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PR, PG fs P 25 57 B 6 ANk R RA-H, AR T MDRI B4y ATP B3k, 3+ 5 MDR1 wmpeftey ATP Bt , £ R4 5
P-gp 49 AR ZAER . Z5R: 1 mg-mL". 10 mg-mL" #ANRE & 25 57 49 ATP B M55 % 27.2.40.0 nmol Pi -min-mgprotein, 2
RIAAME S 6 o7 FB RAN EAEE Y P-gp 4R B, LIRS A FE > BAEE > FA(50.6 >42.6 > 40.0 nmol Pi -
min+mg™ protein), Fi5HIK 23- LELFIBEE B.24- LEAFIBEHE A 395 P-gp ARIRMABEAER ,ATP 8530 h AT % B 72 Km
18 A= Vmax 154 %] % 0.79+ 0.28 uM,2.01 0.67 pM #= 50.57+ 3.72 nmol Pi -min-mg" protein, 56.28+ 29.6 nmol Pi -min”-mg"
protein, #5if: Fang-2 55 MDRI A48 ZAE R , L P iF75 4 £ %48 MDRI 4356948 |, F B8R L% 23- LBLF BB B 4= 24-
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ABSTRACT Objective: Drug interaction is one of the major factors that affect the drug safety and efficacy. This paper is aim to
evaluate the transporter-mediated interaction of the lipid-lowering Traditional Chinese medicine (Fang-2) and its 6 simple prescriptions
through in vitro MDRI transport research method- ATPase assay, providing a reference for clinical practice in herbal-drug interaction.
Methods: TCM and its 6 simple prescriptions were prepared using a standardized method. ATPase assay based on H-MDR1 membrane
were conducted to calculate the ATPase activity, thus to investigate the interaction between drugs and P-gp. Results: The ATPase activity
of P-gp at I mg-mL", 10 mg-mL"of TCM was 27.2, 40.0 nmol Pi - min™-mg™ protein respectively and showed a concentration-depende-
nt manner. In the 6 simple prescriptions, Alisma orientalis, Mangnolia officinalis and Prunella vulgaris had a significantly effect on P-gp.
The sequence from strong to weak of this effect is: Alisma orientalis > Prunella vulgaris > Mangnolia officinalis (50.6 > 42.6 > 40.0 nmol
Pi -min™'-mg" protein). Two monomers of Alisma orientalis, Alisol B 23-acetate and Alisol A 24-acetate, have a strong interaction with
P-gp. The Km and Vmax values were 0.79 £ 0.28 uM, 2.01 £ 0.67uM and 50.57 + 3.72 nmol Pi -min” -mg” protein, 56.28 + 29.6
nmol Pi -min-mg-1 protein respectively extracted through kinetics studies. Conclusion: Both Fang-2 and its simple prescription-Alisma
orientalis are proved to be transported by MDR1. Two monomers of Alisma orientalis, Alisol B 23-acetate and Alisol A 24-acetate, are
also verified to be the substrates of MDRI1, indicating that MDR 1-mediated interaction should be fully considered in combination of

Fang-2 and other clinical lipid-lowering drugs, thus, providing the reference and basis for the clinical use of lipid-lowering drugs.
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% 2} 2 (multidrug resistance, MDR ) 3[R & 8 4 i 216
JPIRE B —A FE R0, B2 S A S E A K
SRR O, XL (I REAS IR YT 25 W HE B e 4
Hho XZEHXF AT TN 130-170 kDa B %5 5 AR £
2t 252 i E P- WA 1 (P-gp) IE AN X R FE R £
21t 2 (multi-drug resistance, MDR ) %:[X MDR1 g fi5®, P-gp 24
Yt ATP Bk LB HIDG, 259 562 VEH
T H ATP [ifgy6 14 , Sarkadi 26 A Mg kG2 I %1k MDRI %[
i STO B AN EEA T T AR S ATP B4 Hrids, i Al gk
F R R B TC ML LT 5 ATP il 36 UE 2 773X — J5U , Erik
4 NP5 T MDR1 %5 ABC S5 1RE5E L] .

H1 T P-gp AIFE RS B iR N 4345 )12, P-gp JE 5200 24
PRI oA HETE QAT Ik AR 7 A 25 ) B M A LA
H, e &5 25 2530 B ME RIS o JEAFSR, T b - 12
AHEAE e A 2R 2 EAL, 7R R JUAE B, 2R 2
(St. John’ s wort, STW) BURAIF 5% i k3 J2 1 BE2Y , STW FIR G5
Efi IR RNV ZE TR 5 9 B A I B AR B 57 % 51 %P, X FiAH
HAEH W DAL R BRI A R BT I S A ZE IS
W) B2 SR 2 B ARG, IR A SECHIV BER
TRTT RN, MX —YIERK IH 45 T P-gp 1 CYP3A4 iS5 T-H
Halirh 25 pAr (G 22 BK 3 LR, M RK Cai 2 IR Y7 2%
R P-gp A mRNA (1235 7 B0, 4 iz 2 A0 L 2% i
WHGEBES S P-gp, (HEILT P-gp 2K - Tidjis
MM EAE A T, BT P-gp s (RAVRLF 07 ik
WAEARWT KR, ABFFELL MDRI 5= 5 3k, 51 ATP
fig oy Bk i e B h 25 2 7 R 5 P-gp AR AR EAE A, O %t
ZE T IATIR e R E P ReE S P-gp fEHIMET, )R
VBBt 38 Re 8 5 P-gp 1R AR 25584k, iR SMTAh v -
PO 25A0 HAE AN RS 241575
1 PR 5 %

1.1 E5RH

ZHABABERERZ R OTH KT LR E) );MK3
fitghR A% ( Thermo 237 , 2 ) ;96 fLAR (Nunc 247, FH£ ).

K 252 J5 (Fang-2) e . 6 AR k89 ( Hifgrh R 2y
FEF B IS GEERE ) ; 23- ZEFTSEE B2 =98 %, g4l
R A RAE, 5 11070801);24- ZERRTEEE A (4
Ez 98 %, LialifiE YR A RAF,11122701); H-MDR1
AR = 5 (N MDRI 400 57~ &, H A GenoMembrane /A 7,
fit5 GMO0015 1010Y ) ; NaN3 (Z & fb4h, it 5 JWF 7959, H A
Wako A ] ) ; SDS (+ ke Kk s , -5 M2E8705 H 4% Naca-
lai Tesque 2 /]); Tris(it5 UG2731LA01, 2 E Dow A #l).

S (5 20120604) S L8R (Jit 5 F20111220) R
ZEEI (LS 20120330) 31 H E 25 4E LSRR A R A

Document code: A

LR (445 100M1337V) DTT(Z. 2% — Hif R & L H iR
=K A Y, HE5 BCBG1182V) . MOPS(Hit 5 SLBB4478V) 4H
% 44 (S35764-306) . fils % £¥ (it 5 0001440584 ) L- HT IR Ifil AR
(#it5 648K0050) | AN AR AN (HE5 028k0117) .57 - = @R iR
TR A (S 071M7016V ) . DMSO3HS SHBB6765V) .
EGTAM{IL S )34 [ 35 Sigma 23]

1.2 7%k

1.2.1 BEEFREAYEEST NaHPO, /AR FHBLiK h , FH R 0 28 up
% (50 mM MOPS-tris  (pH7.0), 0.1 mM EGTA, 50 mM KCl, 5
mM NaN,, 2 mM DTT, 1 mM £ 415 ) Bg il 25109 3 7Y NaH,PO,
PRl TAEW (0, 0.05, 0.1, 0.25, 0.5, 1.0, 1.5, 2.0 mM/mL ), 455
60 wL NZE 96 FLAR T, MIA 200 WL & (a7 (i B RiTEC ), TR
4 20 mL 10 % iR M EZ F1 5 mL 35 mM AR %% /15 mM &R
B),37 CHEE 20 min Ji5 , BEARAEIN 630 nm Ab O EEE .
12.2 ATP EgiE sl 44/ Sarkadi “ () ATP BE MM
%, I MR T LB BRI H-MDR1 4RI ATP 1%
P, 20 pg A& H#AY H-MDR1 40 IRES T 10 wL A0 28
W, A 20 L A2 v i G2 7% DMSO Hh, §
il DMSO FYZYREEN 2 %), A5 A 10 WL 28 25 Wi 5l
10 pL 12 mM Na;VO, iF I (E 0 JRBLRRER X IR ) o 37 C K1
WE 3min J5, JIA 20 uL 12 mM MgATP &5 sh by, T
37 C/KIRIEHE 30 min J&, LA 30 wL 10 %SDS £ 1k N o B
JEIA 200 wL SR (G ATECH]),37 CEE 20 min )5,
BRSO 630 nm Ah YN GRS . st Lb ta A T TCHIL i 7
JiE, THE ATP BG4 .

ARSI R T LR X BE 4R , SRS T PHEXT IR 4H (PC) (B
PEXF PR (NC)FIZS (% B (BC), BHM:XTFRLH L 50 WM i
MAKAEN P-gp BIBRUEIE Y, LIKEIN P-gp %5184 H) ATP BTG
o BN BELE RIS, LGN P-gp #5128 (RAY LR ATP i
T o 25 FOW IREAE I MgATP J5 2l /2 8 22 i 6 i SDS ¢ 1k
S, ARSI 52 N7 G i A B R 1) TEHL gt o
1.2.3 SRS ARYEIR IR 15 VR A5 3] 1) WO B2 (8 22 1 ol 1
BRI 2, SR 5 15 il A RN S B (L A SC A R o ARAE ARGy
TR0 E 25 FL = B ToH L &, TOUER AR A FLIC LB 1t v
PRI ST HE L A JCHUB i, RIAS B R R UG ATP I 47
A o ARAE AL RT3 ATP fiE P AU T - ATP i
P (nmol Pi /min/mg protein)= JC ML= (nmol)/ [ Jij B} [H]
(min)/ HH & i (mg)

2 #R

2.1 WEBRARE ML

B MR A v 2R 8 Y=0.0208X+0.0949, R>=0.9999,, % F. 3
H, B S WO B (A G M A DG A DG PR T i i AR b 3
HH ATP Jff /K A RS S 19 A5 fk , AT T 45 ATP BiE 19
i

22 BREHRHERS P-gp WHEEER
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AP RENR PG =T LI AR JEANNAR, B AR
JRRCHEL, H R el , ANE 2 A S 1 mg-mL” 1 10 mg-
mL [ RENR 2552 J7 (Fang-2)PF 54 4H , il i ATP g A ik
BEZENR P 25207 5 P-gp AR . 4P2R EoR 1,10 mg-

mL" 4 ) ATP il 3% M 43 71 > 27.2.40.0 nmol Pi -min -
mg protein( & 1 A& 1), 3 &5 F B EXT B4 % 13.0 nmol Pi -
min”-mg” protein, FWIKEAGH 2L I hAETE P-gp WVERIL A
Y, H 2 — Rk BEAR M .

%1 BEEPAEAX P-gp HIRMNE(n=4)
Table 1 The effect of Traditional Chinese Medicine on P-gp(n=4)

ATPase activity /nmol Pi +min'-mg'protein

Fang-2/1 mg-mL" 272+ 33
Fang-2/10 mg-mL" 40.0+ 4.8*
PC 81.1+ 12.2¢
NC 13.0+ 1.9
BC -0.42+ 0.6

iE: o SHMEXRA(NC)FERBEEER(P<0.01),

Note: a significantly different from the negative control (NC) (P<0.01).
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Fig.1 The effect of Chinese hebal compound on P-gp

60+

50+

40+

304

20+

PC

=

NC

10mg-mL'1 1mg-mL‘1
Test Group

1 BRI E FH X P-gp HIRNE

BC

23 ERFHEFE P-gp IHEER

R T RN T 25 5 7 7SR AT 2 O 5 P-gp AYAH H
YER AR SRR LA45 10 mg-mL? (9895 H & REL AR R
AN EAREL LU S 7 VIR, i ATP il ik 4 o
H T 5 P-gp MAHEAER . 45 R EIREES | BN, EAE S
P-gp VEH L35 (38 2 FfEl 2), g 850050 - 315 (50.6 nmol Pi
*min”-mg"' protein )> E A% ¥ (42.6 nmol Pi *min"'-mg" protein )>
JEAM(40.0 nmol Pi *min”-mg" protein ) , H.HP PS4 THFERY ATP
w2, WRE IS 5 P-gp 1Y RNy 8s , RS th e
P-gp fE A
2.4 FBERMES P-gp HWIHEIER

VEVE HPETSRHE Y ETE Alisma orientails(Sam.)Juzep. 1Y

TR A2 IR W25 ELA S S ik ok RERE AL AN TS 1AL
BT, LA SRIBR AR BOAs i FSEE RN, Ko
UEW TS B2 AL B W 2 S 250 TR RIS M A - 23- SRS

2 BF¥E P-gp MM (n=4)

Table 2 The effect of simple prescription on P-gp(n=4)

ATPase activity/

nmol Pi -min”'-mg" protein

Rhizoma Alismatis i%i5 50.6x 9.9°

Radix Et Rhizoma Glycyrrhizae H & 23.2% 3.6
Rhizoma Et Radiz Polygoni Cuspidati g4 2.7+ 1.2°
Rhizoma Atractylodis AR 29.7+ 7.4
Cortex Magnoliae Offcinalis JE£p 40.0+ 2.2°
Spica Prunellae B &L 42.6+ 4.6
Fang-2 RZhElE €75 46.1% 3.3°
PC 77.0 3.7

NC 26.1% 2.5

BC 2.0+ 1.9

i a SR RA(NC)FERBEEER(P<0.01), b SIAEMBA(NC ) FERZEER(P<0.05),
Note: a significantly different from the negative control (NC) (P<0.01). b significantly different from the
negative control (NC) (P<0.05).
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515 B il 24- ZBEPETSIE A S5y H 2 0) e L 23-
LIS B (7 ik d iy, 24- CBEIFIERE A (1 R 6 AR
R

ASZE L 0.1,0.5.2.5.10,15 WM [ 23- Z 15 B
1 24- LA TERE A IR E L ATP Fo- ik % 4P
R P-gp =AM HAEH] . JiEfe 23- ZBRESHE B 24- £
MEPEE I A 5 (R 7R A AR AR A Sl T S 25 SR, AR S5
A H-MDR 1 5t ) [RIRE e BEBR 2 1Y 23- ZBRPRIS I B
24- ZFRFETSIE A VR 2545 FOn IR 25 R SR 2545 1 xR
U1y ATP [T AR T HASBEHR B2 19728 fhmi A8k (3 3), 1] 23-
CERPETSIE B 24- ZBERTSIE A 5 5 65 & A BOCHLE
(A2 T ARSI SR I 2 R . 3% 3 I 3a.b (A5 IFIRE
Vi) 23- ZEEEISEE B 24- ZEEFEVSERE A 5 P-gp A ARIRAAR
AR, HE R BEHOSE 32 H] GraphPad Prism 6.0 J13 L4
KICHT A3 3] ATP fE 9 Km, Vmax {H (3 4) ,Km %8 B
R 23- LEEFISRE B 24- SBEPRIGEE A 35 P-gp A R R
Fidy.

80+
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(nmol Pi/min/mg protein)

L g
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2 BEyrxt P-gp BIRZNE
Fig.2 The effect of single Chinese hebal drug on P-g

Note: A: Rhizoma Alismati %75 s; B: Radix Et Rhizoma Glycyrrhizae H
#; C: Rhizoma Et Radiz Polygoni Cuspidati E#f; D: Rhizoma
Atractylodis B 7K; E: Cortex Magnoliae Offcinalis JE#b; Spica Prunellae;
F: Spica Prunellac B E)

%3 FSHRE23- ZEMFISE B, 24- ZELEISEE A XT P-gp M Mm(n=4)
Table 3 The effect of Alisol B 23-acetate, Alisol A 24-acetate on P-gp(n=4)

ATPase activity/nmol Pi -min™+-mg" protein

H-MDR 1 membrane product( +)

H-MDR Imembrane product( -)

Alisol B 23-acetate / 0.1 pM 17.5% 6.1 -2.26
Alisol B 23-acetate /0.5 uM 21.8+ 1.0 -4.16
Alisol B 23-acetate /2.5 uM 321+ 5.0 -2.50
Alisol B 23-acetate /10 pM 47.8+ 3.5° -4.26
Alisol B 23-acetate /15 pM 52.8+ 1.3* -2.03
Alisol A 24-acetate / 0.1 uM 9.7+ 3.2° 229
Alisol A 24-acetate / 0.5 uM 142+ 3.8 -4.53
Alisol A 24-acetate / 2.5 pM 27.4% 10.4 0.08
Alisol A 24-acetate / 10 pM 439+ 4.7 -0.82
Alisol A 24-acetate / 15 pM 52.9+ 5.3* -2.66
PC 71.9+ 3.8 -
NC 17.7+ 2.7 -
BC -0.69+ 0.4 -

i a EAMXRA(NC)FERBEEER(P<0.01),b S BAENC )FEEEEER(P<0.05),
Note: a significantly different from the negative control (NC) (P<0.01). b significantly different from the negative control (NC) (P<0.050).

3 4 5% MDR1 ATP i Km. Vmax {&
Table 4 Km, Vmax values of drug-stimulated ATPase activity of MDR1

Drugs Km/ uM Vmax/ nmol Pi -min”-mg” protein
Alisol B 23-acetate 0.79+ 0.28 50.51+ 3.72
Alisol A 24-acetate 2.01% 0.67 56.28% 4.6

3 3B
% 21 i 24 (MDR ) J2-45 40 0 7 Tt 32 285 ¥ . 3 ik S 2 45 BL )

AR ZR 25 BIE R, — BAERT RN 2547 A i 2544
RIVR] AR E XS 220 25 7 A= it 257, MDR 23F-HL i 52 2%, P- 4k

A RN = EHLUR M, P- BiE AR ATP 456 &
(ATP-binding cassette, ABC )5z R TR FUB R R 52 2 — . H4h
ABC 52 (R B 9E FEALFEFI S 1) ST RRFB IR 52 5 40
Ji 5 2) F B A s PR BB ™ o L rpaa R S s AT M oG
BRI BRI, BT IRATRA T2 ABC sk
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Fig.3 The effect of Alisol B 23-acetate, Alisol A 24-acetate on P-gp

MVERITERT, HETHSARIMTAN Tk 24 =26 1) ATP i
ML 2) BB ST IR IR A AR LY, ATP o)
Bk B AR 2 B 5 TR SE 251 2 1k Pogp 632, 1]
FHT v i R 7 8 P-gp JIEY

VFZ Y C AN E R P-gp RYY, WKER . 512
BE MER A MRS DR E A SCHRR BT 2 KRR 1) S
A2 P-gp JIEY), iz MDRI #44% MDCK 4iiffff I ,Caco-
2 YRR S S R AT 5 T 1 IR S R R R A
WAL A A AE AL & W2 P-gp RN, 5 P-gp A K
BORAAHEAE M o AR SCEWGET ATP B it se b 255207
5 P-gp WEHT, RBZT 255205 P AFAE P-gp IIPEHIME S
AkmiE PRI T A& SR T 5 P-gp IPERT, R
15 JEAN A FOT B P-gpATP M B, P {5y ATP
Bl fi el , HE— 20 R PETS PP AE P-gp HYSRSEAURY) . Bl
PSR EEALI> 23- CEEETEIE B NG PR 24- W
158 A 1) P-gp ATP 15 2 J) 515, R W] 23- ZBkEIE T B
24- LIRPEERE A TRAT AT REZ: P-gp KUY

P-gp J&—F Iz o0 TN HA SN Z KBRS T 245
i}, P-gp JEVFZ 250 2 AR EAE B 25, el T 24
YRR PG 2 IS A AR TR RIF S fif b, SR, B W IR
P2 A 25 Y SOV S BBk B %, 5% MDRI
AN B R B R T 2 . ARSI ] ATP [ 53 Bk Ak
i o T ARG, AT UGN R 2 B is 1A - 25 AR, JU
X TR P2y T BT AR A L ATP B ik
P 2R G PRAH 245900 - e 15 PR AH B FIATTSE A T 0k T
FHUATSEIN v Py 25 5z VAR AT T, 0T i RS 45 B 25 By
TR R SRR T RS S B R E RIS BUIA 5 2
BRI, W0 IR S ik Caco-2 HZ 4R 3
B85 AT 45 AN 5 ik 2R e B 25 WA LA T 2 g
LI EAE RIS OO fp it — 25T
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