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15, R 1 wg/mlfil 5 e/ mlBSREA SN GPT .GOT .LDH F AKP & MER T+, #2755 SOD . GSH-Px it & T-AOC
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Abstract: To evaluate the protective effects of curcumin on liver injury induced by carbon tetrachloride ( CCl,) and
the regulatory role of nuclear factor NF-E2 related factor (Nrf2) in Carassius auratus, the liver tissue was isolated by preci-
sion-cut liver slices (PCLS) and cultured in vitro. The PCLS was treated with carbon tetrachlorideand curcumin (1 pg/ml,

5 pg/ml and 10 pwg/ml). Then the culture supernatants

7S F B . 2017-10-12 and slices were collected for the analyses of biochemical

ESTE e 9/ 25 PER T B 7 5L A BB 45 9% & 55 % 4 05 B parameters, such as activities of glutamatepyruvate trans-
(2017JBFZ01) ; E % A AR5 4T H (31702318) 5 1L70 aminase (GPT), glutamate oxalatetransaminase ( GOT')

B H AR 4T H (BK20170218) lactate dehydrogenase ( LDH ), superoxide dismutase
EZEB N KB (1989-) , &, RN, B+, B 5805 1]l 12 (SOD ), glutathione peroxidase ( GSH-Px ), catalase
HBEZTH: . (E-mail) shanyun0729@ 163.com (CAT) and alkaline phosphatase (AKP), and contents of

BIRMEE B, (E-mail) yingj@ ffrc.cn malondialdehyde (MDA) , glutathione ( GSH), total pro-
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tein (TP), albumin (Alb), and total antioxidant capacity (T-AOC) and gene expression of Nrf2 and Keapl. The results

showed that curcumin could inhibited the liver damage caused by CCl,. Curcumin at 1 pg/ml and 5 pg/ml significantly re-
duced the levels of GPT, GOT, LDH and AKP, increased the activities of SOD and GSH-Px, T-AOC and GSH content,

suppressed the production of MDA, and up-regulated the expression of Nrf2 in the CCl,-induced liver. In conclusion, cur-

cumin had protective effect on liver injury induced by CCl,. The hepatoprotective action of curcumin was probably accom-

plished by regulating Nrf2 expression to elevate cellular antioxidative capacity and inhibit lipid peroxidation.
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BV A ( Precision-cut liver slices, PCLS) £
AT A T4 H -5 40 M KF TR A AR S b 5
B o AR TC T 0 D I A 1 AN o) B
T v XS A 3 R A, L BB DR AT A5
HE A ZAGE Y | 2 20 ) B 0 e R T ] A AR
REOREA T e B3 T4 M Y D B ARE A, SRR T4
SERCE , PRI B A KB B2 M A ALLAA IR 412 g
FHFM 7L 3h ) 2 B2 AN 8 B2 A 5 i AE K
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¥ NF-E2 #H ¢ [l F ( Nuclear factor-ery
throid 2-related , Nrf2 ) 2 A/ LA B S8 A0 38w L1
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P IEERET N2 5 E AR
F Keapl ( Kelch-like ECH-associated proteinl ) 45 &
AbTARXS IR . 24 52 ) S0 A0 OO, Nef2
BOHIE 5 Keapl fif B9 3E AN 5US l 11AHAR BE B L2470
AR R FRIR IS N2 54050 SO TT 1 (An-
tioxidant response element, ARE) 454, Jo 8 T if
FHCHT A ML BHE DR 2 3k | 107 240 B 470 S A0 I R ) 3
ST E/NEUTh ZEECFR AT Y SRR (CCly) S
SR 5 I #E Nef2 mRNA  Keapl mRNA K &
FUTZRIRN S L K= A 3 oA DR DGR

ABFFE R ] PCLS BOAR 7y By il fu I 1 24, JF F
RO SR, B CCL, i85 5 1 37 T 2 240 A L
i —LE T D RE AR AR AR Y A2 AL, T 32 2 R X il
AT BRAP A, Rl 7R 20 KSR 5T Niy2
i Keapl FERTEZ BR AT b BOME T, S (2R AR T
W) ETEFNTT R AR R AR

1 ARSIk

1.1 A&

il ( Carassius auratus ) YU B F E K 7= B} 24 B
WA I G IR Y, KNS 500 ¢ A2
1,76 25 CHEAKPIEFE T d,

1.2 o R R AR

%95 & ( Curcumin ) , - BV ( Dimethyl sul-
foxide, DMSO) 164015 73k BB X MG HERX WA
Sigma A ] (), G4 1L (FBS) (48 fL#k .12 FL
T GIBCOGO A W] (£ HE) , CCl (4rHréh) il T
B 2545 A AL 25 R R0 A BR A | (), 45 TN e S Tl
(GPT) . 45 %5 5 [/ ( GOT) | 8 A Ak ¥y 15 Ak iy
(SOD) B IEWERES (AKP) (N . (MDA) A BEH
Jkit & Ak Wy s ( GSH-Px) . M 1 (TP) . & M
(Alb) FLRRNE S (LDH) 3 8 AL ( CAT) &t
FAALRET) (T-AOC) KA BEH K (GSH) X7 & A
o A ) T AR SR TR AT BR AN F], Nief2 mR-
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NA Keapl mRNA & RNA FliHi ) & & S2mt 5 @
1 PCR X & T TaKaRa A7 ( KiE) .
1.3 S&EFY) R R E s s

B T RS, JC I A5 TR S IR
JFEHEL, B F % 5 4 % 2 1R & W ( Penicillin-Strepto-
mycin solution) [ B R £ 2% 117X ( Phosphate buffered
solution, PBS) ", #F&2i A & 95% 0,1 5% CO, 1
RASM, BHTHSUE PBS thil vk 3 i, B T4
AT R 0.5 emx0.5 emX0. 5 em K/, A FAIG
I U N TU) 48 DD R EE S 300 wm, K
TRV BT & 5% 4/ (FCS) 16403 7
FEf 48 FLRFFRACT A 4 FL, BifL 6 B, T 27 C .
5% CO, A T TR,
14 BFIRSHESAIE

WG IFHLY) 7 s 48 FLAR N, Tl 5% 1 h )5,
W BRI A CCL, FIAS ) 3 8 4 35 o5 R 85 9%
B W52 B 2 0] DU Sk il SO0 40 i AR B
SYEHANTT 28 U IR, A 164085 52 560557 8 h, 3¢
REFRIE | FH164055 553608 13 , ILAGHT 19 164015 57 5
URZEEER 4 b WUE W A S W R, CCL i
XTHRZE 164085 57 5535 5% 8 h, 735 R0k 164035
FEEEVE 138, A 12 mmol/L CCl, 4k2E 5555 4 h, i
R HIFWRSITHLY R, LRI, A 1640
HFRHETE 8 h o, AR AR A, 164035 R L0k 1 38,
10 pe/ml LT Z QRS FE 4 h, WE F RS 4
SR, W RO 16405 37 3L 5 4 h )=,
FEREFREE  MASG AR (1 pg/ml.5 pg/mlFl 10
peg/ml) ZE K A 164015 TR FL AR LL 15 5% 4 h, FH 1640
FEFRAvt 15, # S 12 mmol/L CCL, 11640
RigRdk dkelbigs 4 h W DIER S A8 A
Hix4 AN EE,
1.5 AIERHRNE

Fie BR800 B 40 00 B R BV D
GPT .GOT .LDH AKP %1, A AL 513 SOD |
GSH-Px 1EE PR =52 (ATP) \MDA ,GSH TP,
Alb g,
1.6 SCRF S E 2 PCR (qRT-PCR) #& il Nrf2
mRNA #1 Keapl mRNA FRi&

W U1 R/ 428, I A & TRIZOL i 5l
(TaKaRa 2y & F= i ) #475) 3K , 2 18 RNAiso Reagent
(TaKaRa 23 & 77 dh ) 360 542 BUEL RNA

SR HIERAM-RT WL 43 66 EE 11 ( Gene Quant1300)

M E RNA ¥ B FAERE (0D, / OD, fHiLF] 1.8~2.0
MFFAARE) , H DEPC /K 8 238 ¥k &, RT-PCR
FUWAAK Z ;. B RNA 10 pg, OligodT (50 pmol/L) 2
wl, S S 22 b 8 l, ANTP (10 mmol/L) 4 ul,
RNase inhibitor (40 U/pl) 1 wl, M-MLV 5z %% 5% i
(200 U/wl) 1 pl, Hi4 A RNase free dH, O, 2 v &
FAEMATL 40 pl, LA PO E & PCR [N #% FE Ex-
Seript ™MRT-PCR Kit ( TaKaRa 23 & 7= &) Ui, 7¢
It 1 PCR #2248 ( ABI PRISM7500 sequence
detection system) F#EFT, RN AAF:95 C 30 5595
C 305,62 C 345,72 °C 45 5,33 MEFF ;72 C 1Efi
5 min, PCR F=#IEAT 2.5% Bh R 68 IS L Uk 3 T
W51 ) B R 55 91K A Primer premier 5.0 4K
et B BT AE AR AR A A G, B
HEHEBIY RN T, N2 LR IE SR 5-
GCGAGCGTAGCTCCAGTCTGA-3', J [ 5] ¥ 5'-
AAGGCTTGCCGTGCTCGTCT-3"; Keapl 3 [H 1F [i1] 5|
Y H 5-TGCGTGTTGTTCGGGCTCCT-3", 2 [f] 5| ¥
TCTGGGCGTGTTGAGCGGAG-3' ;B-actin FE[F 1E [ 5|
YIh 5'-TTGAGCAGGAGATGGAACCG-3', JZ [ 51 ¥
5'-AGAGCCTCAGGGCAACGGAAA-3',
1.7 HESH

IR HPE H SPSS19.0 47 4b B4y M, R H
One-Way ANOVA K36 b4 7 i 3 400, 45 R UL
PIE AR EZEFROR

2 gh B

21 EFHHEWHERYIAFENNRME

K1 o i ) 28 CCLARSES ATP & it
I FEAIR, 15 R 25 L 6T BRI 60. 8% (P<0.01), il
AN EZ R G, TV ATP 3& 19 8 5t
FWEWE N1 pe/mlFl 5 neg/mlif FF)H ATP 1%
JiiE e E R (P<0.05)
22 E=HEWH GV A+ GPT,.GOT.LDH %
AKP iE R RN

e D) v 22k CCL B 035 , 5 e 440 e DY i 1)
i, {555 BWE WP GPT .GOT . LDH }: AKP 3% P
B (P<0.01) (K 2), ZB KA A ],
GPT .GOT AKP J% LDH Tl 1% P4 CCL %} HR AL FRAIC,
HAr 1 pg/mlfl 5 e/ mlZE i RALFEA h 4 PP
TR E ] (P<0. 01 B{P<0.05) ,{H 10 wg/ml
LB RS 4 PTG PR 52 AN 2
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125 A% IRAL ;2 . CC A5 3 FEZE (HF VT A 55 12 mmol/L CCl, 3
Figt) 3. B WX A VIR L 10 peg/mZ R I 4.

1 pg/mIZEEE+12 mmol/L CCLAFRL ;5.5 pg/mlEHE+12
mmol/L, CCLARFEL] ;6. 10 pg/ml 23K K + 12 mmol/L. CCl, &b
A, x e HIFRE CCL X HRAIAR L 2% 55 1 3% (P<0.05) FI
Wl 3 (P<0.01)

E1 Z&EZE3 CCLRGHEIETIA T ATP SE/ %M
Fig.1 Effects of curcumin on ATP content in CCl,-treated pre-

cision-cut liver slices in Carassius auratus
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TEHERT T-AOC (1 4) , i 1 pg/mlZEH R B,
SOD . CAT ., POD 3% 7E J T-AOC B B T} & (P<
0.05), [AE 5 pg/mlZEERAIHE , POD Fl CAT i
(ERUNTE 7T

160
140+
120+ *

100+ *
80
60+
401 k%

20k **
oL [
30r
25r sk
20r

GOT 5t (U/L)

k3

*k
10f
Sk ﬂ
0 3

1 2

AKP JEME (U/L)

psdil

125 O HRZH 52 . CCL AR AT BREL (HFY A5 12 mmol/L CCL LRGSR ) ;3. ZE M EXT A (U A5 10 pey/mlZERE LG ) 4.1 ne/mIZEHH+
12 mmol/L CCLALFEA ;5.5 we/mlFEH ZE+12 mmol/L CCIALBEA ;6. 10 pg/mIZE#EE +12 mmol/L CCL AL | = = J35IFIRE CCl X IEZH

A 22 57 5.3 (P<0. 05) FIFR 2.3 (P<0.01) ,

B2 ZHEZX CCLIRGRNE &MY GPT.GOT .LDH & AKP Bt 220

Fig.2 Effects of curcumin on GPT, GOT, LDH and AKP activities in CCl,-treated precision-cut liver slices in Carassius auratus

25 EEZEXWH&RY A GSH-Px &% K GSH
#1 MDA &2/

K5 R, CCL W] i BRI GSH-Px TEPEFT GSH
i, B MDA K48 (P<0.05) . 5 CCL X R4
FHLE, 1 weg/ml 228 R W E M6 GSH-Px 16 PEF GSH
R AREIR, MDA & i 7EAS R vk B 22 3 R Ab p e v

W5 FREAR(P<0.05)
2.6 EFEZEXH AR S Nrf2 Keapl mRNA &
pey=0pA

Lzs Fxt A E, CCL BB T Nif2 Keapl %
HERIE (K 6) . MZERAILG  Nif2 JER ik i
BT (RN Keapl FEH Lk ICHH WA
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1225 A A 5 2 CCL B Ut BREL (AU AR5 12 mmol/L CCL3ERE3R) ;3. W FW AL (AR5 10 pg/mlZ R ILRIR) 1421 pg/mlLFR+
12 mmol/L CClALPHZH ;5.5 pg/mlE H % +12 mmol/L CCLALFEZH ;610 png/mlZEH %K +12 mmol/L CCLANERL , | s S} HIFIRG CCL M R4

AH 2 5 35 (P<0. 05) IR B % (P<0.01) .

B3 £=EHEI CCLIRGREETTIF T Alb 71 TP 2/

Fig.3 Effects of curcumin on contents of Alb and TP in CCl,-treated precision-cut liver slices in Carassius auratus
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M3 AbER
1.2 AR ;2. CCL %t R (YT A5 12 mmol/L CCL L3533 ;3. ZE E X BAL (VI A 5 10 pg/mIZEE R IEFE) ;4.1 pg/mlEE R+

12 mmol/L CCL A4 ;5.5 pg/mlZEFE FE+12 mmol/L CCL AN ;610 pg/mIZEHE FE+12 mmol/L CCL AL, * | #x p5IFIRYE CCl X RAL

2257 BE (P<0. 05) A W% (P<0.01)

4 EEBZEX CCLBGHEERFYF B SOD CAT . POD i&E R BHENEES (T-AOC) KIS
Fig.4 Effects of curcumin on the activities of SOD, CAT and POD and total antioxidant capacity (T-AOC) in CCl,-treated precision-cut

liver slices in Carassius auratus
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LR F R T H LA PR AR SN Nief2-ARE $1 8 A8
B

IR = 8% R ( Adenosine triphosphate, ATP) &
A=A P A2 A A A B0 BT T R Y LR TR
ATP & 7 Ak 45 2 B e AR L 4
ML B> ATP, 25 R 2 E T2, KU, ATP
R ENEN 2 EIE M EER R AR
o CCLANERS U R 16 g B S R AI T 28 A [R) i
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125 FIXHIRAL ;2. CCL 0%t IR (HFUT A5 12 mmol/L CCL LRG3 ;3. ZH B EX A (HPIH 5 10 pg/mIZE i ZIIEFE) 4.1 pg/mlE R+
12 mmol/L CCLALFEAL ;5.5 we/mlFEH ZE+12 mmol/L CCLALBEA ;6. 10 pg/mIZEEEE +12 mmol/L CCLABA , = s J35IFIRE CCl X IELH

AH EE 25 57 35 (P<O0. 05) A bt 3 (P<0.01)

Bs5 Z2EFZX CCLBMGHHEERY]F® GSH-Px &R GSH 1 MDA &2

IRZ0E

Fig.5 Effects of curcumin on GSH-Px activity and contents of GSH and MDA in CCl,-treated precision-cut liver slices in Carassius auratus
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125 FOW AL 2. CCL 800 % BRAL (HFUT R 5 12 mmol/L CCL 3R Hi37) 53 ZWEX A (MR 5 10 pe/mlZFHEILHTR) 4.1 pg/mlZEH
Z+12 mmol/L CCLALFEH ;5.5 pg/mlZE £ +12 mmol/L CClLALHEZH ;6:10 wg/mlFE B E +12 mmol/L CCLAPFRA, * | »x 4}5IFIR 1T CCl,

X HEZH AH 25 5 5. 35 ( P<0. 05) Fildk 535 (P<0.01)

6 ZEEZRM CCLBHGAMEERI R H Nif2 & Keapl EEAFRIZERI N

Fig.6 Effects of curcumin on Nrf2 and Keapl gene expression in CCl,-treated precision-cut liver slices in Carassius auratus
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B, BILAAR P9 R IR £ 58 B Pl R0 28 1 B Y
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M GSH W K EIHFE, [RlI) ROS 38 AT DL 4
JE 5 R A 5 ot SR Ak, 5 S04 i S 45 44 R T R 11 A
R A g U 4, S U A A
CCl, M2 4 h J5 , Ky &k B (SOD ,CAT .POD |
GSH-Px Jf £} GSH & 81 T-AOC) . E FEAK, [A] i)
R E AL =) MDA 5 & 3% T &, X AR b
W7 RISz [ BRI D e L s
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HERAEAGAE 7 ) Magda 257 W58 K Bl ¥ R ]
DS 5 00 36 R RS 5 3 0 JH A i 8 40 b B R Ak
(SOD . CAT J& GSH-Px) iif J1 B A, Bhill 407
1B 2 X CCLIEF M5 it AL MDA 1™
ARA BENMRER ., AXREERER, 1 ng/ml
FIS pe/ml 22 88 A 40 ) 6 16 )1 20 20 b i 48U A g
(SOD .CAT .POD H1 GSH-Px) & YELL Iz GSH & 81
A, A A T ER B CCL B S = A i A 5, gk i
REARNE BT S Ak BT G, R4 4

Keap1-Nrf2/ARE {553 ##% X 1 2 10 i K 34 i
FHVHPE AR 0T o Nef2 S22 B P 0 e IR
T TEYHAIRT  Nef2 5 H A PR 1 Keapl fBER
Ji AR 18 RS T T M 9, 76 A SR RAE R T,
Keapl Z5H M0, 55 Nrf2 i 5 556 58 2 420 £k B 80 7
AL SEIE W B L RN TG E (ARE) it 4k
fity T AH ff 5 W, J5 2h T U Bt A 10 Bl 36 B 1) 7%
SENST RGN N PR Rk, R Keapl -
Nrf2 {5538 [t 2 0 20 A0 R L il v 45 ok 2 1 3l
R CCL AR BRI, B8 Nef2 FR R
ECIRTE 2=k 2R A SR O S & e EAE T ]
RN ARG SE R BN, CCL IR , i #4120
41 Nrf2 mRNA  Keapl mRNA %} £ & B @ A% T 25
FIRE AR [] I5) X6 7 9 1t 48 A6 8 ( SOD | GSH-Px , POD
Ko CAT) T A B f B A1, 3R W CCL IS0 A H 3%,
T Keapl IR F3k , [RIRHE A Nef2 7% H 40 i 4%,
SEHUUR PR AR R RK TR HERER
APRIE | BFZ0 M Nrf2 mRNA 7K TF 55, HSOR bl
F TR AN, 1 Keapl mRNA A1 #A 1
AW R F A R N2 HER SRR R
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