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Abstract

AIM: To detect the expression of drug-resistant
related protein (MRP) 3 and MRP4 genes in
pyloric ligation induced hepatic injury in rats.

METHODS: A rat model of pyloric ligation
induced liver injury was first developed. Serum
indexes were determined, and HE staining was
used to observe pathological changes. Real-time
quantitative PCR (qQRT-PCR) was used to detect
the expression of MRP3 and MRP4 in pyloric
ligation induced liver injury.

RESULTS: Serum alanine transaminase
(ALT), aspartate transaminase (AST), alkaline
phosphatase (ALP), BILD2, and SBIL3 were
significantly increased in model rats compared with
normal rats (P < 0.01 or P < 0.05). Macroscopically,
model rats showed liver congestion and peritoneal
effusion. Microscopically, obvious hepatocyte
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fatty change, edema, liver cell necrosis, and liver
cell apoptosis were noted in model rats. The
expression of MRP3 was 3.5 times higher in the
model group than in the normal group, while the
expression of MRP4 was 0.05 times lower in the
model group than in the normal group.

CONCLUSION: Pyloric ligation induces liver
injury via mechanisms possibly associated with
regulating MRP3 and MRP4 expression.

© 2016 Baishideng Publishing Group Inc. All rights
reserved.
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T

BH: i#@id %2 FPCR&M (real-time
quantitative PCR, qRT-PCR)#) 77 35 #F 5. % it
24 8 % %% & -3(multidrug resistance-associated
protein3, MRP3). MRP4 X R a1 %
FUHEAT AR 45 o 04 F38 LAk

Fik: RA &I EES XK ATHRGAE
M E i IEAR. HER &k 4 TUR
FRIE A T, qQRT-PCRF % #F CMRP3.
MRP41E i [ 45 JUMLAT Fi45 K R A= B9 KR
B2 22 o 09 5k T AL,

R BRI L EE AR F SRR
B(alanine transaminase, ALT). &34 R B
(aspartate transaminase, AST). #Ak R B
(alkaline phosphatase, ALP). BILD2. SBIL3
&30 B3 5 (P<0.013.P<0.05); P BRILE
AEAE K FAT IR . AR, B EFI
AT m AR A R G K KRR A RS
Aréafe K EHt. AFR,>Fme AT, I
f fL B K G MRP3f& ik Lif £ EF 218935
f&. MRPAFA T £ B 20690.0545.

it NEILTINRTFFRGERAGH R, 5
BT 4m JeL & &9 MRP3. MRP4#5AY A £.
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JH- 40 J JE 22 i 245 #H 9% 2K F -3 (multidrug
resistance-associated protein3, MRP3). MRP4
Fe LM R, AT PR A HLBH &S
THizEA. IEFAEIRET, A AET R
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HBLK BRI ST 5, W1 25 41T 5158 B 547,
BB S, MEEMRP3 . MRP4A7E I
TR IR AR, 0 W AR RS JEF R AR -2k £
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BRI HE.

1 RIAGE

1.1 ##+ SD & KR, SDFZR, 157 &£1200 g, i
T AR LIS b DR A, SZI YA A%
IES: SCXK(3)2014-0029. Sh¥IH L SRNA
PR [ RAR A AL SO R A R A 7, it
5 DP121221]; cDNASE— & ik & [ RAR
A AL RH A R A7), fik5: KR140818];
miRcute miRNA G E Bl &[R4
FORMEAR A A, #5: Lot#N3028]; /KEH
E. FE: MRP3. MRP4%&E3E KB 5154
[EH 2R AR TR (R I A BR A 7] & s
B HiEZ i (aspartate transaminase, AST)iR )
SUEEP BRI WA R A A R4, #s:
20140618); &N ¥ % F#(alanine transaminase,
ALT) (4 E B k7 2 Wi PR A 7§24, it
51 20130206); BILT3({&[H 2 [y i2 Wi R
AERAE, LS 20140618); BILD2(1E[H %' X,
PR WA IR A A4t #65: 20130206); Bl
41§ R (alkaline phosphatase, ALP)({[E %/
IR IZ WA IR A R 44t #65: 20130708);
At H IS A AL Y (glutathione peroxidase,
GSH-Px)(F§ ui @AY TREF O fft, #t5:
20140903); 8 H IR ) & (P AR
VTR O3, HiES: 20141128); SERfE &
PCR(real-time quantitative PCR, qRT-PCR)#%
MAL(FL5: AB Applied Biosystems, Stepone);
B AR R GRS WD-9413B, JbaiiisN—
ST 3R, HEA R E L HL(RL S TGL-
18R Refrigerated Centrifuge); 2/ EW) %4
1L TAFE & (F45: BH-C-130011 B2, VLM %%
TRFEARERAARM); TGearft B B Lo AL
(%45 0SE-MCS8, RIRAEMNEA R A A 42
fit); #WiAE1000~ 100~ 10 uL(%5: eppendorf
Research plus); % K4 H A HT(ELS
cobas ¢ 311); FEFRE(EY5: SUNRISE); 44
SRR TeFthal); Mk (B 5.
DY Y-6D%Y, dba /s — a8 #24t); me
(45 G8OW23YSL-VO, ffl 1Ly T A [X 4% 24 A
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T S A IR A A 4R AL, AN B 5 3R A
(RIRARHA R A R 1R 4E); B BEPCR(EY 5
Multigene Gradient).
12 Fik
1.2.1 3% 5] i w9 Bl 10% H % : BX10 mLH
B IN36 mLZETR K, 10%7K A& &BE: 10 g/K
G B E A I E 218K 100 mL; DNase I T4E
#: HX10 uL DNase Ifif {7 BT IR Nase-
Free® D&, MMAT0 nLZEMHRDD, %
RE.
1.2.2 a1 LU AT AR5 B AL 6 3 5 20 R
& KB, fELIEIREEIEN 1 wk, 4R F &
BEAL > 2 2H, R IE & MBI . SEI6 T IR )5
AR RAR K24 h, FH10%7K & G R IR (45 25 771
3 mg/kg), T8E M B, ELE G TR
SEHLEATY, A AR, KRG BB TR, AERK
16-18 h, FH10%7K& Sl RRRE, FFIE, 18320 ik
SR, BUFE. 73 B 5 (FE37 CRIHRIIE30
min, 3000 r/min, #5010 min, B_EIEB) % H.
JF A A= 3 /KIS e, AR, Ul o4, W
RIFEHE, -80 CIRAF& . —HB7 [ e E10% H
24 h, HEGL 4, TE85 N LG B A2 L.
1.2.3 #mld 4R (1)IE Mg TR FR: ALT.
AST. ALP. BILD2. SBIL3. GSH-PxZ:f&#r
(000 7 44 R ) B U B R R A (2) A
SURELAL A HOK B [FBAL R 2L, K/
5mmX5mm, BT 10%F S, [EE24 h. #£50
FABE RS B /K AN — FR2RIE B Ji5, (A e A3,
H45 umiELL ) F, FIHEZE YL, 8 R ge
AL, (3)qQRT-PCR: FRNARJHREL, 0iks
S WROGE BT HG W0 ) 2 4 B R
PRERAE. PCRYHG S S 1) 55444495 °C 15 min.
95°C 10s. 60 C 325, 60 °C 1 min. 95 °C 15 min.
DA IR H vl s Bt S B 2L R (GA PDHDTE R o 18
SEIG A B0 TR, 42 Ak T H ARt R A
K BIHERGIVF L. FERUERNAZLE
R A 5600503 M 1.8-2. 1 1).

Gt AR (M5 4R RN HSPSS17.058 1T
B, 5 Limean £ SD#E R, P<0.05 N ZEHAH
it L

2 $8

2.1 KA 1745 JUMAT 3745 ) M AL AL < e 7 45
FregFra S5IEH AR, B AST. ALT.
BILD2. SBIL3MJ & T IEH4H, Z7 A%
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2EE Fifs5'-3 Tis5-3'

GAPDH GATTGTTGCCATCAACGACC GTGCAGGATGCATTGCTGAC
MRP3 TTCCGATTCACCACTTTCTACA GGCAAGGATTTGTGTCAAGATT
MRP4 GAAGGAAAATGAGGAAGCAGAG GGATGACTGTTGCCAAATC

xR 2 KEHNSIEAHRG SR BN S TSR

0@ (7 = 10, mean + SD)

£ IEE4 LRt L)
AST(U/L) 149.58 + 28.52 861.63 + 195.63"
ALT(U/L) 30.43+4.72 198.25 + 60.05"
ALP(U/L) 121.92 +22.01 143.67 + 26.53°
FF4851 2.67+0.17 2.88+0.15°
BILD2(U/L) 0.58+0.16 0.84+0.16"
SBIL3(U/L) 0.33+0.27 0.89+0.33"
GSH-Px(U/L) 259.12+55.22  210.76 + 45.55°

°P<0.05, "P<0.01 vs [FE2H. ALT: STRIERES; AST: S84E
&5, ALP: TIEBEBAES; GSH-Px: SHE RIS Y)ES.

1 IZBVERNAER. M: maker; 1, 2: IFH4H; 3, 4:
FEEAUZ.

THEE X(P<0.01), BERIHALP. e E
ETIER A, 255 BB S L (P<0.05). i
A2 GSH-Px B 2. P I (P<0.05)(K2)

2.2 KR s 1] 25 UM AT AR 4% h 4 B2 AL 3 AT A 28
Ly Hra Br N ML AR, B K R
L B A RE RS . Kb A BT 4
KEIRFC A 5050 A0 H 8 T2 55 % 4 el % (B
2A, B). KBRS AR B, R 9 I % K
(E2C, D).

2.3 K R 1] 25 FUME AT AR A% 3h 4 B AL 33T 4m B
2% @MRP3. MRP4# %4 FHqRT-PCRIG
D 1 5 4L 51K R 3, W05 JH 24 e i
FIMRP3. MRP4EIE 00, 5 IEH 4 LR
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TR ZH % P40 A i 2 (I MR P33R TA 5 1E 3 41 i
2355, WA MR IMR P4 R IL 5 IEH
HTIHZE0.0565(FK3, K3).

3171E
SR B PINR: BALTE T LI, B
W, M@, AR ZBEAL W AR
BT FATZIE. RA “HE =R, BDERE
EUA T AL BRI KK ISR T B A, £
IEHASNT “WML=fe" AT shd P, I
s AR ThRe, a2l BN aEYEER
ELA T (LA E KT, Bl RS EAT. e
BT AREAT. gRERAT. A ERIA
FEEN T —) B s H R AR FLBE; b
TH Ak A5 B TS AR A R W 5 i A K A
O3 PR R R AR SRR, b vlE AL Sy
I R 28 ik T s 22 TP

5 2 0 R IR A T il i,
BT, “@h” zmabn, ook, K.
.k KER LR P2 KL RIE R Z
b, i AR AR ) Z T,
W R BATZIE. AR AR
WL o IAE” R CAREA R 2 AR, fE
IKB RS A T, B Al =] fr ik
(HF iR Z —)" Z A 3 5 P9 T 3 B )
il 1 2 Jik Tt 32% 5 IR O 1D 350 40 6 B O i ot
“A R Z AR AR MR, TR AT P AR
BHA LT 2 R — AR HBOU B T R A, H
Bhigg a7 B 2 ik

SELEXT TS B O R AR B AR
(RS R 22 JOE 1% ZE FFIE. R &, R
A FA RS VU R B0 R S B
AL =RE” BhAS T B R 1 13 A Ak 5
FARLIRETR, MM E] R —AESs, BIFFAE.
BREART B (HH) WINEITHRE
KA AR S« B (B Bm IR RIa R ;
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;] 3 HARIR-ADRIAH NI SRR A0 R R AT 4BAE
[RZEEMRP3FIMRPARISEZNA (7 = 10, mean + SD)

£8 IEE4A BRI
MRP3(ACt) -5.8544+1.2353 —7.6438+4.6084
—-AACt = 1.7894
2 hne = 3.4568
MRP4(ACt) 25222 +1.2515  6.7146 +3.9845
—AACt = —-4.1924
g bt = 0.0547

HEE CBEmIRL ; A RILANY “IRYT
(EHY ERA” ; BUEEZ LR 1L B
“CHBEREIT AR Y B St R
B SRR METT” ; ARSI “FE
BT (ALY 234517 45 SOk R AIE B 5 =
s PR b JFF A AT 5 3 5 P 175 450 B 2 1) A L P Bk
AV FHEIRZELL REEN HIRS Ti2H
AT B, PR Ah SR A4 2 48— 1A,
AP FEREEANAS N IR B g B ) “ =
M7 F“txR”, dmem e E R “Hi=
Be” BIBhAS P, 3 — D s 2.
S0 4 RN, L HP I A AR R A
BB MEFEARIIAST. ALTH] & TH7; ALP.
JFEFE %0, BILD2. SBIL3W A& TF; ATHE
HZh GSH-Px W] & FEAIK. 2 /82000-09H A%
FoBRR S E RS2, RFEaw
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BV, A, C: IEHZH(A X 400); B, D: #FIZH (B % 400).

SVERA BT R O FE VI 2 (R BE M) B i6
HE) bR iR, MigHa £Tt e, —
BLEEAHA O8N, ik Rt 7T . GSH-Px
S 4 A P BT I AR A T Bl DR R G
(1 E By, AT E AL E(lipid peroxide,
LPO)/3 fift A B B RE, B IELPOY RIS K
i ok S A A P AR XS SN, 9L PO
A DR LA S 2 B 2. B gl R AT B
PETEIE IS B R O SR A A TG RR, BB
bR &40 R %

JF 40 B A 25 FAIMR P3 . MRP4J2 2 it i 5%
R, REATPHGR I A LA B Fikie & . IF
HAHRA T, MR BRHEME R Foxd 4 FF
PR R P A Al O Y. MRP3RIA T A2
G G B 2 A4, WA, B
g%, FEHRBURE T, BN RSN
FE R 7K SF 38 o, 52 2% 1D 3 7 M e e At 8
HETHCHU AR 473 L 2 JEC M) e
MRP3FIMR P42 JH- 2 A i B7 22 43¢ 1) B 22 1 e
BEA, N FEN TR, IR
S 25 P ) e 1a B,

B2, W3R B Bm, b iER
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BRI TV IE IR & SR R 2 R H iR
FABAE B ELEHEAT .
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A Melt curve B Amplification plot
300000 10000000
= 250000
o
Eg 200000 1000000 -
o
& 150000 s
2
§ 100000 100000
5]
O 50000 —
| | 1 | 1 . 10000\\\\\\\\\\\\\\\\\\\\
65 70 75 80 8 90 95 0246 81012141618202224262830323436384042
Temperature(C) Cycle
ma wb mc md me mf ma wb mc md me mf
c Melt curve D Amplification plot
250000 10000000
=
% 200000
g 1000000
S 150000 =
o &
2 100000 J
g 100000 {=—=———
8 50000 =
| ] L | 1 10000\\\\\\\\\\\\\\\\\\\\
65 70 75 8 85 90 95 024 6 81012141618202224262830323436384042
Temperature(C) Cycle
ma b mc md me mf ma b mc md me mf
E 40 - Fi2:
33 1.0 -
3.0
@ 25 Bo8
0 0
1 2.0 %06 r
g )
515 §Q47
1.0
05 0.2 +
0.0 0.0
EHEA FRIZH EHAH FRIRZH
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fHEZE; B: MRPIFUER I 3R1A; F: MRP4IUE I RIR.
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of Fxr and Shp in mice induces Cyp17al and
results in juvenile onset cholestasis. | Clin Invest
2011; 121: 86-95 [PMID: 21123943 DOI: 10.1172/
JClI42846]

3 Scheffer GL, Kool M, de Haas M, de Vree JM,
Pijnenborg AC, Bosman DK, Elferink RP, van der
Valk P, Borst P, Scheper R]. Tissue distribution
and induction of human multidrug resistant
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Denk GU, Soroka CJ, Takeyama Y, Chen WS,
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