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@ E: BEY T p62-Kelch ¥t ECH #H3<& H 1 (Kelch-like ECH-associated protein 1, Keap1) -#% K F E2 #H2< [ F (nuclear
factor erythroid 2-related factor 2, Nrf2) 155 i@ EEERIT IR BRI AE VEH 4145 (alcoholic liver injury, ALD /RGN
ORI 1R LBl 755 SPF 2% KM /MR TR BENL 20y AL, BERA . JRIpRhL s . fIGFE (15.04 10.5 ghkg) 4
2 N-C R BR (N-acetylcysteine, NAC, 0.3 g/kg) H, FRXJHERAAN, HREH/NRESL ig 4525 15d I ig HME ALL
R, RIKig ENA 12 h JG AP0/, SR ITE KT RAGKRER-FL (HE) Jeth, W4l O Jeta Rz 5 5o M 52 T 40
LURIEIEA; KA 4 H AN R IITE B RAARIRE LM (aspartate aminotransferase, AST) FIA R IR AL F
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A F /N BT AL (. 25 P450 2E1 (cytochrome P450 family 2 subfamily E member 1, CYP2E1) F£ik; K/ Western
blotting # il /N 4R CYP2EL . Nrf2. ML R N4 -1 (heme oxygenase 1, HO-1). #BE ALY LS 1 (superoxide dismutase
1, SODI1). it 5 & Bt % AR 0 v — 1% 77 1R W% MR R MAEE 1 (nicotinamide adenine dinucleotide phosphate quinone
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Abstract: Objective To explore the protect effects of Jingfang Granules (3| B Wik, JFGR) on oxidative stress in mice with alcoholic
liver injury (ALI) and its mechanism related to p62- Kelch-like ECH-associated protein 1 (Keapl) - nuclear factor erythroid 2-related
factor 2 (Nrf2) signaling pathway. Methods According to body weight, KM mice were randomly divided into five groups of control
group, model group, JFGR high-, low-dose (15.0, 10.5 g/kg) groups and N-acetylcysteine (NAC, 0.3 g/kg) group. Except control group,
mice of other groups were intragastric administrated the corresponding drug and white wine every day for 15 d to establish the ALI
model. The pathological changes of liver tissue were observed by hematoxylin-eosin (HE) staining, oil red O staining and transmission
electron microscopy. The activities of aspartate aminotransferase (AST) and alanine aminotransferase (ALT) in serum of mice were
detected by automatic biochemical analyzer. The levels of liver inflammation and oxidative stress were detected by ELISA and flow
cytometry. The expression of cytochrome P450 family 2 subfamily E member 1 (CYP2E1) in liver was detected by immunohistochemistry.
The protein expressions of CYP2E1, Nrf2, heme oxygenase 1 (HO-1), superoxide dismutase 1 (SOD1), nicotinamide adenine
dinucleotide phosphate quinone oxidoreductase 1 (NQO1), p62, Keap1, microtubule-associated protein 1 light chain 3B-II/1 (LC3B-
1I/T), alcohol dehydrogenase 1 (ADH1) and aldehyde dehydrogenase 2 (ALDH?2) in liver were determined by Western blotting. Results
Compared with model group, JFGR (15 g/kg) significantly decreased the liver index and the activities of AST, ALT in serum (P < 0.05,
0.01), significantly increased the levels of superoxide dismutase (SOD), Catalase (CAT) and glutathione (GSH) in liver (P < 0.05,
0.01), reduced the level of reactive oxygen species (ROS), and significantly decreased malondialdehyde (MDA) level. CYP2E1
expression and the content of tumor necrosis factor-o (TNF-a) in liver (P < 0.05). In addition, JFGR significantly decreased the liver
fat accumulation and the hepatocyte inflammatory infiltration (P < 0.05, 0.01), and ameliorated the morphological and structural
changes. JFGR significantly up-regulated the expression levels of ADH1, ALDH2, Nrf2, HO-1, NQO1, SOD1, LC3B-II/LC3B-I in
liver (P <0.05, 0.01), and inhibited the expressions of NOX4, p62, Keap1 proteins (P < 0.05, 0.01). Conclusion JFGR could alleviate
the alcohol-induced liver injury in mice, which the mechanism maybe related to activate p62-Keap1-Nrf2 signaling pathway so as to
improve the antioxidant level and activate autophagy.
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( superoxide dismutase ,

5 8047S) E MR H 1 8% 3B (microtubule-
associated protein 1 light chain 3B, LC3B) #ifk
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AR TRERAH .
13 {48

UPK-10T BZE7KAL (MR A R TR A 7D
JCS BIHF R (MM s AR A R])D; DS-H
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FH ML, KA Image-Pro Plus 6.0 145341 R 4857
M1 (3E[E Media Cybernetics 2~ 7))o
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*1 RENTIEE
Table 1 Degree of pathological change
TR SUETRE TR/ o B BIE/Gy TGy By

HF4H S AR 0 1 2 3 4
pNEN S

JH4m AR 1 5 0 1 2 3 4
AL

HF4H IR 3E 0 1 2 3 4

2 MRG0 IR 3 0 1 2 3 4

2.4  [MFEFEAIEERE

/N BROBRIE J AR FEE B 4= 0fn, =R E 1 h, 4 C.
3 000 r/min 50> 15 min, B EIEW, 23050 & 1 B
RGN I35 AST A1 ALT 351 .
25 RFHELIMEKET. REEFKFER ROS &
=N

FREUN BUFFZHZE 10~15 mg, #0A& i i
IONIRBUR, AR AT ALSUTBE, ik 10%412H%)
o B, BURIEW,  FaaR e v B A I A 2H 21
i MDA. SOD. GSH. CAT. TNF-a 7KF; K4
UG AT B, 200 H AN IRiEid, Zranifnsesg
TR, 4% B8 1 0 1000 G I3 35 7= W Mok DCFH-
DA, &M 1 mLDCFH-DA #if, 37 CHEE
20 min, 250, FFLIE, BRI 3 IR BHMEXTHE

EIEREHIRE R, FTCMIEE 7R Z I 121000
() ELABITC ] Rosup Ak, T I 1 mL Rosup
FRW, 37 CUEE 30min, PEE%3 K, B0, #E
iHo M PBS H &, HV4GEI ROS /K-F,
PASF-357 S B AP 48 bR, K CytExper 344X}
g5 BT T
2.6 BFLAZE CYP2E1 Rk

B AR AHET S 3% S A0 E 10 min,
DARELIT P 5 i S A A0, PBS a4 Ja i b i 2 if
EE AW, FIEHE 20 min. %0 CYP2EL —¥,
4 CHELA; PBS Pii%k 3 ¥ K 5min; N
P, 37 CH¥E 30 min; PBS ¥E¥ 3 ¥k, #HK 5min.
W E S DAB TR, T RS g
.
2.7 BESTHEFERIENE ML

BHFHLIR 1~3 mm [K/NE, 12 TG
(1] 2.5% 5 W [ 8 W [ 2 48 h, FEH 1% Y%k
A EE 2 he BUHALAT R G4, iF
ST WS AR ML . AR IES
A
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1KIKFE

K F RIPA ZLfRH2 BN R AR 8 E A
(HZFRE - 2R 12 10), 4 BCA ENE &
&, I EFEZ PR, 95 C/KIBE 5 min {HE A
A R A RE S e I R - TR T 0 T
B HYK, ¥ % PVDF B, 2 5%MiiR 0% & 141
1.5h &, almA—$iiEid & (ADHI.
CYP2El. NOX4. SODI. Nrf2. HO-1 &% NQOI
WA RREREE L 1 0 1 000, ALDH2. LC3B.
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Lab 6.0.1 3K AF3E47 70 #7
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2 FIBERIYT ALL/NERATAEHE BN AT THREROSZM (X + 5, n=10)
Table 2 Effects of Jingfang Granules on liver index and liver function of ALI mice (X £ s, n =10)
21 53 /(g kg™ RFE$E 5/ (mg-g ™) AST/(U-L™Y ALT/(U-L™)
X et — 3.84+0.29 188.59+23.89 45.99+7.55
R — 5.03+0.48% 361.22+98.85"# 88.14+28.81%
Il s AL 15.0 4.48+0.12" 248.734+41.99 46.97+13.76*
10.5 4.511+0.30 286.72+52.16 59.49+15.77
NAC 0.3 4.501+0.08 271.191+42.58 52.49+9.92"
HXS AR #P<<0.05 #P<0.01 *P<0.001; SHEBAHLLHK: "P<0.05 "P<0.01 "P<0.001, FE[F.
#P<0.05 *P<0.01 #¥P<0.001vs control group; "P<0.05 P <0.01 **P<0.001 vs model group, same as below tables.
BH. MiET AST Ml ALT 3WGMEBEFE (P< [AIFRIK /N IR A S5 BC 5E 8, o LR 0L BA

0.01. 0.001), &G SHAHLE, NAC
2H ALL /N RRIMIE ALT 367 535 PR (P<<0.05),
7 R e 75 B /N BRI FE 2 iy e AST 5 ALT
WML B FRK (P<<0.05. 0.01), SZif 4k B R
B WURLRESRCER ALL /S SRR B 477, AT LR 430
JF1ER
3.2 FIBAEURIXT ALI /NRAFAERIBF TR KAE
& F 7K B S0

W 1 RIER 3 o, 5 BRZE /N BB ZE U0
SERE, RN R, FFSIEEMIER, RIULEH
BRI 3k S R AR, [V XN B N

S ok g 4R AR AR IR I s SRR ZE /)N B A L
ZAR] DL R R AR IR, A G G P bk B 4
FFFEAR 73 - (b MR A B 3, R H A 40
RHY AR BT 40 B 2 v AR 1, b BE A4 % 7 . (P<<
0.001), FREIRIEAR RIS 5 IS RO e 71 B 4R L5 3
JFF4H IR B B 98 1 A0 BRI R I, $om IR 97 kL g
NGRS A S P R 45 iR ts (P<0.05), A
BRAER. SxTRRAMLL, AR/ BT Z
o TNF-a 7K F 2 2 TH 5 (P<<0.05); SHEARIAIH L,
IR 7 0L e 71 B2 /) BRI 2H 23 R TNF-a 7K F 23
FAK (P<<0.05).

Y
W OR BRI SO EARLA iR,
Blue circle represents cell necrosis, green circle represents cellular vacuolar degeneration.
FIBAERRIT ALL /D FRATARELATRIBT AN (X100; X+s,n=5~7)
Fig. 1 Effect of Jingfang Granules on liver histopathological changes in ALI mice (x 100; X+ s, n=5—7)

1

®=3 FHBIHHRIY ALL/NRATAREARIE R LR RER T
IR (X +s,n=5~7)
Table 3 Effects of Jingfang Granules on histopathological
changes and level of inflammatory factor in liver of ALI
mice (Xts,n=5—7)

51 %U%/ JRERVT TNF-o/(pg-mg ")
(g'kg™)
X H — 1.3340.52 797.20+144.66
T — 5.00£0.00  963.55+15.39"
Eillog v 15.0 3.17+041 821.57+£59.40°
NAC 0.3 4.00+1.00 829.45+87.40°

FHIs B

3.3 FIBFFAIXT ALI /NiR BT AR BS FREEFR AV M
WP 2 fEK 4 Fios, SxFRRAAL, B
/I BRFF2H AT 65 [X 3 S, R ¥R A R T AR R 2
L, WRERRII (P<0.01); S5HEEAIHM L,
I 7 R 2H P ¥R A G TR B 3 BRAIR (P<<0.01),
2 B 3R 917 R0URE R A A% 803 RS 5 5 1 U T o
R, RIERIEM.
34 FHIFFFRIXS ALI /)RAFBEER K SEERIEN
20

il 3 K 5 o, ST REALARLE, B
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I 155 kL NAC

2 FIRpFRAIRT ALL/NRATBERE AR REOSND (X 400; X £5,n=3~4)
Fig. 2 Effect of Jingfang Granules on hepatic lipid accumulation in ALI mice (x 400; X + s, n=3—4)

x4 FIBHERIYT ALI /)R BT AEAS BRAR R A2
(X+s,n=3~4)
Table 4 Effect of Jingfang Granules on hepatic lipid

accumulation in ALI mice (X *s,n=3—4)

2H 531 & /(g-kg™) AR AR N HAY %
gz} — 0.2340.04
it — 7.72+£5.35%
il A 15.0 0.47+0.39"
NAC 0.3 3.6942.37

T — - -

ADHI1 :‘" 4.0X10*
GAPDH .i.- 3.6%10¢

X A B NAC
3 FIBFERIXT ALI/NRATLHLR ADHI. ALDH2 EH%*
BHISN (X £S5, n=5)
Fig. 3 Effects of Jingfang Granules on ADH1 and ALDH2

protein expressions in liver of ALI mice (X *s,n=5)

R5 FRIFRI ALL/NRATLHLR ADHI. ALDH2 EBFR
EHIENE (X +s,n=5)
Table 5 Effect of Jingfang Granules on ADH1 and ALDH2
protein expressions in liver of ALI mice
(X£s,n=5)

H e 1 FEAMXREE
aH - AEeke™ ADHI ALDH2
X HE — 1.00£0.00 1.00£0.00
it — 0.65+0.16*  0.6840.18%
IR B L 15.0 1234023 1.1840.15™
NAC 0.3 1.11+042"  1.17+0.36™

RUHFZHZ] ADH1. ALDH2 EEEXKFEETH
(P<<0.05); SR ARLL, F0IB5 B0k AE w2 EiA
ADH1. ALDH2 Fik/K*F (P<<0.01), #/~IHIB5H

LT T TR 8 A A AR, A3 ALLARSPER
35 FIFFERIXS ALI NRATARIE L EE SRS

WK 4 F1R 6 fin, SRLIALL, BRI /N
AT AP TE 7 SOD. CAT. GSH /K- 2% %
fik (P<<0.05. 0.01), [FWSHEFL A4 MDA /K
FEZFIEIN (P<0.01); B4 /N RFHZ ROS
BIm ot nm g KM H CYP2EL. NOX4 £ik
K RERI (P<0.05. 0.01). SHERIAHAHLL,
57 5k e 2.2 T+ SOD. CAT . GSH 7K1 (P<0.05.
0.01), [FIE B EiH MDA IFE (P<0.05), Jf
WD HFE ROS 7K°F, Rl CYP2E1 5 NOX4 ik
K (P<0.01). DL b 45 53 BR 30|55 0k A e i 2%
ff it BT S AN, RAE AL RS EH .
3.6 FIFFERIXT ALI /N ATBE Nrf2.HO-1.SOD1.
NQO1 EBFIAHIF N

WiE s M3 7 frow, SXTREAAE, SR N
BUF414R Nrf2. HO-1. SOD1. NQO!1 HHFEAK
PR ZE T (P<0.05. 0.001). SR,
IR ok BE 2% _EE Nrf2. HO-1. SOD1. NQO1 #
IE7KSF (P<<0.05+ 0.01), $&7 30 B J0h vl 38 ol s
Nrf2/HO-1 {5 5@, fEmIUshtaiues, Ry
FFIE 0 52 PR 15 5 R SR A 353475
3.7 FIBFERIXT ALI /NEATRE BEERIS2N

WK 6-A iR, HERA/NRIFARE S K
AR, R E R, TR, (E
THD P95 P A A8 75K FL RS 9 A /D 2 FL /A (AL
JEIEE 2 JZ IR ZE AL, A RS 50D T FRIB)
Wikl 5 NAC A/NRIFARESSMEIER, 1
25 SERETE T, ZRRIRSME RS e R, ISR S
B8, HPHR TR S, YT WM R
I R R 2 R PR VRLIR 25 40, B B 2y L PR D -
Wil 6-B F1k 8 flzw, SXTHRAAHEL, HEALH /N
JH2HZY p62. Keapl HHFRIEKFEEE (P<
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A-flow cytometry detection of hepatic ROS level; B-immunohistochemical detection of hepatic CYP2E1 expression (x 40); C-Western blotting detection
of hepatic CYP2E1 and NOX4 expressions.

B4 BRI ALL/NRATBEEMBE IR (X + 5, n=4~6)
Fig. 4 Effect of Jingfang Granules on liver antioxidant capacity of ALI mice (X £ s, n=4—=6)

®6  FIPTRRLX ALLNRETBEAEMEESIRIRND (X £ 5, n=4~6)
Table 6 Effect of Jingfang Granules on liver antioxidant capacity of ALI mice (X + s, n =4—6)

Hal  FlEAgke™) CAT/(U-mg~1) MDA/(nmoL-mg™) SOD/(U-mg™) GSH/(umoL-g™!)
ot HE — 31.194+2.07 0.18+0.03 104.16+4.53 23.29+4.25
it — 25.1714.54% 0.30+£0.09% 84.55+15.32% 16.73+£1.68%
IR By A 15.0 29.71+2.00* 0.21+0.08" 142.83 £36.15™ 23.43+6.48"
NAC 0.3 29.55+1.09" 0.22+0.06" 106.60+29.01" 28.42+4.19"

ZH 5 ?ui/(g kg=') ROS FHRNIRE (X10%) CYP2El HAMXNEKIEE NOX4 & HMN FikE
oyt 6.49+2.14 1.0040.00 1.0040.00
it — 13.38+3.86% 1.73 +0.40% 2.73+0.42%
bl 15.0 9.85+2.00 0.95+0.47" 1.17£0.47"

NAC 0.3 9.59+1.34 0.72+0.32"* 1.334+047"
0.05. 0.01), LC3B-I/15 [FARKIEAKFTC i E M2 57 WA S, EEPE, BRI, MmN

SRR AL, JIBTRORL RE 5.2 PR p62. Keapl 8 7, BB ZAERY, ﬁﬂlﬁﬁﬁm%ﬁﬂ%ﬁ&aﬁﬁﬁ’ﬁ
HRIAAKF (P<0.05. 0.001), HH 2% FIH LC3B-  BURHZGHI7), HIpTr. BiR. 8%, Mg, L8,
WIE ARIEKT (P<0.05). REGFIBTRRI T #eE N1 BSFE. BT, AH5E. IR%E . HE 11 sRp 254
Wk [ B (2 1 /MR PR, R HE I AR PP VR W BERITRE. SO ThREe,

4 1ig

A x 58] 7 RUREL 24 B2 A H R BT 9 22 B R e 9T

ALLJE T By WK e “O0ili” “By - R, W RERSE. PURTE. MRS MR, BT
i S A PEVONEAENRIA KT, BUDRGORRL R R A AR AR BB S A R00, A
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Fig. 5 Effect of Jingfang Granules on expressions of Nrf2, BEUE, JoRIEBT. Boh, BN
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NQO1, HO-1 and SOD1 proteins in liver of ALI mice 21 ROS. MDA /K-F-7tH, GSH. CAT. SOD /K
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Table 7 Effect of Jingfang Granules on expression of Nrf2, NQO1, HO-1 and SOD1 proteins in liver of ALI mice
(Xts,n=4—6)

m e - FEAMHNRIEE
AL Al ke™) Nrf2 NQOI HO-1 SODI
ot iR — 1.0040.00 1.00£0.00 1.00£0.00 1.00£0.00
T — 0.510.04%# 0.34+0.10%# 0.4940.11* 0.54+0.03%
3875 AL 15.0 1.68+0.67" 0.75+0.28" 1.21+0.50** 1.0940.44*
NAC 0.3 1.304+0.33* 0.82+0.20™ 1.2240.45* 1.16+0.54"
B

A X I

Keapl J l. 6.4>< 104
P62 . ’ - — 6.2 10*
LC3B-II L4X10¢
GAPDHI.. E 2 - 3.6X 10

YRR IR SRR BB NAC

FHIB TR

NAC

A-ESTRETAE R (X6 000), LR AARLERRE A, 5O R EER B/ ME, R AR B WRIARER: B-Western blotting il FF 2
p62. Keapl. LC3B-I/IEALIX.

A-results of transmission electron microscopy (% 6 000), red circle represents mitochondrial shrinkage, yellow circles represent autophagosomes, and blue

circles represent autophagolysosomes; B-Western blotting detection of hepatic Keap1, p62, LC3B-II/I expressions.

6 FIBTFALXY ALL/NRATELABRERRNE (X £5,n=4~6)
Fig. 6 Effect of Jingfang Granules on autophagy in ALI mice (X £ s, n =4—=6)
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#*8 HIBHERIXT ALI /NERAFBE LC3B-IVL. p62. Keapl EAFRILRIENT (X £, n=4~6)
Table 8 Effect of Jingfang Granules on expressions of LC3B-II/I, p62 and Keap1 proteins in liver of ALI mice

(XEts,n=4—6)

e - EAMNRIEE
A5 AEAgke LC3B-11/1 62 Keapl
2 — 1.00£0.00 1.0040.00 1.00£0.00
it — 1.024+0.37 1.98+0.68% 1.4740.19*
FHI 875 AL 15.0 2.01+0.23" 1.11+0.34" 0.84+0.22"*
NAC 0.3 1.15+0.47 1.01+0.52° 0.881+0.34"
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Fig. 7 Protective mechanism of Jingfang Granules on liver
of ALI mice
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