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Therapeutic Mechanism of Xiaochaihu Granule on Acute Liver Injury Induced by
Thioacetamide in Rats Through Nrf2 Pathway
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[ Abstract ] Objective: To observe the therapeutic effect of Xiaochaihu granule on acute liver injury
(ALI) induced by thioacetamide (TAA) in rats, and to explore the role of transcription factor ( NF)-E2 related
factor 2 (Nrf2) in the pathway of oxidative damage. Method: SD rats were randomly divided into control group,
model group, Xiaochaihu granule low, middle and high dose groups (1, 2, 4 g-kg™'). 250 mg-kg ' TAA was
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given to the rats by p. administration for 2 days to prepare the liver injury model, and from the 3™ day, same
amount of double distilled water or different doses of Xiaochaihu granule was given to corresponding groups by gz.
administration for 2 weeks. 24 hours after the last administration, liver tissues were taken and stained with
hematoxylin-eosin ( HE) staining. The activities of alanine aminotransferase ( ALT) and aspartate aminotransferase
(AST) in serum were measured by colorimetry. The activities of total superoxide dismutase ( T-SOD ) and
malondialdehyde (MDA in liver tissues were measured by colorimetry. Real-time PCR was used to detect Nrf2
pathway related mRNA expression. Result: As compared with control group, ALT, AST and MDA in model group
were significantly increased, while T-SOD was significantly decreased (P <0.05, P <0.01), and pathological
features showed large inflammatory infiltration, both mRNA and protein expression levels of Nrf2, Kelch-like ECH-
associated protein 1 (Keapl) , quinone oxidoreductase (NQO1) , heme oxygenase-1 (HO-1), glutamate-cysteine
ligase catalytic subunit ( GCLC) and glutamate-cysteine ligase modifier subunit ( GCLM ) were decreased to
different degrees (P <0.01). As compared with model group, ALT, AST, MDA levels in Xiaochaihu granule
treatment groups were decreased, while T-SOD was increased significantly (P <0.05, P <0.01). Pathological
results showed that the range and severity of liver lesions in rats were improved to varying degrees after treatment,

both mRNA and protein expression levels of Nrf2, Keapl, NQO1, HO-1, GCLC and GCLM were increased to

varying degrees (P <0.05, P <0.01).

Conclusion: Xiaochaihu granule may play a therapeutic role in TAA

induced ALI in rats by up-regulating the expression of downstream molecules in Nrf2 signaling pathway.
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factor 2 (Nif2) pathway
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BCBRO159V) ; IN A MR & M (ALT) | [ T4 AW
AL (AST) , N [ (MDA) |, Bl A b9 1
AL (T-SOD ) Fb o 32 I3 & (B m g kA 9 TR F
SEIT, 54 51 A 20180907, 20180910, 20180726,
20180726) ;total RNA 4 HU 5] , SL i} 2¢ )% 5 & PCR
(Real-time PCR) 7] & (K% Takara 24 &), 415 71
Wk AIS1024A, AK5801); iQ™ SYBR @
SuperMix %¢ 5 il ] & ( & [E Bio-Rad 24 A], #t 5
64148508 ) ; BCA il & ( g HERG LY TRA R
A] 45 501605 ) 5 Nif2, Kelch #3480 S N i #H G 2
[ 1(Keapl) , B A L0 5 EG 1 (NQO1) |, ifil £1. 2 Jin 41
fitg-1 (HO-1) , 4+ 24 2 > bt 20 iR & A g fi b I 5&
(GCLC) , A MR e B2 & U 4 49 W %L (GCLM)
£ i W e iR (26 B Abcam 2N A, it 5 4 0 K
GR298097-4, GR27823-1, GR100133-1, GR21142-1,
GR282758-2, GR74230-8) ; -l 2 & 14 ( B-actin) /)
B2 s REDUAR , AR o E A6 ) B (HRP) 5 1L 230
HRAPEIKE F (Ig) G, HRP FRic th SEHt /b B 1gG (R
WA EAR A R FL #5400 8 SA6609-1-
1g,SA00001-1,SA00001-2) ; RIPA 24 fif Wi , 7 A 2 -
PR (HE) Je 3% (b R ERECA R A AL S
43924 RO010,G1120) 5 25 [ b A 22 i, # il 348 Ji
R0 T Y B 1 BT Marker [ 28 2% K R BH (o
) f B2 A, 5 48 5 S 1904557, 1909046,
0067484 | ; f 3% B3l Ak 2% &G R ( B Ll 2 &
AFHECA RS R4S 20180318 ) ; PCR 514 M A=
TAEY TR (L) By A BRA BTG B, 7 51 0L
#1,
1.2 ¥ #% CFX Connect B 52 % %2 &= PCR 1Y,
PowerPac %I 3 Jk /% , Trans-Blot Turbo U2} 4% f&AY |
ChemiDoc Touch %Y ¥ B¢ il 1% 1X, Mini PROTEAN
Tetra 71 5E i 1 15 L UK Al ( 56 8 Bio-Rad A #] ) ;1510
AU 4 K Bl BR X ,2000 #Y fi 58 40 n] L 4y o 5 B
(2% [ Thermo Scicentific 2 &) ) ; RM2245 I &% 4 5
Y- #HL, TP1020 %Y 5 2 2 21 K HL (18 [ Leica 2
) ;3000 AIAJIEHL (S [E Dremel 24 H) .
2 Hik
2.1 WM A Ky dE N PEMESR 1S, BEAL
GRS AL A A LA B RLZE (TAA) /) S8
FAK  h A (1,2,4 g-kg ™) 4L 10 B R
I R BRI B 5 200t B e K 500 8=, 0 0 AR > T
I R e v R A 0.5, 1,2 A% Ok BRI L I 1
TAA 250 mg-kg ' # 4L 2 d '™ 25 {9 41 LA Al A
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Table 1 Primer sequence of PCR
ER7] FPa(5'-3") K /bp
Nif2 3 TTGGCAGAGACATTCCCATTTGTA 116
T GAGCTATCGAGTGACTGAGCCTGA
Keapl i CATCGGCATCGCCAACTTC 119
T GCTGGCAGTGTGACAGGTTGA
NQO1 % TGGAAGCTGCAGACCTGGTG 130
R CCCTTGTCATACATGGTGIGCATAC
HO-1 % AGGTGCACATCCGTGCAGAG 120
T CTTCCAGGGCCGTATAGATATGGTA
GCLC b i# CTGCACATCTACCACGCAGTCA 129
R ATCGCCGCCATTCAGTAACAA
GCLM i AGACCGGGAACCTGCTCAAC 113
T GATTTGGGAGCTCCATTCATTCA
B-actin  _F{if GGAGATTACTGCCCTGGCTCCTA 150

N GACTCATCGTACTCCTGCTTGCTG

J5 35 1 G A R AR A R K v R R I A S
I T A AL ) ) R B ER PR bR . B 3 KHFIR /DN
S IURLIA TT 20 43 ) 4% 0k oz 0] B 45 2,1 /d,
HEGYy 2 . A A BRIV 4 T A R LR K
G2 ARH AT RKRAER 12 h, RH L 7% K&
SR IR e, 5 S bR AL, 7K 3R BUF 41 40

2.2 HE 3L W5 HF 2 200 3 2= AR fb BURT &[]
AT, 10% B S 8, O BE 6 LK, —H 2R3
WG A W A3, U0 e, R ORI , BB R KAk,
MOHE L8 2 B G T g,

2.3 AL YE T ALT, AST 36 K BLURR
J5 e 3 3 KB, 3 500 r+ min ' B0 10 min B ifi
I L W0 I o ALT A AST #9986 24 o

2.4 LAk K DA ZUd MDA, T-SOD JKF B
A A A A7 R 2 2L, o 10% 1 A 3R,
3500 remin ' B0 10 min B LT, 3K G50
i€ MDA Fi1 T-SOD 7K,

2.5 Real-time PCR #; il JiF 20 22 f Nrf2, Keapl,
NQO1,HO-1,GCLC, GCLM mRNA [ #3i5  FREZ
JIFZH 2 100 mg, J trizol 1 mL Z4f# , B RNA $2 BU%
M8 RNeasy 7] & Ui D] 548 4F . B0 RNA ¥ i J1] ND-
2000 i 52 40 n] UL 30600 BE A I RNA 1 &5 &,
MGG Ay /Ay > 1.8 RNA 4 E4F &8k, RA
1o 2% it 0 A SRR B R AT 3 % ik, 1 ] Power SYBR
Green Master Mix #£47 PCR B &, W S %N 95 C
3 min,95 °C 10 5,60 C 45 s, 3k 40 MEH, 255
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KRN E B AT AT AT 270 R mRNA
FR R X ik
2.6 IR EEEDIE % (Western blot) £ il i 4 41
Nrf2, Keapl ,NQO1 ,HO-1,GCLC, GCLM %& {4 ) % ik
WU IEAL 2 500 mg fin 246 W 1 mL, 573, vk I %4
fi# 30 min, H{ BCA Jrik i TR A E ", MAEH L
FESE PR A5 PE 10 min, 70 V BB, 2 T 5% vk 4% i
30 min, A} TBST %t PVDF i 3 ¥, 43 % 10 min, F
5% WA EHA] 2 h U S TBST PR 4 Uk, &K
10 min, —$HiMEE (1:1000) ,4 Cil 7, TBST P
4 W, ER 10 ming 40 (1:5000) ZRFHE 1 h,
TBST Y 4 K, Bk 10 min, ECL fk 5% & O 7 g
G, >R M Quantity One #R{4:3EAT 45 541157
2.7 Giibsrik SRA SPSS 18,0 A4 17 i HiE
ST, R R O 2500, B DL v 2 s ROR,
P <0.05 5 BA G2 X,
3 #R

3.1 WREAFHEUR B W 25 H 4R B/

I35 BT 56 B, oA DL AT 440 J A PE IR T, I3 Rl 45 v e
ok S AR HE ), IF 32 R DL e AL K b A . BB 2 R
W AN W SRR R 4 7 N R TR ORI
L DL IR A A L 9 T 00 I T KL A L 4 R
AR o /N SRHIAIURL A 70 B 4L AL 2L B
AJ LA [ R ) AR o

W1,

AL ZS VA B RIZE 5 CL /NS URLAR 57 5 20 5 D. /NS 1 UL o 57
25 B /NSE Y IBURE = ) 2H (TR 2 /)

Bl 1 /NEHERI K RFRFERESHFMm(HE, x200)

Fig.1 Effect of Xiaochaihu granule on pathological section of liver

in rats (HE, x200)

3.2 XPREMWE ALT,AST 3G dEfmsm 52 14
L, B 2 K BRI W ALT, AST 3% o W & 7+ &
(P <0.01); 5EIRIA H AL, /N S0 JURLAE L v | s 771
w2 ALT, AST 3G Py B W REAK (P <0.05,P <
0.01), %2,

3.3 SPARTF44 MDA, T-SOD K m 5

F2 MNEPFHRENBRZBERFTSARIMFRG MLF ALT,
AST B0 (% £5)
Table 2 Effect of Xiaochaihu granule on serum ALT and AST in

rats with acute liver injury induced by thioacetamide(x +s) U-L ™'

MY FE/gkg™! n ALT AST
25 - 7 34.445 +5.860 35.911 +6.742
i - 6 373.195 £21.371"  271.603 +66.675"
INSESRRTURL 1 6 150.449 £49.178% 141.390 +59. 859
2 6 114.132 £42.980%) 132.347 +46.495"
4 5 142.621 £24.397%)  128.600 +46.495

Eo S ALY P<0.0l; SEMAHEY P<0.05,7P<
0.01(£3~5F).

25 A e, B A1 K U4 40 MDA % & 2 35
i, T-SOD % M i 2 FEAR (P <0.01) ; BRI A [
B, /NG ORI v R B 4 MDA 5 i B T
(P <0.05,P<0.01),T-SOD & 1 B Z AL (P <
0.01), W33,

R3 NMEPFRINIMRZEHBRESARIMEFIRGIFELR MDA,
T-SOD Hy &M (x £ 5)

Table 3 Effects of Xiaochaihu granule on MDA and T-SOD in liver
tissues in rats with acute liver injury induced by thioacetamide

(xxs)

M FE/g-kg™' n MDA/pmol-g™'  T-SOD/U-mg !
251 - 7 7.095 +0.750 125.750 +8.314
7%} - 6 13.484 +2.229" 92.599 +5. 838"
JNSEHR R 1 6 11.268 +1.672  104.349 +1.731%

2 6 10.058 +1.625”  108.310 +0.957%
4 5 10.304 £2.099”  113.613 =1.704%

3.4 XPREUFZHE Nef2 {553 A7 5¢ mRNA 1952
e 575 A AR B AL K BRUF 2 21 Nief2 , Keapl
NQO1, GCLC 1 GCLM mRNA /K F ¥ B & & %
(P <0.01); 5EIARIA AL, /N SEEA BURLAIG L v Lo 7
41 Nif2, Keapl , NQO1, GCLC F1 GCLM mRNA 7K
IR TR (P <0.05) . W3k 4,5,
3.5 PR R4 Nef2 {55 38 % A0 5 8 A 1 52

Has B AL R BRI 2H 21 Nif2, Keapl
HO-1, GCLC HlI GCLM & [ 7k F ¥ B W % 1%
(P <0.05); SEEAVA LA, /N 5250 BURLAIG b L i 57
20 K U IEZH 4 Nif2 , Keapl ,HO-1,GCLC il GCLM
HEHHUIET (P <0.05), WK 2 &3#%6,7,
4 itig

SVPE IR A5 5| A T 40 M 5 0E R M BIRAE , T3
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x4 NEPTRNBRZEBERFS KR ARG IFEHESR Nrf2,
Keapl ,NQO1 mRNA RiZH &M (x £5)

Table 4 Effect of Xiaochaihu granule on mRNA expression of Nrf2,
Keapl, NQOL1 in liver tissues in rats with acute liver injury induced

by thioacetamide(x =)

F6 NEPTHRMNBMARZEERFS KR IAMLFHRGIFAR Nrf2,
Keapl ,NQO1 EH RIZMHM (x )

Table 6 Effect of Xiaochaihu granule on protein expression of
Nrf2, Keapl,NQOL1 in liver tissues in rats with acute liver injury

induced by thioacetamide(x +s)

flk s

bk

21 1) /e kj ,on N2 Keapl NQO1 2H 5 /e kj ,on Nrf2 Keapl NQO1
2 - 7 1 1 1 2 - 7 1 1 1
el - 6 0.333 £0.056" 0.207 +0.046" 1.100 0. 336" i - 6 0.891 £0.052" 0.800 0. 117" 0.977 £0.053
ANSERA R 1 6 0.470 £0.057% 0.316 +0.058> 0.935 0. 158 /NS SURL 1 6 1.039 £0.153% 0.945 +0.157  1.425 +0.602
2 6 0.710 £0.096> 0.422 +0.035% 1.026 +0.4147 2 6 1.052=0.154” 0.956 +0.139” 1.875 x0.600>
4 50,744 £0.099>) 0.530 +0. 126> 1.019 =0, 496> 4 5 0.853+0.074 1.039 £0.090% 1.671 £0.495%

x5 NEPTRMNBKZCEBRES KR IEFRG AR HO-L,
GCLC,GCLM mRNA FiEBEMm (x £5)

Table 5  Effect of Xiaochaihu granule on mRNA expression of
HO-1, GCLC, GCLM in liver tissues in rats with acute liver injury

induced by thioacetamide(x +s)

A

B ,on HO-1 GCLC GCLM
/g kg
&t - 7 1 1 1
HEEAY - 6 0.210 £0.132 0.244 +0.070" 0.231 0. 090"

JNSERR R 1 6 0.3520.033 0.388 £0.104 0.362 0. 066>
0.584 £0. 151 0.516 +0.056> 0. 640 =0.231%

0.691 +0.072 0.803 +0.223> 0.701 +0. 186>

B2 X FBBFAEELE Nrf2,Keapl ,NQO1,HO-1,GCLC,GCLM EH
Fix ik

Fig.2  Electrophoresis of Nrf2, Keapl, NQO1, HO-1, GCLC and
GCLM protein in rat liver

IR 26 22 D BE , HE T 51 & — 22 9 B4 9 6 AE Qe

fip A 2 AL B AR R W SRR T . B,

MRAS =36 57 48 4 vl A 280 s e o s 0k — 25

oo /NS m LS GRS R SRR

A CH R KR 22 AR, e e F0AE TR T A

JFF6 ELSE FH 8 AR ik 0 25 /I S ) R 2 A I
- 58 -

WA AL P <005 5 BB LB P <0.055Y P <
0.01(X7),
x7T NEPTRMNBKZCEBRES KR IEFRG AR HO-L,
GCLC,GCLM EHFRIEMFM(x =)
Table 7 Effect of Xiaochaihu granule on protein expression of HO-
1, GCLC, and GCLM in liver tissues in rats with acute liver injury

induced by thioacetamide(x +s)

;I =N _ ; ~ ‘ ~ ~ )
13 7l m_l HO lA ( ug (,uM
/g kg /B-actin /B-actin /B-actin
EH - 7 1 1 1
FEEAY - 6 1.191 +£0.408 0.830 +0.060" 0.755 +0.235"
INBE SR 1 6 1.680£0.574 0.992 +0.168% 1.154 +0.155”
2 6 1.816 £0.495%1. 125 £0.193% 1. 164 +0.304%
4 5 1.748 £0.144%1. 176 £0.193% 1.170 =0. 305

fitt Il & 0 AR ) o AR 55 35 B /)N S 8 §5kE 45 5]
41 4 AT O [R) AR B A s I T R L A0 i i A ALT,
AST [ AE . HE Je (8,25 5L o, /N S8 8 oo ik 2%
O T R R R R PRI I A R . 1 B /N S
MR TAA 75 3 0 K B2 s B AR EH .

JHE W2 AR TG R 25, B B A Tz P A4k
RY . EWEWT A ROS 77 A T 20 A
i 1R SR 1A RN B 0 RI 7 AR ) ROS G
I I P B BT A Al R GV B o T2 R A &
A a4 A2 6 S b AR $5 45 AT ROS A i
i 2RI ARAS o AR R B, Nef2 il 2R
FAEAR Keapl J2& 4 i 4T 40 A0 5 0 19 R AR R 15 2, 7
el R I N = A A A 3 W e i s A )
2 IR R BT, Nif2 5 Keapl 454710 40 F 1
PRI R A, 78 20 25 Wy 5 A R AE R,
Nif2 5 Keapl IR 5 & BT, TR N 5 PR
ML e (ARE) 454, 1 ) HO-1,NQO1 , GCLM,
GCLC mRNA & ik, ¥4 4 Bt H IR T A 1k 9 B
(GPX) ,NQO-1 K % Mt H K S % % fili (GST) 1 7%
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PRI RWEGE R, WLEE R /N S WOR 1A 9T 4
WA AT 4141 MDA 4 5 F, [7) i 3 fn T-SOD i 3% 1E,
8 B /0N S 0L X 22 P A5 005 69 36 7 1 P AT RE A5 4
SRR o HE— BT R BN S5 Uk (0 3 0
W Nef2 {5 9l % &% 5T i 4 7 NQOL, GCLC il
GCLM ) mRNA K26 (I EI R A . 458 25300 45 1 4fk
UL T 40 i T R S Nef2 3 42 % A R T g R |
CRimE, &

L b ARG 2 W /NS 1 0k 380 5 o 36 1 2 RE AN
JIF 4 2005 BE 2275 AR TAA 5 5 1k B 22 Pk F 4 40 L
AW RIAITAE . LT AT ST 45 5L, /N Se Ok A
I 2P 4503 B A AL AT AL 308 3 3845 Nef2 4%
XA 8, T — 208 S T AR i 0 . 2 Tt
A R T A A I A P A A D X S R R R
T /NS R X 2 AR 05 A 9 T B

[&F k]
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