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ABSTRACT Objective To explore the absorption characteristics and mechanism of P-glycoprotein ( P-gp) mediated
transport of oleanolicacid (OA)across membrane in vitro. ~ Methods

HPLC/MS quantitative detection method. Safe concentration range of OA was determined by MTT. The effect of different drug

The intake and transport of OA were evaluated by an

concentration, incubation time, pH and temperature on the intake of OA by Caco-2 cells were investigated. The effect of P-gp
inhibitor on the transmembrane transport of OA was investigated by the Caco-2 cell monolayer model, and the apparent

permeability coefficient (P, ) was calculated. Results The uptake of OA was concentration-time dependent and correlated

app
negatively to temperaturein Caco-2 cells within the safe concentration range, but was not significantly affected by pH value.

Compared with controls, the P, significantly changed when the P-gp inhibitor was added to the model (P <0.05). The apparent

app
permeability ratio decreased from 2. 90 to 0. 95.
might be mediated by the efflux by P-gp.
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Conclusion The absorption of OA was primarily by passive diffusion and
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1.1 Zmfek  Caco-2 ZHMIIRIG T 5 [ L 2 TRy il [ B
H.» ( American Type Culture Collection, ATCC) , 3Z56
fd 5 30 ~ 40 X400,

1.2 o baX A AR b ek B O R B 55 A
( Dulbeccos Modified Eagle Medium , DMEM) ( GIBCO
AL 45 :31800-022) , i 4 IfiL i ( Hyclone 28w, 45
NXJ0709), 0. 1% Ji% & M i ( GIBCO 23 ], fit =
27250018) , A& BE% (GIBCO 2~ ], it 5-:25030) , 4k
WA E LR (GIBCO 24 Al it 45 : 1232254 ) , 4Ehiv iy ok
(Sigma 2y A], #1t5:20120816 ) , & 1B 123 ( Sigma 2%
A, 415 . R06154) , OA (b [E £ i 285 i K e ST B , #%
i :98% L5 : 201206 ) , A% 51 W I Xof B (o [ 6 o
2y K E BEEBE , 152 130824, F 15:99.2% ) , L)
(TEDIA 2\ ], {53 2, it 5 : 14025017 ) , ik & 11 -
EDTA (Sigma 23 7], it %5 : S10054 ) , B2 % ( K AR =
5 GR T, HE45: 20140415 ) oK Ry 2tk , HoAth R
¥R o3Hrat

1.3 L% MCO20-AIC # 4 4LHKR (CO,) K34 (H
A=V HE]) , CKX 41 AU E 7 e ( H AR Bk
HrAw) EVOM 4l A2 (S & WPT 4 ]) , GS-15R
PR VR B0 HL (P IE] Sigma 23 #]) , LCMS-2010EV 7
AR (3 - TR RS (L (HPLC-MS , H A B HE A7)
LCMSsolution &3% TAEul ( H AR HATH) o

1.4 mpasdiide i f & 2 frittE B Caco-2 4l
BT el DMEM 553 56rb (35 10% G4 10078 AR5
HH R 1% L-7% 2 Wk e 100 U - mL™' % 5 %, 100
pg-mLHERE F) , BT 37 C & 5% CO, K XHE
90% T 1% B H AR — I, M A0 R & 2935 90% =
0.25% [ (-1 mmol - L™ Z, 1 U Z, % (EDTA ) {4
PALAR . BRI 40 L, 8719 %% 8 o 6 % 10" A -
mL ™" 4T Transwell #z, 17 [ (apical , AP) F1 5L JfE
M (basolateral , BL) fIlie - RE TR . B H #eik , — )5 45
KAWL, 3557 21 ~24 d FrAUMLR B EEATC A SR B
>400 Q-cm®, LK FHIF 123 AR 4 eI BRI, 15
BIMNE R B R Z IS, ] T5s 5,

1.5 &5t i%iE: Shim-pack VP-ODS C 4 (150
mm x 2.1 mm,5 pm); G shAH: ZHE-0. 1% BE R =
68: 32, %4 :0.2 mL-min~' FFi .35 C ;RS
BB T e A H, % 35 5 T~ 4k (electrospray ionization,
ESI) 5 £ X} 2. OA, m/z: 455.3; % 51| Mg R, m/z:
527. ;AL AR H 1.5 Lemin™' PR E R
4.0 Lemin ™" &G L L. 60 KV 5 I R 375 7 28 2 1
250 C 3 B JE 200 C,

1.6 MTT 2o e &M 5% BOS 04 K Caco-2 41
J, R R 2 S x 10° > - mL ™ R T 96 FLES 3R
M, 24 h J5 W, S 9 AL 3 B AR [ B2 OA K 57
W, HE R M SRR R, ik 4 DR AL,
YZEEESE 12 T 24 h J5 RALIN A GEMEE (MTT) |, 55 £L
I H AL (DMSO) 5 150 plL, 25 UfE ik 4k 7 a4k
¥ 10 min, RF25 & W) 5850 15 ik, TR BRAX BB FR K
570 nm, zS LA @ & FLBOCREE . AIMAFIS %
(%) = (LA MOCREE/ X BRG] ) x 100%
1.7 Caco2 tapaiE IR 525 BG4 K] Caco-2 4
L, PR AN R 1 x 10° 4 - mL ™ 3R R 3R T 24
LRGSR, SEE T 2 h Z2 18 W S IH B SR, A T
Hank 212574 ( hank 5 balanced salt solution, HBSS)
1.0 mL Z BEAIMI 3 WK, ) B T 37 “C 5346 IR 30
min, Z248 1 3¢ HBSS ¥k, Ut £ 40 500 7 )2 R M 2
JBT, B EE G B I I () A R IR R L S A Bt pH
BT 27 U 52 ], A [R] R 3R 45 2 315 4 NS AL,
IIAZGH 1 mL, 3557 24 h J5 5 2250, in A 4°CHBSS
SR LR, BN AGEEZEIK 1 mL, 4 ) LA
I 20 M, RS Ry R 4 i, BB B TR 200 L, ImA &
MG, B0, B TS W 20 WL JH T HPLC-MS 4347, 55 X
200 L #4740 M 5 & 2, OA SR IUE DL g -
mg ™K [ TR B

1.8 Caco2 et Eosi4tiz 20 WG G5B 5L
IR FR Y Caco-2 4R AL, 1856 Aif F HiH HBSS ¥ 1k
H: KA Caco-2 HE A4 Transwell g 3 ¥k, BT 37 C 5
FEAG IR 30 min, HEELG YR | SO I (R] 2 12 7 )
S P-gp I 25 4E PR K AT 4 Ml 5% 35 OA (52, >4
¥iz J7 1) ) AP — BL I, AP it A OA i 1:0iA W
0.4 mLYER At 25 %, BL i A= 1 HBSS 1.0 mL fE
FEMOR . 4551875 81 BL—AP I, AP i A% 1
HBSS 0.4 mL {1k 2 $ W, BP b m At 3 25 3
1.0 mL, ¥ Transwell #i & F 37 °C %535 50 r-min "' ¥
FEa A EIR R G SR, 435 T 10,20,40,60,90,
120 min WG, [A) B 40 D23 1 HBSS 200 L, %
M4 ATl PR IZ ARG 200 WL, ITA 20, 5
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1.9 HBEAERAITFHE MENERE =

C/Cplolem ’ = QEH@%HX&[% I:F‘ OA B’]W@Z ’ Cpnolem 7\%%
AL U A5 BB TR 5P, = (dC/dee V) /(A-

Cy) ,dC/de g2 Wy Ae B i ) B o b, V Ol 52 i
AR, Ay Transwell 22 3 fik 2 i /i ¢ 17 £ (0. 33
em®), C, i OA 7¢I M) 4 4 Wk Ji s W B 35 %
(apparent permeability ratio, PDR) [+ %:: PDR = P,
BL—AP/P, AP—BL, 75254 AP—BL 55 &
$r, SRHAISPSS 17.0 Mg it Bt gt AT g it o, i i
BAR A R R Y+ bRl 22 (x £5) 3R AR HLER
K LSD-t £, P <0. 05 Ry 22 A Ge it 8 Lo
2 HFR
2.1 HPLC-MS 9 #r7ikag s WIS 7 E
A F iR R MR R BUE R R HPLC-MS 2347 J7 12,
OA {REABFAIZ92. 3 min, 5% 12 Wy K 4 A A2 W 35 TE 4% ot
TR I E . 4RI 1,

Y /Lkhjg

1720 25 30331720 2.5 3.03.31.72.0 3.03.3
t/min t/min t/mm

S G G

1720 25 30331720 25 30331720 25 3033
t/min t/min t/min
A B C

A. =8 HBSS;B. #a S im ik ;C. A de ik ;1. OA;2. 445 vE ER
B 1 EmiGnmRiLE
A. blank HBSS;B. standard solution ; C. sample solution;
1. OA;2. gliquidone
Fig.1 HPLC-MS chromatograms of the sample

2.2 MIT @fe i dhs R MIT SCi45 KM,
BlAE OA MR EEHNN , A0 MLAFIE 3200 B, 42 551 AR
P, 35 3% B 8] % 20 B A7 6 R BE AR TC R W, FE 5 ~ 40
N A AITEIE R > 80% , OA Mk > 40
TR A0 R B R O B A0 T A
A 5L 1, I, 7E Caco-2 iU HURI 12
SLIORT, HEFE 5 ~ 40 pg-mL T fENIE H OA 452k
JE L

2.3 BT s ieiE I OA #9% v  Caco2 4JifY
X OA fY 48 Bt a5 72 I [A] (1) 124K T 284K, 0 ~ 40 min
0 AR R HE I #4540 min J5 B 8T TR A, 41
JROEREIBCEE TG E N (P >0.05) , 455 DLIE 2, TFIR IS
AT R T2 0L PN A B 22 A K, 24 VAR 2 P R
40 min J54MIN SR OA e B2 35 21 AH X1 167 , $6 B

pg-mL”
pg*mL

TP, P, (MRS T U 5
40 min,

*£1 OA RREIREFM{EAEERT Caco-2 4HRTFE RIS
Tab.1 Effects of different concentration and incubation
time of OA on the survival rate of Caco-2 cells

xxs,n=4,%

W/ (pg-ml™") 12 h 24 h
5 98.8 £25.3 96.5+£23.5
10 92.3+18.6 90.6 £15.9
20 86.3 +12.8 84.4 £14.6
40 82.4+15.3 80.3 +10.7
80 69.5+12.6 62.8 £10.3
1.8
1.5F
~ T T T
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B2 EFEEXT Caco-2 LHRAIREN OA BRI (X £5,n =4)
Fig.2 Effects of incubation time on the uptake OA volume

of Caco-2 cells(x £s,n=4)

2.4 Bk EsTmieiEI OA 89%h I Caco2 4
123515 5,10,20,40 pg-mL 'Y OA {15 55 40
min , % ZEUR N IR ER OA AYSU I, 45 1 IR 3, 1%

B BE R B 3 S 2 B T, 4 OA YR HL AT
ne EL LB sy By Xtk 7.
150
~ 12} L
'oE:e 09|
B -
03}
0.0
5 10 20 40
C/(ng'mL™")

B3 Zo¥iREXS Caco-2 ZHFEIRER OA EMFM (X £5,n =4)
Fig.3 Effects of different drug concentration on

the uptake OA volume of Caco-2 cells (X +s,n=4)
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77 40 min, Ul 22 12 40 min J54AARLXT OA IR I, %
%% pH (EXTAI L R OA Fysm . 255 7E pH {HH 5,
6,7.4,8 Z&AFF, AT OA FEHUE 4050 0y (1.27 +
0.25),(1.31£0.35),(1.36 £0.33),(1.41 £0.28)
pg-mL ' AR A 22 R G2 E X (P >0.05)
AT TR pH (HE R 7.4,
2.6 BAKRBENMICHEI OA W9Fwm 0%
2237 CH 4 CHy /EHARE BT R] Caco-2 4HIEXT 40 pg
-mL ™ OA AR, 25 R UL 4. S5IREI 4 CRi4n
JUEEECE OA KT 37 C (P <0.05), 4 £6 B i Al
FIE it T 1 T v T AR AR, S B — 1 e AR 1
SRR MR I OA W] REZ MR A, 4R
4 Cof AMESE s N B, SNHEVE 0SS , 25901
PRI

2.5~

—— 47T

—a—377C

g
o

—
W

U/ (ngmg™)
'o —
W o

1 1 1 ]
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t/min

4 AEMFEZEEX Caco-2 HAMIIFEEI OA £
MR (x £5,n =4)
Fig.4 Effects of different system temperature on the

uptake OA volume of Caco-2 cells(x +5,n =4)

2.7 Caco-2 tmfa#kia £ B OA KK, 405 n A
Caco-2 ZH S B AP ) A1 BL N, ARk B OA 7
AR 8] 53 5 154 im ( AP—BL) i 2 Hh i e i 1 78 4k
TEOLILIE 5, AP—BL B, OA iz 5 Bk B AN 5 iz i)
(3 o 52 L M3, R 30 kg vk 2 N RO T P,
AP—BL Fifiv B () 34 Jin 7 i % 248 (P >0.05) ; BL—
AP [, P, BL—AP [EV BE 3G i s/, 22 74 geit
R (P<0.05) 45 0% 2, 451KV, kil #2
(AP—BL) EA W] & (9 v B A vk, 3222 LA sl 7 1
()7 X iz |, 143 Wb it F2 ( BL— AP ) FR7E— 22 VK 2
TFtE, P, BL— AP |6 35 e FE 7t 10 T B, PDR Fifi %5
VR FE R BE NN T B, T RE 52 A S s 2 1 AN HEVE Y
AL

RS R AFTE P-gp SMEFEHIXT OA $% 12 1 52
e, % i W T A P-gp #0125 4 hi >k ( Ver, 100
pmol + L") [ f¥7 30 min J5HIA 40 pg-mL ™' OA #Ef7
s s, S5 ILE 6, g5 R T, T 19 (AP—
BL)OA friz b % L, Z R AR E X (P <

0.05) ,0A 73l fe i ( BL—AP) # iz 42 WA B T
PDR {EH12. 90 FF#H0. 95, 455K 3, %4 it —
AU OA fEM I e 52 51) P-gp SMIEFEFTRZ R

30 -

—o— 10 pg'mL"!
= —=— 20 pg'mL!
2 —— 40 pg-mL"
E 20} pem
on
£
1
¥
;:é 10 -

o

t/min
El5 OARES{EMAEEX AP-BL #iz&8
IR0 (x +5,n =4)

Fig.5 Effects of time and concentration of OA on AP—BL

transport volume (X £s,n=4)

#F2 OAREXP,, 1 PDR BRI
Tab.2 Effects of concentration of OA on P, and PDR

x+s,n=4
WRE/ P,/ ( x10 ®em-s™")
PDR
(pg-mL™") AP—BL BL—AP
10 0.87 £0.22 3.88 +0.89 4.46
20 0.95 +£0.26 3.31+0.55 3.48
40 0.81+0.18 2.35+0.46"" 2.90

510 pg-mL 'A%, "' P <0.05
Compared with 10 wg-mL™" group, *'P <0.05

50
~ 40 —=— OA
- —s— OA+VER
g 30
on
g
i L
5w
® oL
I I I ]
o 30 60 90 120
t/min

E 6 Ver Xt AP-BL #IiZEHFM (X £5,n =4)
Fig.6 Effects of Ver on AP—BL transport
volumn of OA (X +5,n=4)

%3 Ver3tP,, 71 PDR HI500

Tab.3 Effects of P-gp on P,,, and PDR x +s,n=4
P,/ (x10 *em-s™")

S PDR
iz AP—BL BLAP

0A 0.81£0.18  2.35+0.46 2.90

OA + Ver 1.71£0.37""  1.62 £0.39 0.95

5 OA 4asz, "' P <0.05
Compared with OA group, *'P <0.05
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Caco-2 IR IR T A 45 B s 40 i , HL 2544 Fn A= 1k
RS2 T AN b R df i, AR S35 55— % B[R] 5
AT LA B EAT 22 Fh 245 ) 28 A RN B 1 /N i T % B 45
4, B TE 20 MK - BRI 0C T 254 43 38 3k /N g 3l e
I A B Rk vz TR 5 25 4 R AL
H

ARG R B IR, 760 ~24 h OA WK/ 5 ~ 40
pg-mL " YE N, Caco-2 AIMIAEIE 35 > 80% , DA 1k
40 wg-mL ™" g fe K25 B B T AR S8, LA 3R
TR B Aok v BN B AT T, 5 M X 24 4 I i ) S .
I HENT R R RS R 1 20 Y B RO RN s s
OA ¥ F£ 1) HPLC-MS W 22 J7 1%, VFH A W) 24 1 vk B
JNES ] A5 pH (B AE 2R X OA $EHL L Je P-gp 411
2% OA B5JEfE iz 5 . BFFTas SRR W, OA L
FELERT )R BEAR A 1, B OA Wk B I T 240 Jfa 45 X
PRGN, R OA 2Lk sh iy Sk 4.
PO HAETF UG B HFR, 40 min J5 20 g PN A1 0k S ik
FIAEXT A7 , BB T I iR BIAH X AT, A [F]A
J5T pH BT OA FYH5 I TG\ 35 52 ) 5 200 it FR Tt B
T v i R AT, S R — I R L 4 °C B
OA 48 Uit ] KT 37 °C, fliizs OA 4 i 48 B m]
REZAMER A BT, YR EE 4 C R AN 1 S )
B AMHENE S , B2 Y ER R R

P, BRSO S 25 )2 ik Caco-2 2L 50 )23 FiE
7 R 25 W A i T B — bR o L AR 4 SR
T, 0A Wy 1) P, 76 107° ~ 108 2%, P,
AP—BLZE(0.81 ~0.95) x10°° em-s ™' 2 |], & H
JHFREERE B AR, WSO, X 5 H ORI EE
BARMY S R EEAR — 3, W EE i3 SE 50 25 2R WoR - 40l
5 i B WA 1) 1k, W Wiy ] (AP—BL) R
iz BB OA WeJE (10 ~40 pg-mL™") K M%7 i ]
RGN, P, 25 5 TG A R PR 2R i
FLIwsh Y #ny Iy &%z ; 43w (BL—AP) Jyia],
P, Wi v B 38 hn g/, 28— MR BRI AN, B
P,,, AP—BLfl P, BL—AP W4l LA A G40
SC AR BE PDRAES) > 1.5, /R AT BRAATE AN &
H MR 2 1 7 Pogp S AR AR A HE G B
1, BRERFT 2 G5 AN T) (9 Ak 5 sk [ 2 i S AL, AT
R FRIE 58 #4020 2 Y Caco-2 4 JifS BE 5% 34 itk 2 4h
HEEE . APITEIESE, M R L =i 5
J2 P-gp JEEY, Wi P32 5 P-gp SMIEVE IS
R EETAFAE P-gp Xt OA W SMIETE R TERe ia

WA P-gp L@ HEAMGI 2 Ver, 55 x5 B LLEL, Ver
AESZ 4 IN OA R ) (AP—BL) 54184, $2
W P, , AR5 18] (BL—AP) P, ., H PDR i
2.90 TFER 0.95 %58 45 it — RS OA 7 Wik
HRENTBEAZ P-gp AMEAE FH Y 52 MR, BEAR T 25 W i
Wi, 0A e P-gp JEH . £5 L4518, OA LRAED A
FH AR AT RESZ BAT 790 TR0 98 ik 2 K I8 HH S8R B2 )
FOREARIS 3 PE R W % 3 rh A A AN HESE 11 (P-gp) 1
M, SRS E R PR 22—
&2k
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