 0.05) ; SE AR S, PTE 20 KR
B A 3R PR K S B REAR (P < 0. 05) ;5 PTE
ZH LA, PTE + EX 527 2H K B i Lk 3 48 hroKk-F
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PTE + EX 52741
1 KRFALRFERS(HE, x 200)
Fig. 1 Pathological morphology of rats’ liver tissue (HE, x 200)

PTE 41
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E: G RBAA, P < 0.05; 5AA A ,P < 0.05;5 PTE
W E P < 0.05. TAF,
B2 XRIMEELIER
A.ALT B.AST C.BIiL
Note : Compared with those in the control group,”P < 0.05. Compared
with those in the model group,*P<0.05. Compared with those in the
PTE group,”P < 0.05. (for Fig.2 - 6)

Fig.2 Serum biochemical indexes of rats

BEFE (P <0.05) HEILIE 2,
2.3 BF#AZ R GSH K MPO /K3
5% B2 Fe g, R AR 24 R B4 4 SOD . GSHL,
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WM/ Usmg ! Pt / mmol -mg ! T/ pgemL! FhE / mmol -mg ™!
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&
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B3 XERAFHAH GSHF MPO KF
A.SOD B.GSH C.MPO
Fig.3 Levels of GSH and MPO in rats’ liver tissue

MPO 7KF-25 8] i 75 (P < 0. 05) ; SRLRIZH b 4%, PTE
H AR RIFAL A R 38 bR A Y W R (P <
0.05); 5 PTE 40 48 , PTE + EX 527 40 K BUFH 4 |-
R 3FEFRAKF- I A (P < 0. 05) TR LA 3
2.4 BFAHLHIL -6 & TNF - o 7KFE

50 HRZH Lo R R BRUHFHZH IL - 6 J¢ TNF - o
KB T (P < 0.05) s 5HEERI A b4, PTE 40K
FRUFAL ST R 2 8 hR K- B BRI (P < 0. 05)
5 PTE 4 I #¢ , PTE + EX 527 40 K B4R Fik 24
EFRKEE I TR (P < 0.05) PR ILIE 4,
2.5 FFEZAr SIRT1 & p - STAT3 mRNA RikKF

550 BREZH e, A 40 R BT EH 2 b SIRTT S p -
STAT3 mRNA FRik7KF-H1 B B BEAIL (P < 0. 05) ; 5151
A H#, PTE KB 3R 2 R bR 18 7K1 W Ty
(P <0.05); 5 PTE 41 Fb# , PTE + EX527 41 KR iR
2 FEPRFRIB KR AR (P < 0. 05) . WLIEL 5,
2.6 PAT4HZAH SIRT1 K p - STAT3 EBRILKFE

50 B T A, A AU 20 K BUBF2H 24 rp SIRTL . p -
STAT3 £ [ ik /K V- B I FEAK (P < 0. 05) 5 5455 Y
0 b #, PTE 40K B3k 2 N 48 bR ek K F 2 01 i T
(P <0.05);5 PTE 41 b 4%, PTE + EX 527 41 K i
R 2 A48 AR R IB K ] B AR (P < 0.05) o 1F
W6,

B B B B B S B B
N AN N A N
& F &

XQ)V x@,
& &
¢ AN
A B

A.IL - 6 B.TNF - «
B4 KBRIFHLHIL - 651 TNF - a7k
A.IL - 6 B.TNF - «

Fig.4 Levels of IL — 6 and TNF - « in rats’ liver tissue

AHXT B AHXT F35 7K
1.5 15

20 2051

S @bi«f"%«fﬁ%
Q«‘QX Q@x
A B
A.SIRT1 B.p — STAT3
El5 KFRAFAL DR SIRT1F p - STAT3 mRNA RKikkF
A.SIRT1 B.p — STAT3

Fig.5 mRNA expression levels of SIRT1 and p — STAT3 in

rats’ liver tissue

3 itig

Jie B A 38 K PR EH B B B R S S
B, REMREN TR RAMNET R ERBOLR A ME
BEPZI B A e T EOMe B ) R R A, Ho
T H UL B0 IR R A 5 A 1A o B AT I R B SR A
FIRIT METRIE , (R R AR PTE A KRR G W, A BT
P PUNE 45 £ Bl 2 2R R A SE ST R B,
PTE ] #1046l 1% M S 8 120 ZHANG S8R 5T R 30,
PTE e BRal Il AR ] Ah B R 606, X R BRI e
PR IR T B 1R DNA 50405 & ¥ B 3 VR A 3 T 1t
A PR FH R 2% B A e B R BB, R
PTE XHZ BRI A 1E o

JEF I A LA 20 47 4 A g A e 2 1) ZE RS B 04
WFgE 4 A0 % 48 Ak A T = AR R R AR A
F 3, 3 o A SR AR RS T B 5 ST A B R A T, A
M-S SO0 5 19 % A2 15T AST FI ALT = BA7 7 T AP 40
[ Y B i ey 1N AN L Y S i
e T2 Pl R i A 7R A R T BEBR &S © BiLL U - f
2T 26 A=A IE 5 0T He 2 3l b S HE A4, (3
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A. Protein electrophoresis  B. Data statistics (B,. SIRT1;B,. p — STAT3)
Fig. 6 Protein expression levels of SIRT1 and p — STAT3

in rats’ liver tissue

U4 JHF 240 g A 49 i A i R HE it T BB AZ 215 i, AT R
M T BiL 7K T e AR S 45 SR R, PTE 21
I35 H AST L ALT Al BiL 7K -3 B B AL TR AL, 3R
PTE fig A7 20 e 36 Jie 75 i 455 780 5K BRUF 453 407 o 7 o o 417
WG UESE , PTE AL i [ 8 Nef2 2K, 300 il 4204k 5 5%
I R MO AR/ IN B S B O R

JHeBEAE & A B, AR 48 1 A A PR - ok B R, sk
ZURNIT & A ™ 5 i 45405 . GSH @ HL AL, IE W 0T
HAFAE T A0 v, A 2] 4 45 200 i P9 440 300 D - 1 1) 1
FH o M B3 0E 40405 %2 A B, R M s g Rl AR A I 2 e
A H WA R AR B N A A SR, GSH KT
o Tz e A 1 TR R BE O B s S 400 AR E
MPO S r P 40 i i % 2 11 5T, 7E e e K U D i
s, Rk SO 2 B IR E I ZH 2L, B MPO, A
T HE— 2L N Gk Sy A FE 45 S R , PTE 41K BUIF
AP IL - 6 TNF — o Fil MPO 7K -2 B i Al TR R 2,
GSH /K- i3 TR AL, 4775 PTE R fEpk s 2 1 e b 58
P14 Y 2 i A5 28 A U O 728 R 4 o AR o S S TR SR
S, PTE R I AR AR 2175 S 0 Wi 240 e 5 PR DX - g 3k o

SIRT1 J& M BERL G — A R M =R H 2 2
AL , T A0 S 22 s AR BROS RE  InAn i A K AT
RAESF AHFHF I FE M, SIRT1 7R BRAE sk 25 W 1 5 i
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HORT B ARG P AT B 3P D o STAT3 FE R EEAE
5 S AT S M SOy v B AR DO S SRR Z Fh
o I A B XU S0, SIRT 1 7R RRFEIE 2614 A
SPIE P A STAT3 B R AL 2 SRR BT, 33 XA 5 3
W ESCHE AT L, SIRT LRI STAT3 M EAE AT RER A iR
I I BEAE 5 | S 1) JH ) B B A T e o AR R SR 45 R
78, PTE 21K U441 SIRT1 Fl p — STAT3 mRNA Fil

IRk 4 W 8 v TR A, PRDHOE I PTE 7] e i i

O SIRT1 / STAT3 {55 s s B AL R SRR 5

ARAFGE R AR R I 25 3 R, PTE + EX527 41K B

K ARAR B PTE 2 W] 0 WAk, HLA5 48 R /K 1 2 42 1 A

UYL, $ R EX527 RE 855 PTE Xof e 75 A 45 7 K U3

DRy

£ EFTA, PTE ] REE WS SIRT1 / STAT3 {5 %53

S A 2 [P TR I SO R AR R U005 , 4kl T

AP AAE LIV o I BRI AS S R 3R AR5 E R RE XS

SIRT1/ STAT3 {5 S il B 11) bR UEE 5 #ATA ST, &

BERATAE—E S RPE SR ST 58 b 2 AR DG Y 258,

e RIS 7 MR EAE Bk B B S A SEB 0 o e b, H i

AEZ ) PTE SIIAHSEWTFE (BB KL 22 it iy 2y

Wil IR 0 E AR e REAE TP A A R 4
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