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Effect of chronic liver failure on the function and expression of P-GP and

MRP2 in rat brain
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Abstract The purpose of the study was to investigate whether chronic liver failure ( CLF) induced by thioacet-
amide (TAA) affected the function and expression of P-glycoprotein (P-GP) and multidrug resistance-associated
protein 2 ( MRP2) in rat brain. CLF was induced by ip injection of TAA (200 mg/kg) twice per week for 12
weeks. The rats were used for further experiments 24 h after the last administration. The function of P-GP and
MRP2 in rat brain was determined using the brain-to-plasma ratios of corresponding substrates ( rthodamine 123,
Rho123 and vincristine, VCR for P-GP; Sulfobromophthalein, BSP and dinitrophenyl-S-glutathione, DNP-SG for
MRP2) ; Western blot was applied to determine the expression of P-GP and MRP2 proteins. The results suggested
that CLF increased the brain-to-plasma ratios of Rho 123 and VCR, while decreasing those of BSP and DNP-SG.
Western blot results showed that CLF decreased brain P-GP levels, while increasing MRP2 levels. In conclusion,
CLF may decrease the function and expression of P-GP, while increaseing the function and expression of MRP2.

Key words P-glycoprotein; multidrug resistance-associated protein 2; chronic liver failure; blood-brain barrier
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REAY AR | DT A RS0 i A ) 43 A o

RSB C W% ( thioacetamide , TAA) 5
SR AR 560 K U A P-GP i MRP2 (4 i
FFIR I FER

1 # #

.1 & Al

TAA F1% F}B 123 ( rhodamine 123, Rho 123)
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R BRI P R A A 7Y, B4 I 0 BB Y7 0 . AT,
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AT LR AT 02 1 0 40 0 1 5 K U AE
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10% 48 7K Sy ARV TR A2 , TR 0 €0 )5 B 2R 1 44
AU 4 wm JEY) 0, I8 ARG -2 (hematox-
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2.1.3 K EJuA P-GP = MRP2 Zheegml = i P-
GP Ji# Rhol23 i1 VCR A28 T H.24 3 3 I 2 HLAE
FRZH R L Hh kB3 L IEAY P-GP B IhEE™ . 43
TR BUR i bk 13 55 Rhol23 (0.2 mg/kg) Fil VCR
(3 mg/kg) ,45 min F1 1 h J54b50, BUK NG K2 )2 | i
LA I, 150 43 B 2 AR U DR A T 300 22 25 )
FH MRP2 Ji¢# BSP™ il DNP-SG' ' ) T H
2, 3k I HL g A 2/ 0 3 vk FE L ITA MRP2 (1)
Difiee 5l K BUR # ki 45 BSP(37.7 mg/kg)
1 CDNB (6 mg/kg, DNP-SG [ fii#4) , 30 min FI
15 min J5AEBE, UK il J¢ 2 1 B F A i, 5250 5
BRI AL AR A FH 00 5 25 vk B
2.1.4 XA BBB m&meymz FEBIENTH
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U HIIKE ST EB (80 mg/kg) ,24 h J5ALFE, UK
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KK Bz )2, ¥ 5 F L AR AR o Rhol23 F1
VCR 3 2 43 51 5% il HPLC-FLU 1 LC-MS Jy 31k
FFsE"" . Rhol23 e ik 21 2 A1 5 r e ARG A6 00 R
434 0.3 ng/g F13.9 ng/mL, [FISCRI KT 85% ,
H 255 H N2ZH/NT 10% |, 26K 440 Rl 3% 2k
PEYE 435 R 0.3 ~ 10 ng/g A1 3.9 ~ 100 ng/mL,
VCR FERKZHZIFA M 3% A IASII B 5337104 1. 25 ng/ g
131,25 ng/mlL, [FISRI KT 85% , H ] ZZHH A
ZEXINT 10%  FEMGLH 2RI 3 2t B 430l R
1.25 ~20 ng/g F131.25 ~1 000 ng/mlL,

A BSP vk B R AT LC-MS Jy i i 47 )
E o KRR K22 0.3 ¢ Flifg 55 0. 06 g, 435
IEEZEZK 1 mL 1200 L il 235 o B2 g )
45200 WL, 2B A ANAR BB(2. 5 pg/mL) 10 plL
P 10 s JR-2T, A ZE 600 wL 3 JiEPR % 10 min,
PRYR 5 B0 (18 000 r/min, 5 min), B _F 7
500 L FAS e T . fi 2 7K (0.05% ) 100 pL
SV, IR 3 0 (18 000 r/min,5 min) B F 7
W 80 L ke, B an s e 2 i
M %5 25 1A (EST) 5 B 71 4 Negative ; TEFE4 & 1
W5 gy 78 50 975 ) % B EE 250 °C; CDL H J&
20 Vi iR EE 200 C 5B -4.5 kV; K
e 5. 1.6 kV; #7025 1. BSP m/z 395.85[ M -
2H]>" ,BB m/z 668.75[M - H] ~; 5 4L < i
L5 L/min; TR 5.0 L/min, @AM .
141+ f Shim-pack ODS C 4 (150 mm x2. 0 mm,

5.0 pm) , #1540 C . FshHH A 2 0. 05% 2K,
A B 2 O Wik 0. 2 mL/min; #FAE 5 L,
FEEVER AR F:0 ~1.0 min, B:10% ;1.0 ~
5.0 min, B: 10% F} 5 % 60% ;5.0 ~ 6.0 min, B:
60% T &% 10% ;6.0 ~10 min,B:10% , BSP TEJN
ZH AU I 2 f ARAS I FR 3 531 g 15. 6 ng/g FlI
6.25 pg/mL, [MICREIRT 85% , H W] 22 F1 H A 22
BN 10% , 75 ik 241 2R I3 rp 42 3 B 43 30l A
15.6 ~1 000 ng/g 1 6.25 ~400 pg/mL,

FEAS H DNP-SG 19 3¢ J& 3% F| HPLC-UV J5 &
AT AE S . RS PRI 2 0.3 g Rt o
0.06 g, 70 5 i 47K 1 mL 1 200 pL 2]
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13.5.B:85% FI& % 17% ;13.5 ~20 min,B:17% .
K 9% 1 ok 365 nm; R AHE 0.01 AUFS, DNP-SG
TE I ZH 2R I v S ARSI BR 20531 Oy 0. 31 pg/g
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WZEIE/INT 10% , 15 1% 2H R0 1 3% v 2 1 3 1L 4
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Table 1  Physiological and biochemical parameters of the rats with
chronic liver failure (CLF) (x xs)

Parameter Control(n =5) CLF(n=8)
Initial body weight/g 193 +4 195 £5

Final body weight/g 515 £21 357 +24""
Liver weight index"/% 2.42 0. 17 3.78£0.13" "
Spleen weight index”/% 0.30 +0.03 0.47+0.06" "
HYP content’/( pg/g) 169.75 £23.28 456.83 £110.04" "
ALT/(IU/L) 9.78 +1.13 22.92+7.21""
AST/(1U/L) 13.38 £2.56 20.48£7.92" "
ALP/(1U/L) 162.03 £24.59 569.50 +85.23 " "
Total bilirubin/ ( pmol/L) 13.49 £1.71 25.69 +14.13"
Conjugated bilirubin/ ( wmol/L) 2.39+0.52 4.48 £0.49""

“Percentage of liver weight to total body weight;’Percentage of spleen
weight to total body weight;“Hydroxyproline to liver weight; ALT; Ala-
nine aminotransferase; AST: Aspartate aminotransferase; ALP:
Alkaline phosphatase

*P<0.05," " P<0.01 vs control group

Figure 1  Liver histology of rat in control group ( A) and thioacet-
amide-induced group (B) ( x100)

3.2 R XK SN P-GP 7 e 69 % h
Z5TK WU WK TE S Rho123 (0.2 mg/kg)
45 min JEAb3E, MAG IR AL 21 H Rhol23 ¢
PITF A2, HRFWIRAEPIALRY Rhol23 (Y i
JE TG 22 5 (R AR IR A 2K ORI B J=
Rhol23 ¥ i B3 J1#5 (P =0.039) , Rhol23 [z

J2/ M H B b (P 2) o B 3 s T X R 4L (P =
0.004) , 75+ Rhol23 [ 455 5 KM K2 228
ST REEFIIKTES VCR(3 mg/kg) , 1 h 545
M AL VCR 5 Rhol23 (45 3 #—3L,
LRGSR IR P-GP P~ LA JEEY) Rhol23 I VCR
TP P FE A 05 A R M/ L2 3k B b S 2 4 o, 32
SRR R TR R UK R P-GP B S RE AT fE T 3 .

Bk BBB 442 1ATRE T id, Hog sk it 2
5 R P VR B 3, AR S35 38 5 58 EB 7E K
oG 7 J2 R T 1) 5 R A i BBB g sk, 25 R (5%
2) Mg PR AR A 2 K BRI B 2 Fnifg o v EB
JE R TR IR (P =0.002; P =0.014) , _|iR%E
RRIVEPEIFRGIZ M T BBB (5248, frhxX i
SR G PN I B R ) i R 2 —
3.3 RHEIFHG KA MRP2 25 4669 %5 vh

5T K BUR ## Ik T 4 BSP (37.7 mg/kg),
30 min fE A5 I3 R ARG 412 H BSP ¥R B8 T35 2.
S WIS VR R 455 BSP 19 10128 1A 20 2 vk 3
T AR R T PN T v R R B
BT LA 5L BSP [ 57 2/ M 3 v B L B v B/ i % e
FELL (B 2) B EART X I4 (P =0.005; P =
0.018), %5 T J& i bk i 4 CDNB (6 mg/kg),
15 min J54bBE , INFT M2 ARG ZH 20 DNP-SG ¥ B
B F2, GERFHRAEPILLR DNP-SG (1) M 2% ik
JETC I PR 22 5 (R M T 3 4 K BRI 4141
DNP-SG ¥ Jif 5 2 f& A (P = 0. 039) , § 3¢ DNP-SG
FA) K2 J2/ 1 3% v B3 b (BT 2) A S 35 IR 0 IR 4
(P=0.004;P =0.001) . FiR%5E 5708 i
1K B BSP il DNP-SG i/ Ifil 3% ¥ & Lb S R AR,
PEIRG M 05 K BRI N MRP2 [ T RE T BE 13

Table 2 Effect of CLF on distribution of rhodamine 123 ( Rhol23) , vincristine ( VCR) , sulfobromophthalein ( BSP) , dinitrophenyl-S-glutathione
(DNP-SG) and Evans blue (EB) in plasma, cerebral cortex and hippocampus

Compound Group n c(plasma)/(ng/mL) c¢(cortex)/(ng/g brain) ¢(hippocampus) / ( ng/g brain)
Rhol23 Control 5 50.35 +5. 67 1.49 +£0.07 1.36 £0.32
CLF 8 44.30 +3.98 1.69 +0.22 1.46 +0.26
VCR Control 5 150. 16 +24. 42 3.66 0. 74 7.40 £1.32
CLF 8 156.96 +27.72 4.89+0.79" 10.42 +2.88*
BSP Control 5 (2.80 £1.62) x10* 116. 44 +40. 38 96.44 +44.49
CLF 8 (2.89+1.07) x10°** 374.34 £120.25* * 427.07 £141. 14" *
DNP-SG Control 5 (9.01 £1.73) x10° (3.42£0.81) x10° (5.42£0.75) x10°
CLF 8 (9.53 £2.68) x10° (1.87£0.48) x10°* * (2.04 £0.67) x10°* *
EB Control 5 - (1.84 +0.39) x10° (1.43 +0.53) x10°
CLF 8 - (3.13+0.42) x10**~ (2.60+£0.38) x10°*

* P<0.05,"*P <0.01 vs control group
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Figure 2  Effect of CLF on distribution of Rhol23 (A),VCR (B),
BSP (C) and DNP-SG (D) in cerebral cortex and hippocampus of rats
(xxs)
** P <0.01 vs control group
3.4 BRHAFFAG KA SR P-GP & MRP2 & &
PSR

Ry T TG A A DR BRUING 8 2 1 A i s
s N P-GP FI MRP2 ZffE 28 i 5t I 2 —,
Western blot 556l 5 R BN Bz J2 S ifg & | P-GP

I MRP2 iy HFRIB (A 3) o
A B
Control CLF Control CLF
P-GP SIS P-GP =
MRP?2 [ ——— MRP SSS————
B-actin B-actin -
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C D
140 240 ~
3 120¢ 2200
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< <160
St =
~ sk ok ~ 1 20
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- L 80
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Figure 3 Changes of P-GP and MRP2 expression in rat brain (x £s,
n=4)

A ,B:Western blot of P-GP and MRP2 in cerebral cortex and hippocam-
pus;C: Changes of P-GP expression in CLF group ;D :Changes of MRP2
expression in CLF group

*P<0.05," " P<0.01 vs control group
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4 1 i

S TS PETF B0 8% P P-GP Fil MRP2 jfig
RS (AL R W . Huang 2517 % BH CCL, 5
i 2Pk P8 T R P P-GP Zhifi, {H 2Py P-GP
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IS FH U A9 /) BRI 35 % 3 /0N U Aol L 45 P9 Bz 40
I, [FIRE & BE P-GP ShBE T, {0 & mdrla Fl mdrlb
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P& AT LU e . ZERFRRIRS T, KRR A
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IRAKOFTH S T4 Sk A 5 2 240 i PR T 4
i P-GP ByZhE"™ . PRI, RO S T i o T 5
T 28 PR 7T BE 2 T 98 P-GP I RERY LR 22—
7RS4 SR 5 0 A T 40 K BRI 3 T S RE A
SRS TUNRLT R B3 5 1 1E W X B PR SCRk R GE e B
AT b 45 45 R HH 21 2 0T LATE 2 11 F mRNA 7K
E 38 MRP2P R DL, BERIRAS T T 45 4 A
41 Z T RE RN T MRP2 ShEER 2 — .

P-GP il MRP2 7t BBB shE46:5 R4 |- %
B EEMNM, —FHIREM L S5 R 25
B TR S DT NG N 4 20 A 8 A s AR Sy
25 R K BUIR Y P-GP I MRP2 53X A S HER: 2
PRAENS R IR0 R 2T hRE Y ks R b 2 114, 2 1)
(B0 G 7 A8 Ak B 451 405 R R PR I R AR B A
Y MRP2 fl P-GP 7EH 40 fi B A &2 1Y
T, R E BRI AR, H
BHERBEZ M AT EA LT Re A 3¢ L
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A% L4599 R 40 | P-GP 2R 3, BT LA
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