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MrtBEtE, SR T BEETMIR R # S P-gp. MRP1 45477 0 RAEFHRESI 5055, MDCK-MDRI1 4IRS BT bR 25 1) 5
sz, LUK P-gp IHIFILER K. MRP1 FHI5 I REET X RIR Z IS 5. 255  RIKFETE 100~1 000 pg/mL )i
HIRE NN ERR s RERE S P-gp WIS L BUKIEAE RS ME &Y, 5 MRPL W S8 BiKAEm & iE g
AERIE A, LibDock Score R P-gp-4Efilfk. MRPI-NEEF E A WIHIFE MER T P-gp-KFRE A MRP1-AMRE; KK
FHALEM (BL) — Tl i) CAP) (IR MNB T R EL (P r-ap) KT Py ap-pr MR (ERD A 1.5 /iAs, #7R KRR /1 MDCK-MDR1
MM AP EHE, HEAS I ] BEAPE B CAMIEILG s RIREECHAERIIK Py, BRI (P<0.05), ER {1 B3/ (P<<0.05),
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Studies on effects and mechanisms of P-gp and MRP1 inhibitor on transportation
of gastrodin

ZHENG Qin', LIU Dan', HU Peng-yi" %, WANG Jia', TANG Yu', GUO Yuan-yuan', YANG Ming'

1. Key Laboratory of Modern Preparation of Traditional Chinese Medicine, Ministry of Education, Jiangxi University of Traditional
Chinese Medicine, Nanchang 330004, China

2. College of Chinese Materia Medica, Beijing University of Traditional Chinese Medicine, Beijing 100102, China

Abstract: Objective To study the effects and mechanisms of p-glycoprotein (P-gp) inhibitor and MRP1 inhibitor on the transportation of
gastrodin (GAS). Methods Cell toxicity of GAS was detected by MTT assay, molecular Docking was employed to predicted binding
mode and effect ability of GAS with P-gp and MRP1. MDCK-MDRI cell model was employed to study the influences of Ver, a P-gp
inhibitor, and Probenecid, a MRP1 inhibitor, on the transportation of GAS. Results There was no cell cytotoxicity of GAS between the
concentration of 100 to 1 000 pg/mL. There was hydrogen-bond and hydrophobic interaction between P-gp and GAS, and hydrogen-bond,
hydrophobic interaction and electrostatic-interaction between MRP1 and GAS. LibDock Score indicated that both P-gp-verapamil (Ver)
and MRP1-Probenecid were more stable than P-gp-GAS and MRP1-GAS. The P,,, of GAS BL—AP was greater than that of AP—BL,
Efflux ratio (ER) of GAS was about 1.5, which indicated the efflux pump protein might involve the transportation of GAS. The P, of
GAS was significant increased but the ER of GAS was significant decreased when co-administrated with Ver (P <0.05). The P,,, of GAS
was slightly increased and the ER of GAS was slightly decreased when co-administrated with Probenecid, while there was no significance.
Conclusion The results indicate that GAS is the substrate of P-gp. However, whether GAS is the substrate of MRP1 needs further
research. Both Ver and Probenecid could enhance the transportation of GAS by competitive binding with P-gp and MRP1.

Key words: gastrodin; p-glycoprotein; MRP1; MDCK-MDRI1; molecular docking; transmembrane transportation

Wi BE: 2016-03-22

HEEWA: FEXHRBEEILSEIIFE (81360645); TITUETHEREFIRE (20122BCB23021); {54 FARBIEILATRH (20142BAB205088);
THAREHETHH (GII13606)

EZEN: O FF (1973—), L&, WHJWLA, #uR, Wt EZNFPIENS A RGN
Tel: (0791)87118658 E-mail: zhengqin912006@163.com

«BIEEE B W (1962—), 5, #ER, WAESRI, AEAWH AR SHEA. DAL TRARZHI.
Tel: (0791)87118658  E-mail: yangmingl6@126.com



)

Chinese Traditional and Herbal Drugs 2% 473 %213 2016 £ 11 A

© 3841 ¢

RIKE N =FL (Orchidaceae) KJE Gastrodia

R. Br. #HYIRKIR Gastrodia elata Bl. {25
(PINEPE sy, BB, BUR. ZIRIERH, JRGE
UK. PUAEIE, ARG NN LR & 9D I E
I\ BEEHE-SE R It , BRI E
FAUL, PR B2 B T IZ R RTBERNZ T
HESL RN IR AL A L . I FIZE 59 M an i Hs
SEBRIRTT . IR R R A1 2, BT
FhokvavE2ydy, Zid fu i bikE (BBB) HLHRIN
Ao RIBRZVES G AR EE D, R L ohyik
BIRITRR, SRR,

Z sk R EBRIRE (ATP) 456
FGE S5, BES RN 22 B FIALHIAS [R] 96 97 Tl
HR 258, LSRR 1 %) BBB LLAk. P-
PR (P-gp) MZAMHZ5MKEH 1 (MRPD) &
W AT IR 1) 2 Fh 22 26 1E R0, R A
P-gp A1 MRPI FHRF A8 S T TR i 257 i
WL o KT P-gp AL TRy s il 700 B L T 5
CAfFEVF2 A, WEMRT S e
YER B TR . P-gp L2 /DF 4 NEES
(SRR RS AL/ RaR 0 8 e S N L S VA SO
A% P-gp DR AR s, 2GSy A i P
ATP (¥, M3kl P-gp ATPase 3 PEM, 14k,
— BB R] REIE I E A A AL ROR KR P-gp A0
TEH o XIBECWRTCRIL, KRR FE BT P-gp /5 14k
HLH], LA RS (CNS) &I &57 FI1R
KHIRRE, szt BBB, KSR AR, (H2
T A AR PR L T oA SRR TR A

TEZ A 2IAHCEE T (MRP) KK 9 AN iR
(MRP1~MRP9) 1, MRP1 #5113 % . MRP1
J& T ABC ¥z Bk ARIK, BA) ZNEYT
Diifig. MRP1 WFFUEL 2 (12 76 YR 40 1 b (1) 3 TA 15
LRI UM T 25 PE IS &R . MRP1 ZEfi
AN 1E T P-gp ABL, 2 HKH ATP (1) 254)
AN, ARk, MRPIL S 25 PRI 5% & th
ok gz 25 EM . MRPL 28007 T R4, £
T 223N MRPT A7 J- ks A L 52 4 i A s
B E gl e, 25 BBB AL - i E W BT B
(blood-cerebrospinal fluid barrier, BCB) HIfr¥7L)
RE, P FY iy W NN 2. H T, MRP1
RS B BRI E FIALEIE A I, KRR
Fiz b5 MRP1 & 757 % S AL R WA IE

MDCK-MDR1 40 Jffl 7 /& AN 2 24 2555 1

(MDR1) #35 TIE RS LRz 4i e (MDCK)

TR, AR 4 B T 0 S v 208 P-gp 14
MLZ, AT ILARA M R T, e E AR e
HifH{E (TEER), TEER #JiA 1 000 Q/cm® # 4
A (R R, HILH T 2 s A5
RIS, SEEG MR, — M S~7 d TR,

2 2 1 2R 2 AP 0 8 9 5 24 400 1% B B 3 R ML 1)
HARRR AL 21 K s R ) MDCK-MDR1 #5744
4+ BBB A IRAL, BFSCR MK % #5 BBB M2 FF
fits Jf3d P-gp MEIFIAERIEK . MRPT #5704
Tl &7 6F R BK 28 55 AL s pp M g m, JR 4 &
Discovery Studio (DS) [ B % BBB ¥z [ n]
REMLHI .

1 7

1.1 {4&§

1260 2 S Al (A (& Agilent A F]);
Sartorius BT25S 1 /iy 2 —HT7 R (FEZ Rkl
AU IRA T 3-18K Ryl VR B L (f
Sigma AF]); SW-CJ-2F M TAEG (b
HAM AT ); Forma 3111 S AbRAE B 7748
(Thermo Electron Corporation); Eclipse TS100 {3 &'
BiE: (Nikon A W)); HHS BUfEIR KGR (L
RSB A )D); TDZ4A-WS B & AR 5 0
BL GBI R WA SE 8 AR T KA R A H]D; 02270113
MERTEECAR iR AR BT R A FD;
MERS00002 #5BEHHAY (3EE Millipore 23] );
ELX800 fiihriX (Biotek 227 ),

1.2 Y5

RIRE QS AR WA, fits
130618, JiE%>98%); 4k (pE &2y
mEENTS S, b5 10023-200102, RS> H >
98%); WiliEF (Jbat#e AR AR, S
030507, JBi&E 4% >98%); Transwell Permeable
Supports (3 [ Costar A, 3460 !, fL4% 0.4 um,
B4R 12 mm, JEITR 1.12 em®); £3589 (GE[H Costar
AT]); DMEM fmEiflisssekt (3 Hyclone, f3'%
SH30022.01B); fiaf:1filiE (FBS, 5[ Gibco A H],
B35 10099-141); dE 672 31 (3[EH Gibeo 7],
%5 11140-050); M PL (Solarbio 2w, Hi'5
P1400-100); 0.25%/##-0.02% EDTA (3£ [H Gibco,
155 25200-056); HBSS (Solarbio, #4851, &
BT, AEWyL, 195 HI1025); LIk,
TKAXZEIK o
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1.3 4HAm

i ik MDCK-MDR1 41 iy f iy ok 24 2w,
ST R 35~55 4R
2 FE
2.1 {HARIESE

MDCK-MDRI1 4 1575 1% 10% FBS. 1%E
TR IERA 1% DMEM R, &1
37 ‘C. 5% CO, WS 95%MI B RM T 5. WK
WRBEIREL, 41 ik E] 80%~90% 5, WL
IHEEFRM, 37 CIAFnts HBSS 5L 2 i, 0.25%
JBiM-0.02% EDTA W4k, %1 13 f£4X.
2.2 MTT AT M RRERIAESE

% MDCK-MDR 1 4 1% FZ4E 5% 10* 4~/mL,
BEAL 200 pL BT 96 fLA L, E T 37 C. 5% CO,
R FRF PR FE 24 h, B HBSS #odEvegnie, e
FREGFEIEITH0, INASESTEWSE (100, 200+ 300,
600 800+ 1000 ug/mL) [ RME, XTI HBSS
W ERFRAEH 4 h, FF2Z9M0FH HBSS Wi
VR 1 ¢ FALIA 20 pL 5 mg/mL [ MTT %
ERFFENFHEM 4h, AL T MTT, oA 150
uL DMSO, #EARAVEM 15 min VRS0 45 i
SEEDE BEFRC T IIE 490 nm ARRROEEE (4) 14,
THTAMAEIE R (WA A (/X IRAL A D .
23 DFE

R A S dE g5k N B iS4 2 PDB
(http://www.rcsb.org/pdb/home/home. do) H#HZE
2, s PDB U554 3G60 (P-gp Ak 7 1,
pH 7.8) 181 2CBZ (MRP1 Z4&%y 1, pH 7.8)
(R 1 R S AL SCAEAE A 401 SIS R 3 AR T
FIFH DS 4.0 1] Clean Protein 1. E. X} 25 [ 45 #3iE4T
PURHAE: BB FRIK T #hNEARE5E
Fey B2 RE TS IR BCAHC HLAT o
IHORE 3G60 1) B #EH 150 10 . BCARRIBRER |
Yt br oK . TN B &Y 2y 1 45 W Ok AL NCBI
Chttp://www.ncbi.nlm.nih.gov/pubmed/) R T4

(1) sdf #5530, 76 DS HI T CHARMM J)37)14%
pH 7.8 i1k, M TS5\ 0.

P[4 SCRR A © P-gp 5%JE MET68. LEU300.
TYR303. PHE332. LEU335. ILE336. PHE339.
GLN721. PHE724. PHE728. LEU758. PHES33.
TYR949. PHE974. SER975. VAL978. ALA98I.
MET982. GLY985. GLN986. SER989 Jj P-gp &[]
S E A AR R, MRP1 AREE LYS684.
GLY683. SER685. SER686. TRP653. ASP793.
GLN713. ASP792. HIS827 4 MRP1 &[4 &
P7 R REIERRIRHL, 7 DS DA RS IR L e SE
PE O RCAAALE DS IR T CHARMM J)3% 4% pH
78 AL, AT HEALMMS T FIH
LibDock T H., Conformation Method Z ¥k & N
“BEST”, Docking Preferences S & N “High
Quality”, HRZBEONEIN, 3 LA 3 R i
EI I R A, Tl SR AR AR I AR ) 4T 40 {E
LibDock Score,

2.4 HPLC-UV EMEXME

241 @iEL&ME %N Phenomenex Kinetex
Cig (250 mmX4.6 mm, 5 pum); WAk ZH-
K (4:96); PABAE 1.0 mL/min; FEifE 30 C;
Kl 221 nm; #EFEE 20 pl.

242 EASREEIHIE NI (AP) —JEK
il (BL) #i2H, #4 BL MIHAKIZH 500 pL, M
BL—AP fllif, 75 AP MIHU4%iE# 200 uL, e 1
min, 4 ‘C. 16 000 r/min 2.0» 15 min, F5.
243 LEMFE /E 2417 WEELMLT, =B
1 HBSS % % S VA0 DA B % T A 1 SIE B A i
s L 1, R I OR B I RIZ9 28 7.0 min.
244 FrfEMh 2l A HBSS MG BT ik i
J5 02, 0.5, 1.0, 2.0, 5.0. 10.0 pg/mL ¥ RKRE
X SRV, WABE 1 min, 4 °C. 16 000 t/min B0
15 min, U EEBIEAT 08T LAARI ) b iR R
PAKR, JUERIREENRAER, HEATERPERE, b5

RIKE
RIKE

0 1 2 3 4 5 6 7 8 9100 1 2 3 4

6 7 8 9100 1 2 3 4 5 6 7 8 9 10

1 =AM HBSS i (A MRHFR B) FEELEHER (C) # HPLC-UV
Fig.1 HPLC-UV of blank HBSS (A), reference solution (B), and sample after transportation of GAS (C)
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HERhZE 5 FE Y=37.791 X+1.251 4, r=1.000 0. 54
T, RMREALE 0.2~10.0 pg/mL HEMEL R R I,
2.45 e ] HBSS WACHUR IR E N
0.209. 1.045. 10.45 pg/mL K. . & 3 Nl
TR TR VA, 5 “2.4.17 TGS A BERED &
DA A3 1) J5 8 34 82 5 T i) it R 1) LR AR v B ]
W, A% e w3 ANIEDIR BE I R 4y i
114.1%-. 95.5%. 96.4%.
2.4.6 FEEEFELE H HBSS R H BRI N
0.209. 1.045. 10.45 pg/mL &, o /5 3 ANiiE
WRPERBR W, A B IR BETATIE 6 I, fIK.
Hy o 3 AN R EERE S AR ) RSD E 5514
1.64%. 0.62%- 0.36%.
247 EHEMEFELE H HBSS W H R N
0.209. 1.045. 10.45 pg/mL & o /5 3 ANiiE
WREERBR W, [F)— PUEIR AT 6 4, Wl i
AL & Ty & 3 AR BERE S g T AR 1) RSD
B354 1.08% 0.43%- 0.59%.
248 FoEtkFge  H HBSS WECH R EIRE N
0.209. 1.045. 10.45 pg/mL K. . & 3 Ml
W RBRZVE, BFEM 4 CICE 48 h, FF05H1T
0. 4. 8. 24. 36. 48 h HUFE, WliE 1 min, 4 C.
16 000 r/min 50> 15 min, HUE3EWHEATIE .. 45
RER, K P @& 3 NIRIKREE T 4 C.
48 h NI 45 F 1% RSD (HI8/N T 5%, BEIIAE L7
4 °C. 48 h WHRE M R 47
25 RKBEWIEFIEERE

i MDCK-MDRI1 % £2EK BRIP4 i, Wik,
T a5, RN 1X10° A mL,
FL 0.5 mL [ BEEEANAE Transwell WE55% 7 d 247,
RERIH, 2 25aTIE R ) TEER, 4 TEER 4
300~500 Q/cm’ i, i MOBE R Rl 3ly, ml ATFAR
Y9, YR PiHISCH 37 CIY HBSS WiEVESAL 3 WX,
a1 IRE TRFAAA TS 30 mine RSS2
I3 A 4L AP I 400, 600, 800 pg/mL KBk
F¥ 0.5 mL, BL i\ HBSS ¥ 1.5 mL, # T
ReFRfh s 9%, 05T 300 60, 90 120, 150 min
i1 BL UHCFE 0.5 mL, F-4Mn[FliE HBSS # 0.5 mL;
AbHESEEG IS [ BL DA 400, 600+ 800 pg/mL K
R 1.5 mL, AP filin A\ HBSS ¥ 0.5 mL, fH
AP MHFE 0.2 mL, JEAMEFAAF HBSS ¥, i
SHIEME. FEBVERAE 4 °C. 16 000 r/min &0 15
min, HUEEWBEEAT HPLC Fill.

2.6 HRMAKFNAFEET N XFEEEHIEN

F2 “2.57 T )74 i MDCK-MDR 1 4 S s,
W R S5 I 17 5L AP BN 400 pg/mL KR %+
100 pg/mL #4EH7 MK EE 400 pug/mL KK % 4100
pg/mL ARAEY RV S H S 0.5 mL, BL A
HBSS ¥ 1.5 mL, B TRFEATHEFE, T 120 min
i BL MHCEE; AMESZER I %40 BL N 400
ug/mL KK ZE +100 pg/mL 4EF7 MK EL 400 pug/mL
RIBKZE 4100 pg/mL NEEET TRE S 1.5 mL,
AP N\ HBSS % 0.5 mL, & T FEMhI%,
+ 120 min B AP UHCFE . FHAREAER “2.57 Tit.
2.7 HUEALIE

RWIBIE R (Popp) KHUW T AT 4b
fF# (ER, ER =Py, pL-ap/Papp ap-pL) o EHHHEF
FH SPSS 13.0 #AFIATACEE, ¢ KB REATGEvE 04T o

Vv 1 dC

Papp:—X—X—

c, S dr

VAR IZEXHAARL (mL), Co AREWILR 2 Bk
(ug/mL), SACEHZRTI (em?), dC/de fCELFIZiH
LS
3 #£R
3.1 ‘ARERSFEWNE

MR RUF, WEWES, 2 “Bika” IR
BN, Zijg, fHp%E, a3 A 2.

2 EIERHMET MDCK-MDRI fAFES

Fig.2 MDCK-MDRI1 cell morphology observed by inverted
microscope
32 MTT LER

KR ZEAE 100~1 000 pg/mL P 1T MDCK-
MDRI1 40/l 4 h J5, MG >95%, S5F
Kl 3, RUIRBRETEIKELAE 1 000 pg/mL AR
X} MDCK-MDR I 4 Jd (1354 6 1 51
33 HFXIEER

RIEZ Y P-gp 28 BRI SERT29 )7 A A B
MEAEH, 5 VAL978 KA H/KIEM; 4ediinks
P-gp M IEMILIE AL GLNT21 AR, 5
TYR303. TYR306. LEU335. PHE332. PHE724.
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120
100
80

60

FEER%

40

20+

100 200 300 600 800 1 000
RHZE/(ugmL™)

3 XKFREX MDCK-MDRI1 ;EHBIEME (X £5,n=6)
Fig. 3 Effect of GAS on viability of MDCK-MDR1 cells
(X *s,n=06)

MET982. VAL978. PHE728 KA Hi/KAVEMH. Kk
. 4ERIMAK ) LibDock Score 4350 111, 138,
KBRZE . bk P-gp A E AR 455 WK 4.

Kk %5 MRP1 [f) SER685. ASP792 R LR 45
o R AABMEEIER, 534S VAL6SO. HIS827
HEKIER, 5 ASP793 fAEHI/E ], likiX 3 Ff
YER D, TR EMEEY . NET S MRPL (1)
LEU795.SER828 2 JL 1% 45 & A i3 S BAH HAEH
5 TYR831. LEU795. VAL798 fFii/K/EH, 5
TYR831 AAHHAER . KIFKEE. EEF 1) LibDock
Score 734 93, 95, KR ZE . NiEET 5 MRP1 A
HAEHS R ILE 5.

4 RKFKE (A HHRIAK B) 5 P-gp MEBEEIEA
Fig. 4 Interaction between GAS (A), Ver (B), and P-gp

B

"ALT98

5 XMZE (A). AHEEF (B) 5 MRP1 BHE(ER
Fig. 5 Interaction between GAS (A), Probenecid (B), and MRP1
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34 FRIREREXRRFEHE

AR R BE R IR A IS Py W 1, A
) TR R R ZR () Pagp ap-p HZEAA B (P>
0.05), HIE/NT 1X107 cm/s, 2HIH IR 2=,
AR BEAR Popp BL-AP B =T Papp ap-BLs ER
Bk 1.5 iti, RIS RERZAMER A2 ;s
RIRFEANF TR L AN IR (] f R 4 12 £ W ]
6.0 45 5 RAE 150 min PY XU A% I8 BB 25 o Bk i
BEITRE S, BT B I R G IE K.
3.5 HRIAKFINAEE N XK REEHZM

400 pg/mL KFKZFE 5 100 pg/mL 4EH7 K EAL
i Papp MK (P<0.05), ER WFWHD; 400
pg/mL KFEZE 5 100 pg/mL AEETBCATLS Papy A IT

4.0
351
3.0
2.5
2.0
1.5
1.0
0.5

0.0 I I 1 I |
0 30 60 90 120 150

t/min

1
>

BRULE g
T T T T T

Hhn, ER A7 b (R 20, KWK W] 2 P-gp
W AR, ERBRER W HE A2 MRP1 S AR -

F 1 ARREKEXFEZEZ MDCK-MDRI1 #iffl Fr3iE
(X xs,n=3)

Table 1 Transportation of GAS at different concentration across
MDCK-MDRI1 cell (X s, n=3)

R/ Pop/(X 10% cms™)

(ngmL™) AP—BL BL—AP R
400 0.416+0.025 0.620+0.006"  1.49
600 0.452+0.027 0.699+0.009™ 1.55
800 0.425+0.009 0.696+0.024™ 1.63

800 pg'mL ' KFEE
600 ug'mL ™" KR

/400 hgmL™ KA

5 AP—BL it “P<<0.01
P <0.01 vs APHBL

6.0 B
W SOF 800 pgmL ' R
= 1
E 600 pg'mL %
& aoF pgmL ™ RIKE
19
& L
:,;:{ 3.0 400 pgmL ' KERE
B 20

1.0

0 O 1 1 1 1 1

(] 30 60 90 120 150

t/min

6 AREIREREXME AP—~BL Il (A) #1 BL—~AP Il (B) RWIRTLIZE (X £s,n=3)
Fig. 6 Accumulated transportation amount of GAS at different concentration in AP—BL side (A) and BL—AP side (B)

(X *s,n=3)

R2EHK. T RRRE P,,, I (X £5,n=3)
Table 2 Effects of Ver and Probenecid on P,,, of GAS
(X *s,n=3)

Popp/(X107° cm-s™)

5 ER
AP—BL BL—AP

RI= 0424024  0.54%0.17 1.29

RIKZ+H4ebriick  1.08+£023"  0.85+0.14  0.79°

RIR 2 + T 0.55+0.19  0.64%£021 1.16

SRRRZALLE: P<0.05
P <0.05 vs GAS group

4 g

KIRZE Popp ap-L<<1X 10" cm/s, 1% Py, WU
e S (PR RBRAEN Y, I S B 0~20%,
MEMRE, T B L IR 22, A= R AR .l
X RIRZE IR 384T AT 7, G5 R R 345
JRRSE Py LW EVEZESE, B Poppy=(dO/dr)/(A X
Co) BB R GIRE 2 o e, Shishitia
AR-dC/dt=kCy #H—3; RKEN Bz ®S

YRR EE BIEANOC, LI, FFEahit
IEHRFE, WO e RIKE DI sh s h £, x4t
SCHRARIE 5,

KT W as pL i) WL vl Lol ER 14
th, ER K 1 B, Uiz hE, EHFFAE
Az HFTFER—LHAE; ER Ny 1.5 B, NInRefE
EAMEE S5 ER/NT 0.5 I, WA g IE F 1)
yEAZ 5N FEis. SREWIRKE ER ##
I 1.5, IRATRefEEAMFERE A2 5. BBB %
AN HEER 14T P-gp AT MRP1, GEKF )5 4 oAb,
Rlt,  RIFRZR 4R B R v RESZ P-gp A1l MRP 4% .

I3 TR Bl AR S 32 AR FH ) 8P g i
(lock and key principle), /N FHek S 52 444k
YIRS AR . B 2R BAE R & 2 1R
R, FEAREE RN SRER . BKAE
ML Jasfe e A @IV, ] DATRI g 2 1]
(145 SRR ), IITTREA T 25 R A ie
A SR Discovery Studio TN KR E 5
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P-gp tEA . RMZE 5 MRP1 & EABEAT /S 70145, B
FERIRREZ AT LA P-gp. MRP1 &K (138 7> 117
MoV . B KA A= R gh A, iR K fE
P-gp (2 AN MR IERR A o= AR AU . KR4S
Z/AMEM T, Bk LibDock Score fH# R BEE K.
W EF 5 MRP1 11456 75 205 R R E 2548, LibDock
Score fELME T RIMREE o 24K IR 25 RN 4 B7 A K [] s
R, B4Rk s g vk S P-gp AHE G, M
FHPFRIRER Papp ap-nL H1 0.42X 10°% cmy/s f 214 0n
# 1.08X10°° cm/s, ER M 1.29 B2 H/NF] 0.79.
R RR 25 R0 BT [ I I, IR &Y Se 4 1
MRP1 #4545, MM RIKER Papp ap-pL H 0.42X
107 em/s #4131 0.55X107° em/s, ER J/h 3 1.16.

A K S SRR T R JRR 25 15 LA 245 4 6 I R]
DA i R RZE . Ge ZEPEST K BLR R 5
ARV A7 1) 2 P B B RIR 2R 1) Crnax 55 AUC e
FAT BT LS PR R B bR A0 5 R
FIE A 158 M 2R R R 25 0 LA AR Ky
R, SRR IA 0 B I 1) A g ) R R B
5 MR 22 D6 I (0 A A= R B 2 B FH N1 10,7
5, FIBR 25 I IS (R ARG AR PR R 1 1.5
B, IR RT AR AR . Hu 25RO SY
DRRTERRR . KNSl iR . S hkaE
BERERMEZN AUC)e T RPN
HERIREARE, RIRE AT 5 )15 b 22 Mk
3 5o 4 Ik BRCIE S 4 A A R A o R R 25 A i
DR Lo & I a2 N (A v L T A= = W
FIE o 52 I B SS9 R LR JBR 2 S R R A T
255 T R R R (MRS AT (AR T, X AT RS R
IRZHERXT P4ASO TR M MgiE . RS E 1 15 S
R HHE AT G, BOAR H T RIBRER DA FH 25 (AT
B2, AR # S U5 B AE 280 9 S 2 3 2 T
PO, R EER R LT 5>, oAl
JRAT PRI R IR B AT REAL: (1D R IEAMEE
EIIEIFR AR 38 0 R RR 25 TR AR T 38 i
WV s (2) S sE AR DGR s SR (IR IA, T8
RIS R POPN I EFIESN1B: ) 1PN/ i)
W (3D a4k 45 A AR A, YD RIBREN
AR TG IR R ZZ R (4) T8Ik 40 ) ) 5%
P AN PR IR BTy S5 4 R T 5 e 1 0 KRR
FIIW: (5D BURRERE 7K 73 e R BRI Al 1k
T IR R 22 IR . ASFFA N P-gp H3HI 57 &%
MRP1 #HIFI AT P-gp #0775 MRP1

FIFR AT DA R 3R 5 e A, (HR A ] DUl
FCA BRI A i e/ 2P0

SEHE

(1] kAR, BRI 2 BEAE FAT I PR S W 7k
J& (3], R EZ5k, 2008, 17(1): 64-66.

[2] 3KWETC, EBHiPH, FRBELT, 5. RERZEN LA
W5 3 A0 28 /N KT AN T PR RIS B [J].
24,2011, 42(2): 330-334.

(31 EF, FIARZ. KRR K2y BLAE FIA I R S AT 5T
[J]. MY TR BE244), 2009, 5(4): 309-313.

[4] E A5 RERFEFIIIBRE 70 P SR E 1)
WG [D]. BUMl: WL K%, 2007.

[S1 Lee G Bendayan R. Functional expression and localization
of P-glycoprotein in the central nervous system: relevance
to the pathogenesis and treatment of neurological disorders
[J]. Pharm Res, 2004, 21(8): 1313-1330.

[6] Loscher W, Potschka H. Blood-brain barrier active efflux
transporters: ATP-binding cassette gene family [J]. J Am
Soc Exp Neuro Ther, 2005, 31(2): 86-98.

[71 Martin C, Berridge G, Higgins C F, ef al. Conununication
between multiple drug binding sites on P-glyeoprotein
[J]. Mol Pharmacol, 2000, 58(3): 624-632.

[8] Batrakova E V, Li S, Vinogradov SV, ef al. Methanism of
pluronic effect on P-glycoprotein efflux system in
blood-brain barrier: contributions of energy depletion and
membrane fluidization [J]. J Pharmacol Exp Ther, 2001,
299(2): 483-493.

[9]1 x| EE MDCK #5% MDR1 1§y Il i i i 244 3% 1 (1)
POEFHEF BT [D]. HiMN: VLK, 2008.
[10] K275, S, X 1f, 55 MRP1 A XIAP 2N 7E S
PEBE A 195 A 4R P RO Rl R X [0].

PN 2F 25 4R BE2ERI, 2014, 40(4): 31-36.

[11] 5 ¥, 25 B. miR-133a/b F MRP1 75 il 24 12 5k 2
HAOMNRIM A RS (7] P EREAERE, 2015,
31(4): 680-684.

[12] Chen Z Z,Lu Y, Du S'Y, et al. Influence of borneol and
muscone on geniposide transport through MDCK and
MDCK-MDRU1 cells as blood-brain barrier in vitro model
[J]. Int J Pharm, 2013, 456(1): 73-79.

[13] x| o, wm/hF, Sedig, F. DU S T
MDCK-MDR1 41l g 5 )5 B S AL (], 2577k
% 59T, 2012, 12(1): 34-37.

[14] x| ¥%, % 75 MDCK-MDRI 4i fatiz & H.Ax 254
BT N BERE [ 2% 4R, 2008, 43(6):
559-564.

[15] Mg M, 5k 3, (T&4, & BMEERLEY
NPB304 J Wbl prprioR AT 25 B ST [J]. 255



)

Chinese Traditional and Herbal Drugs

Ba7H E21 8 201611 B . 3847 -

[17]

[18]

[19]

[21]

[22]

[23]

241, 2014, 49(9): 1279-1288.

Aller S G, YuJ, Ward A, et al. Structure of P-glycoprotein
reveals a molecular basis for poly-specific drug binding
[J]. Science, 2009(323): 1718-1722.

Ramaen O, Leulliot N, Sizun C, et al. Structure of the
human multidrug resistance protein 1 nucleotide binding
domain 1 bound to Mg”"/ATP reveals a non-productive
catalytic site [J]. J Mol Biol, 2006, 359(4): 940-949.

fp 3L DA R A SR R AR AT A B 1
H [D]. H#B: PR, 2014,

IMBEE, B A, WM. Caco-2 4 MUt )2 ALK ST
HYAE [J]. T E 25222558, 2006, 41(18): 1431-1434,
FeSt, IR, RIKELE Caco-2 41K Beap37.
Bceap37/MDRI1 4 #8224 v ¥y ia FIHE I [J]. 257F %
2, 2010, 45(12): 1497-1502.

WO, ¥ OM, 'R, SF RRHE O RCR T
7T [, FEFRZIE, 2012, 37(6): 858-861.

K&z, kM &L, SF REEA LAY TR
PRI HERE (7], FE i PR 245 B2 55 3R 97 57, 2009,
14(11): 1308-1313.

EHUK. SRR EY) =Y B AR R LI

[24]

[25]

[26]

(27]

(28]

b SEMIRE L 7 FXEIEST [D]. )M SRR B TR,
2012.

Ge Z H, Xie Y Y, Liang Q L, er al. Pharmacokinetic
comparative study of GAS and rhynchophylline after oral
administration of different prescriptions of Yizhi tablets in
rats by an HPLC-ESI/MS method [J]. Evid-Based
Complement Alternat Med, 2014, (2014): 167253-167263.
LW, REMW, RER, 5F %ﬁ%%ﬂ«%*&‘%&jﬁﬁﬁ
RNIRE N 298205 [9]. TP IE 2R, 2015,
40(6): 1179-1184.

Hu P Y, Yue P F, Zheng Q, et al. Pharmacokinetic
comparative study of GAS after oral administration of
Gastrodia elata Bl. extract and its compatibility with the
different indigents of Ligusticum chuan-xiong Hort. to
Rats [J]. J Ethnopharmacol, 2016, 6(7): 1016-1017.
oo, W A, SREE, SE AFRFE )RR
RO A2 R AR 28l 25w (3], oh S 7 )4
7k, 2015, 21(2): 103-109.

WIVE, T, M W8, fF RBRZBEXN R ARE R 24
RN BRI s [J]. Mk BE 24, 2015, 8(12):
1452-1454.





