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B . B WIS EE RO E A (HSYA) 7E Caco-2 #0Jii fuZ M (AL IZHF L. 5% MTT
0 E HSYA % Caco-2 41 i H AR A4 FH (K 22 A VG ] SR Caco-2 41 M i AR 5 8 g b 1) 29 ik FE  TRLFE
pH E ALK P-BEER I (P-gp) M50 2R A KN G £ A Q515770 B Z AT HSYA #2150 ; RT-PCR A0l HSYA K4
LR 2 2y 25 58 (MDR1) Rik5gm. 58 AWM (AP) FKM (BL) (AP—BL), HSYA [HRMIBIE R (Py,)
fE2X107°~5X 10" cm/s, FLHIHMBBcHEr P2 HSYA (4518 5T LRI E] S IEAIDG, 37 CF HSYA I Py, 5 44 25
C R Py A 25T (P<0.01), pHfEN 9.0 N Py, 55 pHAEA 5.01 7.4 N Py, (AW 25 (P<0.01). ZEHIH
KRG T MDR1 BRI F3RIE, H HSYA (WSR2 4E R INK A2 & 2 gl i as = A, 5 HSYA WAHEA
Z A AR S N, FL Pyper-aryPappar-syfE 1~1.5, HSYA [MWBCEFEIEARF S4B L. 458 HSYA 7 Caco-2
YN AT B (WA T RO BN L, AN P-gp MBS, ARG IR AR T HSYA HIWRIC
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Transport characteristics of hydroxysafflor yellow A across Caco-2 cell
monolayer model

ZHOU Peng, ZHOU Hui-fen, HE Yu, ZHANG Yu-yan, YANG Jie-hong, DAI Liu-ling, WANG Xing-yu,
WANG Ze-feng, WAN Hai-tong
Institute of Cardiovascular-Cranial Disease, Zhejiang Chinese Medical University, Hangzhou 310053, China

Abstract: Objective To investigate the transport characteristics of hydroxysafflor yellow A (HSYA) in Danhong Injection across
Caco-2 cell monolayer. Methods Safe concentration range of HSYA against Caco-2 cell monolayer model was selected by MTT
method; The effects of time, drug concentration, temperature, pH, P-gp inhibitor (Verapamil), and energy metabolism inhibitor (sodium
azide) on the absorption of HSYA were observed by Caco-2 cell monolayer model; The multidrug resistance (MDR1) gene expression
in Caco-2 cells was analyzed by the RT-PCR method. Results The P,,, of HSYA transport from apical (AP) side to basolateral (BL)
side was in 2 x 107 —5 x 107® cm/s, which showed a medium absorption. The transport of HSYA was positively correlated with time
and concentration. The P,,, of HSYA transport at 37 ‘C has significant differences with those at 4 and 25 ‘C (P < 0.01). The P, of
HSYA transport under pH 9.0 has significant differences with those under pH 5.0 and 7.4 (P < 0.01). The gene expression of MDR1
was significantly reduced by Verapamil, but the transport of HSYA was not influenced by Verapamil and sodium azide, the number of
PppL—apry Papp(ap—pL) Was between 1 and 1.5, so the absorption of HSYA was basically in line with the passive diffusion. Conclusion
The transport of HSYA across Caco-2 cell monolayer model is passive diffusion, and is not influenced by the change of P-gp and energy
metabolism. Low temperature and alkaline environment are not conducive to the absorption of HSYA.
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PSRN P2 L Ae 4t &2 5417,
A A PR b 87 FH 0 3 S0 9 9 ot A BEL T 350
) g B b MRAF s T e FRIELIAE TR (DR A
(HSYA) RAFAETLLAE P I EEAA RSy, 24AE
2y IR B SO RS, LA i it SR
R F R NORE SR §okines ., s
YIRS (1 N (Y S I E 1 7] N e s = S PR AN
TSRS e 2RI Th 25 52 07 I Iréh 25 2 R =, %
DML PSR AR AT B 2 V6 TR0 s H HSYA HAT#4
AREtE, Rp gD, WL2is R s
KL, Caco-2 Al A2 H AT A1z
FHAARSMESAEE Y, wlfE i K -F 3Rt 01
FEIL NGRS oAy AR Beis DL
LA E R, TR R R BT 5T 25 )RR ) o] 5
FBL, JFOIREE FDA HEvE F A 25 W i i 45
RIS WA T ARSI K Caco-2 4
Ms AR, ABFIA] . MRS pH . WE.
TG AT 5 2 SR PELL TS % HSYA 1E
Caco-2 4l ffl B JA B [P #5028 R 1iE, S HSYA 2438027
FRERF TR LS i i, IR 255207 rh 2457
LRSS %

1
1.1 @5

HSYA (JFURAMH0 98%, Kt w AEWHAE
BRAT, b5 120829); HEhiMak CH[E 65255
K e gt e, 5 100223-200102); — 5L 4
(DMSO), [ Sigma A7]; DMEM #5733, b
TR, £ Gibeo A F]; M4, BMPUZEH
AFy LR 55 R-EEE RS0, hHEBE
SRFE B A 2 TREIESUHT; 0.25% B8 F1-0.2%
EDTA b, MTT. S%ALH. cDNA 55
iR &+ SYBR Green PCR Premix HS Taq, b3t
S E B RV AR R AT RNAiso Plus &
RNA $##HGRF], AW TRGHRA R, FEE. L
Yo taitkali; K AR,

1.2 &

Agilent 1200 Series i 2 AH (03 4 (4 [
Agilent 22w]); {HIEAZEZOCEME (HA Nikon
Aw]); LDZ5—2 AU A 3P s 0L (dEstn
SEELODHUA PR AT ; 3111 CO, 41 i 1% 774 ( Thermo
AT FEZ AW (Sartorius) BS110S HL 7K F (b
AR Z R RV AHBRAR D) 4 H 30 AR
(BIO-RAD); YXQSG41.280 T4 Hi & 1778/

By (RS ;s Millipore Simplicity
afi7kK4% (3 Millipore 22 7)); Millicell-ERS HiPH
1% (&[] Millipore Corporation A #)); 6. 24. 96
LA IR (25 Corning A 7]); 24 L Millicell
324l (0.4 um, 2 Millipore Corporation 23 1] );
96 5E B PCR X (Biorad).
1.3 4Hfm

Caco-2 4iifie, W F b R Filgd e, 1%
A5 30 1R,
2 HE
2.1 Caco-2 i EiaRIzE 1

4 Caco-2 4NIBE T& 20%A2F 1M . 1%IE%
TARAIEMR 1% 5 2= -1 5 2 P DMEM =ik
Rt #EMT 6 LR, 7E 37 C. 5% CO;,
TEUR G FRAAIAEE P RETR, BRRIRM. Atz
FLIHIAR ) 80% Ay, F MG A0 HALAR . O
KLl 1X10°/mL 192 4R T Transwell
ANEH, T CAP) )R (BL) 235 0.5, 1.5
mL Bi 93, MR, 7d JaRERIE, HFRE 21
d, W A 055 1 A Tl e T e DA 5 LS
JECHLRE, 4 AP U5 BL 0 P 1 % R T i 12k LU A
BEIT 3 0 1 LUK FLES BB K T 500 Q/em” ), 3
B Caco-2 4l )2 CIE K, n DL FH1s 525,
2.2 MTT EFEAMIRHRRERE

B4 T2k K 1) Caco-2 41 LA 1X 10°/mL
B RERRT 96 FLAR , FEFLZARR 200 pL, 1575 24 ho
AN FLIE TR NN TR FE 53 34 40, 80
120, 160. 200. 300. 400 mg/L [{] HSYA &, =5
AU S BRI, o AU AN e N5 79, fERS
FERAT ARG 72 h J5, BRALIN S mg/mL ) MTT
W20 uL, 37 CR4REFH 4 ho ZAbiGFR)E /D
R FF E3EW, BEFLIN DMSO 150 uL, #%%% 10 min
{2 P78 3 R, BEAR ORI 490 nm AL IO
B (O i, BALEE, HEAAAE R I
I A7 175 22 = 90% 1 2447 ot 8 VA S A hy Al 4 Jf 7k
JE, N IE IR .
23 B

FFE “2.17 TR S Fs L, AESEgemr
37 CH#) D-Hanks 306 3 %, &a 1 IKAE 37
CHEFEAA IR 30 min, W LK. H D-Hanks ¥
ficthil 60 120, 180 mg/L ] HSYA 24, 7£ AP I
A BL 5512525, AP MlN25% 0.5 mL, BL
=% 1 D-Hanks ¥ 1.5 mL, %& 3 MEAL: #
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BL |42 AP {152, AP Ml in=* (1 D-Hanks ¥
0.5 mL, BL N4 1.5 mL, %W& 3 MEAfL. 4
254 24 FJLBCE T 37 "C.50 r/min [E IR SRR,
23 9F 300 60, 90, 120, 150. 180 min MW
PECEE 200 pL, [AIH A 2% ) D-Hanks ##h 2, HPLC
iRl

R YE RTINS Z AL BT HSYA #4312 [ 5200
i, 23590 4 F 2 4R R K (45 mg/L)ATE &AL B9 (600
mg/L)¥] D-Hanks 80 & 40 i 30 min, W 23
PR NN 120 mg/L HSYA 243, HLAxiedtER L.

Z%%% pH {HXf HSYA #1252, D-Hanks
W UER I fL)G, 15 AP I pH {E 2518 5.0+
7.4, 9.0 [ 120 mg/L HSYA 2y, H AR L.

F B2 N HSYA Fas (152 iy, D-Hanks ¥
wiEEIZ S5, WIS N 120 mg/L HSYA 245
24 FLBP B T 4. 25, 37 CREIKTFIHMT#HIE,
HARBAER] L
24 HmALIE

HUFE SR 12 000 t/min 250 10 min, WEX I
W #E4T HPLC 43 #7 .
2.5 HSYA EEMNE

i 41 : Agilent Eclipse XDB-C g {4354 (150
mmX4.6 mm, 5 pm) Al Cg £ F (20 mm X 4.6
mm, 5 pum); BN LJE-0.4% B RRKE M (11 -
89); MR E 1 mL/min; A 403 nm; A
30 C; HEFEE 20 L.
26 EKE=Z PCR M Caco-2 402 MDRI1
mRNA Fix

F B KR Caco-2 40 43 A 6 BEZH (AN
25 dERIIK (45 mg/L) BHTEXTIEZE . HSYA
(120 mg/L) @, MZJGakeLia7afEi% 72 he %
Trizol &L W1 5 AR I 4141 ML & RNA, %
fit -1 DEPC AbPE/K ;& cDNA: L& RNA S pL
R, AN Oligo(dT) s 514 1 pL. dNTPg 1
uL. SXE BG4 pL. Super M-MLV
WS 1 pL RNA BEIHIF] 2 ul, i RNase-free
ddH,0 B ZAAFL 20 uL, TRAT, Wik e 46F 0y 42 C
1h, 92 ‘C. 5min, 4 ‘C. 5 min &% 1 4 cDNA
BE; SZINE R PCR JOW: HUSHSE ) 2 L 1E N
PCR SN, IO ERIES I (& 1) 10 pmol/L
% 1 uL. SYBR Green PCR Premix HS Taq 12.5 uL,
#N7E DEPC /K 24K R 25 ul, %), PCR 44F:
if 94 “C. 3min, ¥4 94 C. 30s, 61 C.

F1 FATEFEE PCRIIEHIFI4Y
Table 1 Primers of real-time amplification
B M Elk 2l
B-actin 1E [ 5|4 5-TGGCACCCAGCACAATGAA-3’
K514 5°-CTAAGTCATAGTCCGCCTAGAAGCA-3
MDRI1 EM54) 5°-GCCTGGCAGCTGGAAGACAAATAC-3’
5 4 5°-ATGGCCAAAATCACAAGGGTTAGC-3’

30s, 72 “C.30s, ¥ 35 MR, HAE 65~95 C
g . LA B-actin /M2, KRS Bio-rad
Rl R Ge B0 Ct B, SR AN E vk (27498
7145 MDR1 mRNA KIA/K -, #EAT PCR ¥ 147~
(S I 52 AT
2.7 SitFEAE

HARBILL X £5 Fon, MR AY)IES Caco-2 4
JH B2 1) R B IE R B Popp s Papp=(dQ/df) / (4-Co),
b dQ/de Ay FALIN R 25 Eis &5 A Ol Caco-2 H
J2 40 B PR 22 T AR 0.33 em®; Co N AE Caco-2 ¥ 41
i) AP M=% BL U 1) 250146 i ], AR
() 7 P b AR e/ i L (LSDD) BRI Z %
3 #1 (One-Way ANOVA ).
3 #R
3.1 HSYA X} Caco-2 RS HHI{E A

MTT Krillgh LW, HSYA FimikJE7E 40~
200 mg/L I, 4 HOA7 35 5 AR LSRR T B i) 1
N HIAF TG R IIE 90%LL I, J& Caco-2 UM %4
3.2 HSYA HE5mEFMREREMKR

FEMFR R E R, BN A SE K, AP—~BL #iz
HSYA izt RIS, AN RAHOE: 7R
—Ib1E], HSYA FUmkEM Rz EmBR, WS
BRI S, B TE MK o Pagpap--sry PE 2X 10 °~5X 107
cm/s, RW HSYA HIWf e 2. g5 R WK 1 Fik
20 RN REIRBEVGEN, SgeitiE iR &
UL PappwL-ap) 3 Pappar—sLy 70 i 5 11 22
S, CHMEESNT 1.5, Bkl DUERT HSYA
E Caco-2 4 A ) b ¥y ia L LAk sh 3 5Ok & .
HSYA Ji &5k 120 mg/L I AP—BL 5 BL—AP
iz b L 2,
3.3 pH{ExXf HSYA &z RYE M

pH {E0] HSYA #6325 S i 25 5L R, pH HK
50, 74, 9.0 ISR, Papar-sufE7 00 (3.60+
0.45) X10°% (3.10£0.31) X10°% (1.61£0.17) X
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1.2 —~+—HSYA 180 mg~L’;
Lol THSYA120mgL
: " HSYA 60 mg-L

0.8

E 06
% 04
0.2

0 30 60 90 120 150 180
t/ min
1 FE5REREX HSYA AP—~BL 352080 (n=3)
Fig. 1 Effects of time and concentration on AP—~BL
transport of HSYA (n=3)

R 2 HSYA 7 Caco-2 ZHRIIEAVEEIEHE (X £5,n=3)
Table 2 Transport characteristics of HSYA in Caco-2 cell

model (x+s5,n=3)

HSYA / P/ (X10°cms™) PappBL-APY
(mgL™)  AP—BL BL—AP Poppar-sL)
60 2.10+0.49 2.87+0.72 1.37
120 3.08+0.76 3.78+0.99 1.23
180 4.304+0.93 493+1.13 1.15

16 ¢
w 12| -= APBL
= L —+BL—AP
1@ 0.8
1)
04

0

| 30 60 90 I 120 150 I 180
¢t/ min
2 HSYA (120 mg/L) AP—~BL 5 BL—~AP #iz 8
BRE (n=3)
Fig. 2 Comparison on transport of HSYA (120 mg/L )
between AP—~BL and BL—>AP (n=3)

10°® co/s, ot pH {8 5.0 IR (P<<0.01),
pH {4 9.0 B 2 (P<0.01). 453 B Rmi M
REEAH] T Caco-2 ZHuxt HSYA WM, 175918
INEE N
3.4 EEX HSYA (5= HI8 00
i O et 2 e s S MR 1 O NS R e SR S
PE L 29 s v A 1 2 B 2, 7 4.
25.37 CF, HSYA ] Py, {725+ B34 (P<<0.01),
UL HSYA (61852 B (13m0, W3R 3.
3.5 HRMAKSERWIXT HSYA $E R0
Caco-2 41 M )2 Tl e A3 =& 1) P-FlE &L 1
(P-gp) Kik, P-gp +& % 2 25 R ¥ (1 A HF

F, MERLIAR S P-gp #7177 B R ALHY R LUE L
SR A0 e A AR R M R 25 . 7ES)
SN oK N B B AL AN 30 min J5, HSYA
(K] Papp 55 AR DA & I IRALLL L, IR
#2225, VW] HSYA e ANSZ P-gp MIAERITHFE
VR, AR 4.
®3 BEX HSYA HIZMHME (x+s,n=3)
Table 3 Effect of temperature on Caco-2 cell
transport of HSYA (x+s,n=23)

P/ (X107 cms™) PoppL-ApY

wWE /C
AP—BL BL—AP Poppar-BL)
4 0.92+0.07**  1.061+0.14** 1.15
25 1.2940.15**  1.6740.24** 1.29
37 3.10+£0.35**  3.9640.68** 1.27

4, 25, 37 CHIFiLLE: *4P<0.01
44p <0.01 between each two of 4, 25, and 37 C

R4 TR HSYA HIBMME (X £5,n=3)
Table 4 Effect of inhibitor on Caco-2 cell transport
of HSYA (x+s,n=3)

Py / (X 10 cms™) PappsL-ary

bl
AP—BL BL—AP Pappap-BL)
HSYA 3.08+0.76 3.7840.99 1.23
HSYA+4ERriik  2.88+0.17 3.5610.24 1.24
HSYA+Z& %4 2.98+0.15 3.64%£0.42 1.22

3.6 HSYA X} MDR1 £ [E &K iARY 00

SEINE fE PCR 45 KW, HJE MDR1 Al
WS A B-actin § 1Y [ 4T S & AUAF X T4 5 L
%5, SXHEA4ILE, 45 mg/L 4EfrmK st MDR1
FIEA W B REA/ET (P<<0.01), HSYA %f MDRI
RIEBAWE W, UFSE HSYA MFHEA% P-gp

R o

5 HSYA ¥ MDR1 EEFRIZHIFM (x+s,n=3)
Table 5 Effect of HSYA on expression of MDR1 gene

(x£s,n=3)

ZH p/ (mgL™") MDRI1 X} R IE &
of HeE — 1.46+0.25
EIEUERS 45 0.54+0.09"
HSYA 120 1.35+0.15

GaRHRALLLE: T P<0.01
P <0.01 vs control group
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4 itig protein, MRP) J& Caco-2 4ifiurh 2 P I 2 )41z &

D AR 587 7 = W T 7 RT3 110 1 R 11 1 W R DY
. PUE. BEEMAL RGERSSERS, HSYA
SEFHLE R gy, HA OO o o A A
AR RSP0 R IE R S . IR
PG AR A0 2 2 Bl 2 B LS, O T S
T s 25 IBOR , A S8l it Caco-2 41 AR
A, WEFT HSYA 5 IS WA, PRI/ R
B PN, A2 S I AR R s 24 770 20 ok P it
SR .

SR MTT 200 5 24540 1) 4k 8 ] KT 2
Wk Tk s A AT R B R S . AN SEES
1, HSYA A AP—BL S\ BL—~AP [{)¥iz i 5}
(RN FE S IEAHOCHE I, HSYA ) Pappar—sy A 2 X
10°~5X10"° cm/s, J& T WIS, H
PoppaL—ary Pappar—~sry A 1~1.5, ¥ H]5E HSYA 1)
iz )y R oy gl

— MR U R il R AR A T i ds R L [
FRAENY, (ER N S R R R RN, A
AR b2 AR e s 2 25, 1 H A A £
RAEATEE . AP GBI B HRAg L) & 29 ()%
itk Sy 2 BE R . wEh Y B s B
ORI B i, — A, B BT 7E
P HCT, AR R A A B B S i Al
Mo N, RS LA e e, IR ] RE S
L ERFREHI, Fril S AR 5% HSYA
FANEARE 4 C R RAIN 37 CIRIR
% . VLI HSYA (W ATy 52 21 FE 5%

JWr 3 AN RIS 1) pH AR i B 26 25140 254
AR, AT 52 M 2400 () i A g A TRt
W, HSYA J& T35l b i 2 R E M, Ak
INEE NI R T EA TR, RIS, 2591
WA A 2 PRI IX P REAE T HSYA & ek
gitl, BIIMRYE, YN RN, U IEAAr
1, NRPESE R, ART W, AHREPESAT K
IR, TS BRI, XA Caco-2
S i (1) 3 S TR AS B T UESE .

B A AN T8 I 52 A0 A e AR A
PRI 250 1) e AR . AN S 4 SR AR B
5T HRATAHEL, IS E NS HSYA iz &)
ToI AR . UiH] HSYA (WA FERE =, DA
Y HCh E

P-gp A2 Zjiif 254 1 (multi-drug resistance

H, B R R ), RIESMHEEER,
i P9 25 g i ds 2 i AR, ok MRP2 T 2
N2 B 5, RS IR iR 248 DA G,
LEZPMPE T R i h i A U, A p-gp AN
MRP [ IEHAG N, PrAASII % % HSYA
X} P-gp 52N, P-gp J& 2 2 2534 5 MDR1 74 (1)
SMEEE, SRS A EH NG 2 AR A
JH o ARG 45 AR B YE R A K g T I MDR1 &R 1)
Fik, AL T MM L P-gp RIRIE, (HIMAZESik
I 5 )5, HSYA (%518 5% 4] Eb i oF e e 25 5,
Uit HSYA 4%ia AN P-gp AN

ASIGHIH Caco-2 40 J 5 ZBIAUXT HSYA 4
SNBSCHLIEA TS, HSYA WSO R A2 &
W 1L AR E AL AR T HSYA I,
HAZREARHFN P-gp HIAMEVE IR 520 o SR 17 44
AN AFAE — E MR BRYE, Caco-2 40 ki 145
W, RZ 5 WA R MR A, DR Tk = /i bz
R )2, HLZ i ik 30 55 R R (P52, i DA
DR ) s A PIL 7/ L AN ML o 1 AR s SATTE L
P SIEES IR &S 25 W SOSUR o HSYA S 7 AT
FEBEE HeAil o

SEHk
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