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HENT Caco-2 4 B Z A ALVE HI () e IR FETE TR LA Caco-2 41 i B JE AR 9 )1 S R [ X FE IS /LI,  LARAISIE R
(Pypp) JRLIFEFR, HEETI), 29W BE LI P-gp FIHIFIAE R MRS N1 S R 4632 [F) 5% 04); Western blotting Y246 M )1 Z WX}
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Transport characteristics of ligustrazine across Caco-2 cell monolayer model and
its effect on P-glycoprotein expression
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Abstract: Objective To investigate the transport characteristics of ligustrazine across Caco-2 cell monolayer and the effect on
P-glycoprotein (P-gp) expression. Methods Safe concentration range of ligustrazine against Caco-2 cell monolayer model was
selected by the MTT method. The mechanism of ligustrazine bidirectional transport was investigated by Caco-2 cell monolayer model.
The influences of time, concentration, and P-gp inhibitor Verapamil on the transport of ligustrazine were studied using apparent
permeability coefficient (P,,,) as index. P-gp expression in Caco-2 cells was analyzed by the Western blotting method. Results The P,
of transport from apical (AP) side to basolateral (BL) side was over 10~® cm/s, which showed a good absorption. In the Caco-2 cell model,
the transport amount of ligustrazine was positively correlated with time and concentration, and the transport amount from AP side to BL
side was higher than that from BL to AP. The absorption of ligustrazine was not only rejected by P-gp, but also the P-gp expression was
inhibited by ligustrazine. Conclusion The transport of ligustrazine across Caco-2 cell monolayer model is deduced as passive transport,
ligustrazine is rejected by P-gp, and there is an inhibition of ligustrazine on the expression of P-gp.
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. JIEWE (ligustrazine), M A VYHREILEE, M5
W EBG R 2 — WFFRRNE G LAY kil
(E L)) ISR S DT I AT RANY & 22 = 112 R TR
BRI, HERL TR S 5], Xl R %
JEES O s il RS Va9 AR E R
MLy E s S e U, ARSI )| B WA
Caco-2 4 g b 2R (W) LIS REAIE LSO P-gp A TH)
oM, DU 1 SR 258 R S SR A S0 A AR
1w
1.1 ZAm5i

NE W, o [ 2G5 A A E T, S
110817-200305. MTT, Biosharp /A 7]; —FIFEAVAK
(DMSO), Z[H Sigma A ;40 AR, 52
K==L K LIS (PMSF). BCA & A& &
WAE, Jbat i B B A EARAT B 5T A A
Prestained Protein Ladder, Fermentas Z\y#); PVDF
FEEIRE, Pall AF]; sc-9104Tubulin Hk (H-235),
Santa cruz biotech 24 #]; anti-P-gp /) Bl . 3L
(ab3366), Abcam A )5 BRARBEARIC I LLFEHTA B
IgG, Jackson v w]; Tris Buffered saline 2%
(TBST, pH 8.0), HIZLALNE-20 ALiil; ECL fh5
RIGRFNE, Pierce A7]; DMEM Kigrdt, JEdbT7
RHEEMR, Gibeo AF]; JEA-IIGE, BUMIYZEF A F;
L5t , vh e 2 B e A e 2 TR 5T s
T -HER PR, T B B R B AR P s 2 TR
5T BRER AR (5 EDTA), dbntdE B kA mris
ARA WS KAEBAIK.
1.2 {435

IE A ZE PO W EE, HA Nikon A #]; JEM—
1230 HESHBE, HAS Jeol AF]; SW—CF—IFD
B TES, R SEARAR; LDZ5—2 ik
HE O, dERBER SO 3111 CO, ks
i, Thermo A ); YXQSG41.280 T-HEHiHE f17%<
RS, BB A s Millipore Simplicity
ali7k4%, & Millipore 24 F]; Millicell-ERS FELFHAY,
2% [ Millipore Corporation A H]; 6 24+ 96 fLAAN
Brgeti . B, 25 Corning A#]: 24 {1 Millicell
H#iz4L (0.4 um), ZE[E Millipore Corporation 23 7] o
1.3 4iAm

Caco-2 40f, 14 A T EFFBE b4 M
2 HE
21 JIIESENE
2.1.1 (B35 4%F  Agilent Eclipse XDB-C g (8 it 4f

(150 mmX 4.6 mm, 5 pum) Fl Cjg R4 (20 mm X
4.6 mm, 5 pm); YishAH N FEE-0.5%8E B 7K 7 i
(32:68); AR E 1 mL/min; 3% K 280 nm;
FEi 30 °C; HEFERE 20 pL.

2,12 JiikiEFEER

(1) FRUEMIZerIZehl: R B8 B 1 55 W0t
fifi 8 CHF 13.6 mg )1 #5100 IR il v T 2K
HEMERSE 10 mL), H25 A D-Hanks ¥ Hl %
WRESY RN 4. 8. 164 32, 64. 80 umol/L (KX e
MV, 7R BRI A N R T, LR FE AR
Akbr (XD, WEIBUNHAAER (YD, KA IR/
THVEAT AR DA, 2 bR AR M2, R R
Y=3.9722 X+5.663 4 (+=0.999 5), JI| ZHAE 4~
80 wmol/L I R Uf (L C & .

(2) K% PEANAENG 5. H %% 1 D-Hanks 2%
TR RS IRl 80 160+ 240, 400 pmol/L ()
JNE VR, B4 5 4y, 247 HPLC Wl
E, MRYEARAE M2 v BN BRI, IR TR
P (RSD), RN HESELMES R, RSD
BINT 3%, TR 95%~105%.

(3) FoE ks : FH25 A D-Hanks G HIAR &
7 80+ 160, 320, 400 pmol/L ff))I| E5WEIER, 437
T 0. 2. 4. 10 h 47 HPLC J5E, FHARFEFRE ik
THERER T NSRRI RS, S5 ALFE A TE 10 h IARE .

(4) LEMERLE: 435 EUS 1 D-Hanks ¥ «
I E T FE R LA R 18 Ja A i 4T HPLC
T, ARV 1o 1R 0 B A A (i 06 2y
HEERT 1.5, BRIEHBECAMKT 3500, HAEXS
WEAEAR N B R Wik g, kL mik Rt
2.2 YHEEEESF

4 Caco-2 I E T 20%M624- M35« 1%AE
TTRAIEMR . T8 -85 E YUY DMEM i
FEEE, AT 6 FLIRLE, 7E 37 'C. 5% CO, fHifL
BERFRARIN R RE AR, BRI d kK 2 ALk
T 80% e A7, FHIERE WS kI HARAR.

23 MTT EFEAYKRIIRE

FEME T 2k K1 Caco-2 41 L LA 2 X 10%/mL
B LT 96 FUA, FEFLAARFN 200 pl, 5577 24 he
AN ARFFLER TR, AN 2351 100+ 200+
400, 800. 1 200 pumol/L /)1 EHEHE M, 25 I i
FUA B BE IR, A ALl RN 3G 7. i
“2.27 AR 720 G, WAL EIREN 5 g/L
) MTT ¥ 20 uL, 37 C N4REFE 4 he ZabHR
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1 ZEXE A). JISENBRFE (B) FEREFR (C) B HPLC

Fig. 1 HPLC chromatograms of blank sample (A), ligustrazine reference solution (B), and sample solution (C)

Ja /N0 FE s, BESLID DMSO 150 uL, #&%
10 min 45 W) 78 0 i, TR ACRIIN 490 nm 4b
PWEIE (O, SAME, A RAEE (4
MUAEIE 26 =SRG2 25 A i/ 0T R34 A D . 1k
A0 AT 175 2 = 80% I 245 W Tk 5 AF  JE 4l il 53 9k
FE, e I8 B

2.4 Caco-2 iR F1EEH &

B BUE KA, 1X 10°/mL (#1853 35l
Tz, T CAP) HJEM (BL) 437001 0.5+
1.5 mL 85555, BRI, 1 JAERRIE, HRE
21 d, DUE P05 TR e ol R Tty 1 LA B - AL
JESHEBH, 4 AP 55 BL W0 (PR Wi R ety 1 L 4z
U301 AR &AL I LR T 500 Q/em?® IPE, 2
B Caco-2 4l il o )2 B, W LA T8 525 .
25 HIEXW

AT “2.47 IR AT oL, 7ESeRmiH
TP D-Hanks #3596 3 K, feJa 1 IRTE 37 Ch:
FRFEHHIEIF 30 min, WA K. H] D-Hanks & FACH
WEEH 80, 160, 240, 320 400 umol/L )15
25, 76 APl %2 BL M)Az S8, AP Ny
#% 0.5 mL, BL fl]jn#* 1 D-Hanks % 1.5 mL, %%
3RSl 7E BL A AP Mg, AP fln=as
I D-Hanks 3 0.5 mL, BL {253 1.5 mL, &
3AMNE AL H5E P-gp MIHIRILERIEKR )1 2 i i
(RISEM N, 2% FH 2 4ERT AR (50 pmol/L) 1¥) D-Hanks
WA MU 30 min, WP, AP )i =R
25 160 umol/L, BL MUfEA#EalG, 2452554 24
FUBCE T 37 "C. 50 t/min HMEIRIERS, 20T
30~ 60, 90, 120 min MFZWI P HUFE 200 pL, [
i5FF %% 1 D-Hanks ¥ #M e, HPLC £ill. v15 259
(MR MIBIE REL [ Pappr Papp=(dQ/dt) / (AX Cp),
o dO/dr RSO AN R )RR is B, A A Ris
AT AR (0.33 em®), Co N Z5IIRIUEIR ] -

2.6 Western blotting ;% P-gp B3R IA

BT AR Caco-2 4005y A% R4 (AN
230, HERIIAK (80 umol/L) PHMEXT R, JIIE5HE
(80 pmol/L) 41, NNZiJE+E 37 ‘C. 5% CO, [Hil# 5=
FEER 72 h, TRMARREARAIN, U EA, R
TG INERAE, LI 2 - TS aR )
i, SDS-PAGE 5 [F1 it FLIK, REAMFEA S 221 60 pg
PRRN, HEATHIK, FEE, S%MEARERE A 1 h,
anti-P-gp /NPT (P WFE 1 h, TBST JEEk 3
R, BARBEFRCNLESUNR 1gG (29D W E 2h,
TBST ¥ 3 I, 1/ ECL id#& % PVDF i L
HH M4, XOGIRBDE, 4, H Quantity
One PG TR AE 508 H bRa& s RO HEAE
27 HitEAE

Bl x +5 Ko, AN LLEBCSRH ¢ #5.
3 #R
3.1 AYKRWIRETFIE

JE RS K 100~400 pmol/L I, 5% 4 h
JE AT 2K T 80%, R I )11 25 R I 22 Ak P
& 0~400 umol/L.
32 JIISEEESREMIRENXR

TEAHIRIREE T, BERRZEK, AP—BL JII &5k
el m B IKES, HA WA ICE; 78 [H— i,
NS R P O e e BN, WS R S A 5 EAH
Fo AP—BL JIIZE Py, K 7.5X10°~9.5X107°
cm/s, FH ISR OB A, AL DR AEY)
FIF S 20 2 Fk 1.

HEAHFERE R, % AP—BL 5 BL—AP JI| %
Wi Z H ] UL, AP—BL JI| SRR #5151 B KT
BL—AP #iz28 (P<0.05), M2 H@ &M
AP—BL ¥z 77 o sh#tia, H T Resdess 8
SIZiMAME. I E R E A 80 pmol/L i AP—
BL 5 BL—AP iz w L ILIE 3.
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140 - 34 JIISER P-gp RiZHIFNE
—— JI| &% 80 pmol- L™
120 = JI[ 515 160 umol L' L AAHLE, )15 80 pmol/L 41 P-gp [

100 | —— )I| %515 320 pmol-L™!
= )I| %515 400 pmol-L™"

328 / nmol
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o
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2 FESREIEE AP—~BL $#5iEH#M (n=3)
Fig. 2 Effects of time and concentration on AP—BL

transport of ligustrazine (n=3)

£ 1 JIISEETE Caco-2 HRIRAIGEITYF 1%
Table 1 Transport characteristics of ligustrazine
in Caco-2 cell model

NG/ P/ (X107 cm-s™) PoppBL-ap) /
(umol-L™h AP—BL BL—AP Popp (AP-BL)
80 9.33+0.75 4.994+0.46" 0.54
160 7.70+£0.44 5.03+0.52 0.65
320 8224046 4.78+0.47 0.58
400 8304049 4.90+0.50" 0.59

5 AP—BL t#: "P<0.05
*P < 0.05vs AP->BL
30
—— AP—™BL
_ 5 —=— BL—AP
g 201
=
e 15 +
19
& 10t
5 L
0 1 1 1 1
30 60 90 120
t/ min

3 JIIEME (80 pmol-L™") AP—~BL 5 BL—AP
HEBILR (n=3)
Fig. 3 Comparison on transport of ligustrazine (80 pmol-L™)
between AP—BL and BL—AP (n=3)

3.3 HERIAK )| SR ERN I

51158 160 umol/L 4y Z541AHLL, A4+
K (50 pmol/L) A e 4 ) 1| E5 e AP—BL [ff%ia i,
Pop 73914 (5.13£0.44) X10°°, (9.46+0.64) X10°°
cm/s, ZEREE (P<0.05), RU)I|EEEZEZ
P-gp [IAMHERZI . AERIIFKN 1505 (160 pmol/L)
FEIZ IR LK 4.

ISR F L (P<0.05); {HAEH T 55 T4Edrmk
(P<0.05). 2RI S,

50

I
R X045 NSl =10
40t
= L
£ 30}
) L
1‘3 20F
ﬂ\\: -
10}
O 1 1 1 1
30 60 90 120
t/ min

4 HERHKI)|EHE AP-BL RN (n=3)
Fig. 4 Effect of Verapamil on AP—BL transport

of ligustrazine (n=3)

P-gp _ 1.7 X 105
| — — o—
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E N
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2 030 T
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P 020
=%
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0

XTI Yeprifik ES

SR TP<0.05: SUERNORAILE: “P<0.05
"P < 0.05 vs control group; “P <0.05 vs Verapamil group
5 IIEER P-gp RiEWF I

Fig. 5 Effect of ligustrazine on expression of P-gp
4 Whig

Caco-2 4 M5 7R 55 N\ AAHE O HLIRIAT R4 (R AH
AR, REFTINAR PRI BIF 5 245 4B TRl 1 1
TR, SR MTT VR5E 204011 2 Ak 3 vl i
e PR L A A T S B R R R . A
Scrp, )1 256 AP—BL ) Popp KT 1X107 cn/s,
RIS RI AR KAy, HEDINI Ol AR s
B, Heiz e SR EEANIN 8] S IEA K, H. Papp L-ap)
5 Pup ar-syyFIEHLAEY 0.5~1, DA ) S EELE
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AP—BL fll{{¥eia )y Aoy #eshiia, Il el 4
AT . A RN, NGRS
HFEAIE Caco-2 41 I P-gp FIAT, At 4 bk
WY, NIERRER] SR AM ] P-gp K& 1M H4 P-gp il
FILERLMK AL LSS 1) Caco-2 4N, IR
Fis W] B ite, RYIIEWAE Caco-2 HRAML
¥z %2 21 P-gp FIAMIEAE .ttt n] I )15 AMY
i P-gp [T, [N 1 £ 52 3 P-gp (AN -

ARG H Caco-2 i M L ZAIL X 1|75 24k
AL BEATBIEE, SR AN IR A7 AE —SE IR )
BRYE, BTEAASCIS A fr T S Eh W R N SER AR 4G 1
] WIS R AE A A LA, 38 E AR Y S5 AR AR S
(IR AL, D 15168 52 5 e AT 24 B0 2 578 B S o
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