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Protective effects of resveratrol against o-naphthylisothiocyanate-induced cholestasis and
its relationship with bile acid excretion

Jiang Chao, Liu Jiayun,Zhai Jing,Li Weisu, Wang Qiong, Xu Zhe"

(Department of Digestive Tumors Surgery ,Affiliated Hospital of Jiangsu University of TCM ,Nanjing 210029,
China)

[Abstract] Objective:To investigate the protective effects of resveratrol against a-naphthylisothiocyanate (ANIT)-induced cholestasis
and its relationship with the metabolism of bile acid. Methods:The liver injury model rats with cholestasis were established by using
ANIT, and then the protective effects of resveratrol were investigated. In sandwich-cultured rat hepatocytes, the effects of resveratrol
on hepatocyte bile excretion and the metabolism of bile acid from cholesterol were investigated. The mRNA levels of enzymes and
transporters related to bile acid excretion were determined by Q-PCR. Results: Resveratrol significantly decreased the activity of
alanine aminotransferase (ALT) , aspartate aminotransferase( AST) ,the serum content of total bilirubin (TBIL),direct bilirubin(DBIL)
and indirect bilirubin (IBIL) in ANIT-induced hepatic injury rat models with cholestasis. In sandwich-cultured rat hepatocytes,
resveratrol restored ANIT-induced decrease of biliary excretion index (BEI). It also decreased total bile acid and total bilirubin but
increased total cholesterol in ANIT-injured hepatocytes. Data from Q-PCR showed that resveratrol made a recovery of ANIT-induced
decrease of Bsep,Mrp2,Ntcp,Cyp7al and Cyp8bl mRNA levels in hepatocytes. Conclusion:Resveratrol exerted protective effects
against ANIT-induced liver injury and alleviated the cholestasis. The mechanism may be involved in the regulation of metabolism
enzymes and transporters related to bile acid excretion.
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122 /i i (resveratrol ,Res) | 1Z AE7E T ¥4
Yrb R —MiEY LR, BRI EATE 128 31 )8
T2 FEYI PRI, &S AR A ) A
% AGHE Kb 2 PR AR | U AR B 5 R A R b
R, 20 50~100 we/g, I FEURAIEE, H
HTAYBE ST R W, 2 A i 2 B 00 il A
g ORI PR BUEASE Z R B2 E ] AR
KRB I AEATT SR 5 ARER Y o-Z%
S FUR R (-naphthylisothiocyanate , ANIT) 175 & IH
HIRFRPE A 5T T 3 Il v IR
YERT, FFFERR A4 OB A B 20 4R AL, LA
19150 22 P RO VR R A ST A A 4 R R
2R

1 HRET®

1.1 A

2P I (SR >98% ) i R AR I A W B A
PR AR o285 FUBRER (ANIT, Sigma-Aldrich
A EE), WRRZIEFEHM(ALT) | KITAR
TRAFEEE L I (AST) R HZL 2K (TBIL) \ HAZAHA R
(DBIL) | [A] 4% IH 2T 2% (IBIL) M i & (R o A 4
TARWFFEAT) . KEEIRTTR ELISA Rl 57 &1
SIHFERE ELISA Rl o) & (- iake) .

William’s E B53%5E A& BN 62 L7 (fetal
bovine serum, FBS)Fl1 I % f{ B i (Gibeo A H] , 52
) o VB 5 (Sigma-Aldrich 23 7], 95 [H) , Percoll
(GE healthcare A F], f2[E), Matrigel 49385 e
(BD Science 2 #), 3 [ ), 5 (6)-carboxy-2,7-
dichlorofluorescein (CDF , KA BT . RNA 211
TR SERIE i PCR IRF & (KIEFEAEY A,

Wistar HEPER R 50 H BT, (K (200 + 20)g
[ R s SL s s W s AR A IRA ), B8RS .
SCXK (1)2012-002 ], FFE SRR IR (22 = 1)C,
MBJE (55 + 5)%, 12 h JGIEERR , IRk 5 K A
PRI,

12 Fik
121 REARAFRE EE

Wistar HEPERER 50 2, FEPLMEL S 41, &4 10
H, o3 IE R4 ANIT RS  ANTT+ [ 22~ i
R4 (50 mg/kg) ANIT+ A BE P i i 77 2 41
(100 mg/kg) Fil ANIT+EIEZ24H (100 mg/kg), &5 1~6
RIEH A A2 53 0 7 A e A PR K HE B, HoR
53N A T A REUR S AREE , R 1R,
557 KR IE W gk e v AE PR HE S | iR A dl

100 mg/kg AYFIET ANIT BREIM A TR S | Lksh
252 d, AT 9 KIGHEIRBRBUM , 73 25 1M i , #%
RF &7 I %E ALT  AST  TBIL . DBIL #1 IBIL, Ht
R, YOS 1 ST ok K TR G U
PR, ET 4% 2 RP R B, HT 42 HE
@,
122 KABKRITFmpIEIRG o sE

il T 74 UM AL i A s 3 e, SR
KA S it — DT I AU 2 K U S,
Y MIAF I R >95% , 4 B >95% , 4 5 4 i i E & 1
10° ~/mL, B A 24 fLANMIIE R, B fL 1.5 mL,
ARG SRR s SR, AR RS 24 h, 400 T
JEIN 5 Matrigel £ 3BT (0.25 mg/mL & T
William’s E A5 520 JE 8 = BRG" AL & T
UMEE; R AR SR R, R B 4 K, AT
ANIT 20 pmol/L, HZEEE (10,20.40 pmol/L),
37°CHFE 24 h, HTIHTHEM XL R AT
1.2.3  KABARAT fa pa e 7+ e o el 2

TE =AU A A b S35 A S Ca™
Mg* BiANE Ca® Mg Hank’s[ Bl (+)HBSS Fi1(-)
HBSS |, 37°CTiIRIE 15 min, (-)HBSS T i il B IR
YAl B A ST IR/ NS WS Hank s R TMA
T (+)HBSS 1% EIEY) CDF(10 wmol/L), 37°CHE
B 15 min JFIHVE 3 3, 40M0E TOOUEE BT
BTN ZH M ] IE/INE PRI TR, 200 B A v 1 15
L (12 000 r/minx10 min)J5 , X F 15 200 pL 258
96 FLEFbR R DO CEEFR I E 7% Ca> HBSS fiF
B AMFRITE Ca® HBSS W E 41 RO, R
PRI S B E A AL A CDF ik (&
HEAWERIE, B4 pmol/mg protein), AR
N RN B (N 23514 505 F1 523 nm,,  T1E-24
YRR S HEFE %X (biliary excretion index, BEI)
BEI=( Ap]ua_Ca++_Amillua_Ca++> / Aplua_Ca-H»X 100%,
124 KRABRARIFpe P ieitsy, 2E i ek
9 A

4 L S A2 R Tl O R R R R AN S T &
3 000 r/min B5.0> 20 min 5, M50 pL B EHEH
T, SRR (TBA) S AHERE(TCL) S AHAT
ENnwil e iU e IR TR R o
1.2.5 KRARNKT e b Re iR, sk
) & A ]

i FH RNA 4 BG5S 32 U 40 i (4 51 RNA,
FFIA T % 573845 cDNA fHH SYBR Green 1EH7%¢
eyl I 17 RE i PCR 5T, il i ia i il 2 Fg g



<1374 - Moa BB R o o

5535 &5 10 45
2015 4F 10 H

BEBE I L DR B IE ™ ) B RNV S, DL 27249 A
X R O B AT 0 A, I Y E A A A
i I [E 2 7a— 321 (cholesterol 7a-hydroxylase,
Cyp7al) | [EEE 12— ¥ 1L (sterol 12a-hydroxylase,
Cyp8bl) DLR AR LIk Nat— i IR It iz 2
AK  (Na +/taurocholate cotransporting polypeptide,

Nicp) . RHIT RO HERE 12 7R 22 25 25 AH G EE 1 2
(multidrug resistance-associated protein 2, Mrp2) \JH
MR Eh S HE R GiEY)s 2

FILER 1,

(bile salt export pump,Bsep) .,

F1 RS AEHEXEENSIYFS
Table 1 Primer sequences of bile acid transports and

metabolism enzymes

Ens FF3(5'—3") K/ (bp)

Ntep CTCACTTGTGGAAGCCCAAAG 208
TCACGATGCTGAGGTTCATGTC

Mrp2 ACTTGTGACATCGGTAGCATG 495
GTGGGCGAACTCGTTTTG

Bsep ATGTTGGAACGGAGGAACTG 205
CCTTCTCGACCCGATATTCA

Cyp7al  AAGTGACATCATCCAGTGTTCG 372
ATGCACTTGGATCCTGAAATCT

Cyp8bl  CAGGGCATGTTGTAGTGGTG 156
GGTGGCTCTCTTCCCCTATC

13 %it$H %

S IR + AREZE (X = 8) TR, BT
K1 SPSS13.0 it #4443, KM One-way ANOVA
PR R 20T , Wi L3 K B Newman-Keuls 3 .
P < 0.05 NESFAGIHE L,

2 & R

2.1 @FHEERT ANIT SR G AR KR 6 if 552
B0 %76

B KBS T ANIT WSS, i3S ALT,
AST ZKF-IH b T, S IE R 4Lk g, AT bk
25 (P < 0.01); ANIT+ [ 2E 2 B B 4 ANIT+

P 2 7 it 2 ) 2H R ANTT+ 5 26 Z8 20 K B i 375 v
ALT AST K-SRI L i TR (R 2).,
2.2 G P EES ANIT BUF GRS KR o ifleic
ES R

B K BAELL T ANIT @RS, 1Ly TBIL,
DBIL  IBIL 7K~V S 340, 5 1F 8 4 K BUM b, B
HBEMEZES (P <0.01); ANIT+ [ 222 B ) 4
ZH ANIT+ [ 22 s A i 2R ANIT+ S8 SE 2 41 K
FLIM 3 TBIL  DBIL . IBIL 7K F-B i A%, Sk
HAHLEA REVEZES (R 3),
2.3 GF BB ANIT 545 69 R AXAT 2a fie o Az i HE
i A

CDF oS IR RIS , w4 s
ALGHHEARR/IVEN  SRAELEAM R RV 7R
B Ca? Mg BYSMET , B A2t it 240 A ) 7 5 % i
FORFEE R, R/NVE RFEH AR, LR A
CDF AJ%{E@%QEHB@V\]%DHE”&*E’J CDF Jji i, 1124
JEACHF AN 5 TC Ca®* Mg* ) Hank’s RIS, B%
AT, IH/INE I 28 0 A | 9 440 et S 4k
T AMHE R E /NS A v 1) 24 W R s 28 2 L 37 T
e SCME AN AL S 4R () CDF i, PRE, X
ALMUEZ 2% FAMERNE P&, A
152 BEI {Hik %] 53.4%, %57 ANIT (20 pmol/L)
48 h J5 ,BEI TR 22.6% ., BEA 45T (122 2 g
(10,20.,40 wmol/L) , A ¥ & Hfs 4 3% fin BEIL 1)
HE 1),

&2 BEAEX ANIT BAHHR G §M0FRE SR

Table 2 Effects of resveratrol on the serum transaminase
in ANIT-induced liver injury rats (U/L,n=10)

45 ALT AST
IEHH 312 6.9 128.7 +29.1
ANIT 21 284.1 + 51.8* 358.2 + 45.9**
ANIT+EFE S EARRIGEZ] 219.1 = 36.4*  289.1 + 36.2
ANIT+EZE AL ZH 1529 + 37.9%  216.4 + 53.7%
ANIT+EEZAH 148.1 + 31.8% 208.6 + 39.7%
S5IEHALLE, **P < 0.01; 5 ANIT 41 L, *P < 0.05,%P < 0.01,

&3 BEAEX ANIT BRI EEMEBL R0

Table 3 Effects of resveratrol on the serum bilirubin in ANIT-induced cholestatic jaundice rats (mg/L,n=10)

4 TBIL DBIL IBIL

EHH 2.38 = 1.55 1.83 + 0.45 0.55 +0.13

ANIT 21 28.12 £ 5.31** 2431 +4.83** 3.81 £0.79**

ANIT+ A 22 I 40 10.47 £ 237" 8.37 £ 1.32% 2.10 + 0.56"

ANTT+ [ 2 i s 0 e 2 6.09 + 1.24% 453 + 1.02% 1.56 + 0.37%

ANIT+E LB 5.95 + 1.92# 4.85 + 1.03% 1.10 £ 0.21*
SIEWANE, " *P < 0.01 ;5 ANIT 241 4, 7P < 0.05,%P < 0.01,
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\\"efgx & . “
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Mo Pﬁ\ I
WY T MoV SRR, TP < 0.05, “"P<0.01; 5 ANIT 414, P <

5t b, * P < 0.01;55 ANIT 40 b4, *P < 0.05,%P < 0.01
(n=6)
B 1 BEAEX ANIT #5445 8K RER =& A&
B b BEEHEM 5 8 (BEI) B9 M
Figure 1 Effects of resveratrol on biliary excretion index
(BEI) in rat primary cultured sandwich hepa-
tocyte models injured by ANIT
2.4 3B B ANIT 545 49 RARNT 40 e % Az
A R i LR LR b o S b R
45T ANIT48 h &, A JIH [ B R 55 0 R 4 1)
64.7% , STTIR & i ETH X IRZH Y 1.83 £, GUIH
IFEF i LI R RA 2.02 15 (K 4), BRELAT
FIFEMTEE(10,20,40 pmol /L) , T V& BE MR Hb e o
20 A G E TP 0 5, BT B IR PR A IH AT 3R
By,
2.5 @ RF B RARAT an lafz it He AR X ARiE K
Fa R 7 o0
25 T ANIT A DL i % P IX Bsep Mrp2 Ntcp.,
Cyp7al 1 Cyp8b1 ) mRNA 223k ; M 45T 12 2 i

0.05,"*P < 0.01(n=6).
B2 BEAEX ANIT 5% KRR L AB T HEt R

KB EEE mRNA RIXAIR0
Figure 2 Effects of resveratrol on the bile acid transports
and metabolism enzymes in primary cultured

hepatocytes injured by ANIT

(20,40 pmol/L) W] ¥ BE HCHi b TH =5 Bsep Mrp2,
Ntcp . Cyp7al .Cyp8b1 B mRNA ik,

RIS =

BRI B W LB AR IR 22—, i A2
2%, W10 3 RS P IR RO T A e S i
THRBUE S, ANTI 2 —FhEHE 0], — 77 1 i
AR S EAs 7, AR I 21 3R S B 25
& HEM LB, ST ARSI . 55— T5 1 T
B b K AR, 51 T 20 A0 A K /N ] JE A
7 A AT, e A BUIBAE R IRBE v i 5 |
JEAE BEL 2 | T B U S B4 BEL R T e B, R BB LA

F4 BEAEEX ANIT H5i45 8 FE A FT 20 A o AE E B0 fE i R & E a9 #200

Table 4 Effects of resveratrol on cholesterol and bile acid in primary cultured hepatocytes injured by ANIT (n=5)

215 2 IH [ % ( pmol /mg protein) S HB YR (nmol/mg protein) JSHHRLZE (g/mg protein)
Xif IR ZH 2.58 + 0.65 18.32 +2.23 67.12 £ 5.14

ANIT 24 1.67 £ 041+~ 33.48 £ 3.74** 135.80 + 12.16**
ANIT+HZE P 10 wmol /L 1.69 = 0.32 32.15 + 3.65 112.43 + 14.08*
ANIT+HZE P 20 mol/L 2.09 + 0.42* 25.15 + 3.07* 105.87 = 11.73%
ANIT+HZE M EE 40 wmol/L 243 + 0.52% 21.03 + 4.21% 86.39 + 9.69%

Syt AL e, " P < 0.01;# 5 ANIT 41 b4, *P < 0.05,*P < 0.01,

ARIRFC Ry F 04 IS o 4 M 41 38, 7 A B D RR P
I8, B AT R MURE AR T4 ik 07 KBRS T
ANIT W] 3 528 L IR YR BRIV e sl i A |
HT 25936 S B 2 LRI Y, 7RI
R F ARBIFGEIESE , I B RE 0 2 AL ANIT Tk
I35 %% % JitF (AST #1 ALT)  HH4T 2 (TBIL DBIL F1
IBIL) 7+ , B A S E VE

oA B DA 40 I A 22 TS A Y
HRE, AAHTHIR & UM% 15 B IR R A EH
A, AR ARG RE 1 S 2 hh 2 ki iRk i 3=
IBAE  RARSN AT W 25580 TR AR R iz
AR MR RS = NG " SR A S U T
TERSR 0 15 37 I 8] A 2835 2 0 335 41 B PP AEE AR5 A £
TR TR IZ D RE , K 2 A A 1, 40 i 2 (B0 J o
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[ ANIT 2 30 T REYHHE 5348 BEL, $275 AN-
IT HH K T I SE B 4 M i i PR s B e 32 4, =
SO0 L S I AR, TIBE 1 2 T D e
G A TF I AR B P9 B IR TE AR, B IR HE T 53
. 16 ANIT 20 wmol /L A3 T ST 375 1
JERZ B, il MTT 1 LDH (95255 0E 52
DA, S SCHfEI , ANTT A 22 2 B AE v H-HEH Y
SR 1] BE 3 TR a5 TS 5 A0 AR B i R
HeMtDIge

JEI 75% d A A= B, IERE LT, BRT
TR S R R A R, YT
BT R ABRAART , s g RIRGE B . Rk
IS A 52 56 v 38 IR S P 2 R AT DB B R AR
ANIT Fr SRR LR T, B R AR, IH [
EMT IR G ARSI BT, B AW T 20
JL A SR T T R T T SR R R
] e R AR P b A3 ANTT 9T 380474 R 71 1 — AR
TR R A

JIFL T AR PR A 12 i AR S 5 I A -9
S IAH S0 JFF A P A BELT R — T JEF A L [T
25 CypTal .Cyp27al 1 Cyp8bl & i%°'; o5 — J7 1
R MMV v A 5 BB« A5 T 240 i 5 bR B (s
JEEAN) FOFRIUEIZ AR Niep PR HE R M I I8 23
b3 AN 2 1193 [ R o U B TR R v g E K= 1
JE 1 B S NHE R 32 A b B RRAS o, R Mip2 %
12 H A PH I TR 25 & MR FR 25 & AU AHR (1121 Bsep
BEIE — My U fIEER (5190 ANTT A] 03] IE -2 1 i it
Cyp7al Fl1 Cyp8bl, T JHHEHU% iz (& Nicp SN HEH:
iR Mrp2 Fil Bsep W335, AMNHERG iz R R I/ AT
TELHE S S 240 M 1 AL TR 43 B sk 2> | 2 L PN IR
PR 25 B T T I R RS 2 AR B TR R AT
SERRTT YRR A B BT, LD AR B Sk IR, (A
FPEE ] LX) ANIT B I R HE A s
HEATIR Y, e IR

gr b, AR PR AR B IR B 2k
MR RFRAE A . ALK AT RE 5 R85 40
R R HE AR AR B A i R i e ik IR IR
[ P - R R A e 12 RS A G
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