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Absorption and transportation characteristic of six linear furocoumarins
in a model of Caco-2 cell monolayer in human intestine

LI Su-ning, YANG Xiu-wei
State Key Laboratory of Natural and Biomimetic Drugs, Peking University, Department of Natural Medicines, School
of Pharmaceutical Sciences, Peking University, Beijing 100191, China

Abstract: Objective To study the absorption and transportation characteristic of xanthotoxol (1), xanthotoxin (2), imperatorin (3),
isoimperatorin (4), cnidilin (5), and isopimpinellin (6), which were classified as the linear type furocoumarins, in a model of Caco-2
cell monolayers in human intestinal epithelium. Methods Caco-2 (the human colon adenocarcinoma cell lines) cell monolayer was
used as an intestinal epithelial cell model. The permeability of the six coumarins from apical side (AP side) to basolateral side (BL side)
or from BL side to AP side was evaluated. The concentration of the six coumarins was measured by HPLC coupled with UV detector.
Transportation parameters and permeability coefficients (P,,) Were then calculated, and Py, values were compared with the reported
values for model compounds, Propranolol and Atenolol. Based on the absorption and transportation characteristic of coumarins 1—=6,
and psoralen (7), bergaptol (8), bergaptol-O-B-D-glucopyranoside (9), bergapten (10), nodakenin (11), nodakenetin (12), decuroside V
(13), umbelliferone (14), osthole (15), angelol-A (16), and angelol-B (17) in a model of Caco-2 cell monolayer, the relationship of
absorption and transportation with diversed chemical structures and lipophilicity was reviewed. Results In the Caco-2 cell monolayer
model, the Py, magnitudes of the linear furocoumarins 1—6 were 10~ cm/s in the bi-directional transport, which was identical with
Propranolol. And the permeability of Caco-2 cell monolayer is mainly via passive absorption. Conclusion The above-mentioned
linear furocoumarins 1—6 are well-absorbed compounds. The results show that a significant Sigmoid dependence of permeability on
19 Papp ap—eL and Ig D at pH 7.35 of all 1—17 furocoumarins can be absorbed across intestinal epithelial cells by passive diffusion
mechanism.
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Fig. 1 Chemical structures of compounds 1—17
1 ## Ting ex H. T. Chang®li1 73 85455, HPLC Kl 3L 5t
1.1 #Afm B8 >09%. DMEM #5774 . Hank’s 220

Caco-2 4 ffi ¥k (ATCCHHTB-37) Il [ 3% [H
ATCC (American Type Culture Collection, Rockville,
MD).

12 #mREZEILF

ALY 1~6 B HABAIAN Aegle
marmelos (L.) Correr™, Jiy% Angelica pubescens
Maxim. f. biserrata Shan et Yuan™®., % Angelica
dahurica (Fisch.) Benth. et Hook.f.. i ff >4 19
Angelica gigas Nakai'*, Jzi Notopterygium incisum

(HBSS)\ #2517k B 3% /K . — LA (DMSO)
B A Sigma AF], il (FBS). dEd et
TR B Hyclone A, ¥ LNk 2R (HEPES)
6 BAC TR 2D AT, R AR E AR R
W TREAN], TR BER R W H R 2545 H,
Na,CO3z. D-(+)-#i%#E. £ Pl 2% (EDTA) I
HAL A A A, BB RREE CALP) 7 &
V&) E R R TR, HRE (EalkalD g
H PR, S 20K, 12 FLER K
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WEMEEIZ ML (Transwell) 1 25, 75 om? 40 i 1% 370K
Jt H Corning Costar 24 7] (Cambridge, MA, £[E ),
13 X5

GALAXYB M CO, {45 774 (3 [H RS Biotech
oy Al ), Evom 40 g B FH {% ( World Precision
Instrument, Sarasota, FL, 3&[), XDS—1 3| &
s (EPJOEHAF B AT), GRX—9051B A 7%
SIHEH (LIRS A IR AR, AR
Fe KRR (g e ASHUEE AT FRA D, HZS—H
R KB R 2% (W R T RBCH TR AR IF R
PR, TGL—16C Al mnd & B LML (Fifgees
BEEAXEES ). DIONEX @i i (HPLC)
%4 (Dionex Co., Miinchen, f&[H), {5 DIONEX
P680 742, UVD 170U A£G 2%, Chromeleon Version
6.50 %4 Ab #1443 . Dikma Diamonsil™ Cyg 1% 41
(250 mmX 4.6 mm, 5um), ik Dikma Easy Guard
Cus f£474E (20 mmX4.6 mm); PALLAS 3.3.2.6
ADME/Tox Tl # 4 (CompuDrug Chemistry Ltd.).
2 FHE
2.1 EFIRFZHFRAEH

54 DMEM £ 783 584> DMEM 5 78#i-10
HM1-20. HBSS V-1 h ¥ ¥ - PBS 2% ' %5 W
0.01%EDTA-PBS ¥ Al 0.25%i 8 1 il-PBS ¥l
FRI T LSk 77 vk
2.2 {HREIEFEFOFNIR

e Scik 7 PR R A AR, Caco-2 4 Ak K
FC A% 80%Jn 418, Ji DMEM B IF4i i fd i &
WP Sk 1} 10%mL; [ Transwell [¥Ji 3 (basolateral ,
BL) MIA 1.5 mL 524 DMEM-10 }53a5%, |1 Tt
(apical, AP) A 0.5 mL CL7870VEA 40 i Vi =
W, AN 37 CHHEE CO, A FRAThis%; 4 2
KHe AP il BL 3 (5779, 434 0.5+ 1.5 mL;
o5 3~7 KGR AP S fll BL SIS FR 209k
0.5.1.5 mL; 25 8~17 KA A4 AP b5 777 0.5 mL,
R BL S5 FR 1.5 mL; 25 18 KLU HE K ik
AP i il BL i (5578, 434 051 1.5 mL. 4
B PR ] S SR AN Bk JE R R T, BR S A 1. 3
KA SE e AP Uil 5 923 28 5 RLUE Jik
0 B R R AR AT I K, e e BL
S IR . ST H] Caco-2 4 ARy 42~
58 X
2.3 Caco-2 ffna R 54z 4E Hikla

bR R AT 78 Caco-2 4B 2 A

b 5 RGOS I 1R BH 0SR20 2% s R R
W 1 BH 0 SR 2 BT R v AR (R R e s ik . FE
(1) Caco-2 4tifl, Z3mlfEREFRMIEE 6. 11, 16, 21 K
M HBSS ZZlidedl i )2 2 Ik, &4 1.0
mmol/L. &% 0.5 mmol/L F1 0.5% Triton-100 [1) PBS
RN, Hukir b1 h, 12 000X g &> 10 min,
IS, % Lowry ¥2:llE 25 IRt 4% ALP
AU B BT Caco-2 41l ALP 3ETHIRE,
iE Caco-2 4 g 51 2 se 3 B i iz g

2.4 HPLC &

ZRMEY 1~6 1 HPLC 4341 H Dikma
Diamonsil ™ Cyg (4,34 (250 mmxX4.6 mm, 5pum),
FEIR A =305 BERE R 20 b JahAt ok FEE-7K (80 :
20), HFLE 1 mL/min; SZRGEW 1~4 R
WK 245 nm; ALEW 5 M6 BRI KR 322 nm.
25 ZREEREBEMERR

P B U0 e Th, I S B0 B IR B (150
umol/L) ZiXE U E I EWEM, T 37 CKBHE
PR B4 T vk B KR & i) (180 mind YL E, B
HEARTEE, —20 CUKAAPIRAE 24 h, frabH.
2.6 WU EFINAIRIE

SRR A 6 MR FERMEWH T
DMSO % 10 mmol/L i#%4-3, F HBSS £2f
VRO R A2 S T AL TR o 325 BN 4 it 125 %X FiL BEL > 500
Q fem® ] Caco-2 ZH i )2, M4 S BET, 23 e
20 M R 2 B N 32 ARk AR HBSS % (AP
i 0.5 mL, BL %% 1.5mL), T 37 CIHEIEEK (50
rimin) FEE . 6 N SR BICEAZ IR 1 AR EE
B 4 50 pmol/L (DMSO AR50/ T 0.5%) .« 4%
ST ] AR BL snEk AP SOV, BAAL
S, BEACPAT 3 L. AP SRS 2. BL SGHURES>
T ARSI R s BL dih 2. AP SRR 34T 4
AMRAREE . 2 AP B2 25, 252500 AP BiHiURE 0.40
mL, #3200 BL 55HURE 1.3 mL; 24 BL #i4h 2,
25 PR 2 0 43 0 BURE 0.45 mL. FITECRE T4 125
T, T-20 CUKFEPIRAE, FEkbi.

2.7 FmbE

¥ “2.57, “2.67 TUHITHA T AR M—20 C
VKEEHECH, ISR I R, SRR AT R
B AR 20 min; 7£ 12 000 X g 454 R 5.0 10 min,
B EWEW, % “2.4”7 T HPLC &AF3EAT 20 Ml o
2.8 ZHAIBANIRLE

“2.67 WIFERIL NG, MO ERIZLT
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W, LIA ) HBSS 2 il 3 I, I E 7E-20 C
UKFA TR A RIR AT 24 h JE WA AL J8CE 24 h, Witk
FAFURRl 3 UK, F B 7R S BRI L% Caco-2 4t il
B, e IS R EE-/K (70 0 30) TRAVET, JiE
TR A) JE A A% 30 min, 8 000X g 44 FEL 10
min, HU i, HI75 Caco-2 4 I N 0BT AR, TN
HPLC {GHEAT /#1552 F 7. % 7E Caco-2
AN s 25 N AP b BL i Al
Caco-2 4 il il Ee N 2 F g s el i R m i
ARG R 2 bR B EeR
29 RMEBRH (Pyp) EITEMEELE

AR A Caco-2 4 AR AL H 1) Popp (H 44 24
I Papp=0dQ/dt X 1/AX 1/Co, 3 Q (umol/L)
e RBE R, RS YTEHCE B R
dQ/dt (umol-L s ™) i, Co RILAWIEL T =
IRIEE e, Bk (umolL™hem™): A (em®)
SRR R AN . AR 258 AT 3 FLINE I
i, HXxtsEmr.
3 &R
31 SHRAEREIL

Iy RS EFREAL S 1 (1.9 mg). 2 (2.5 mg).
3(26mg). 4 (26mg). 5 (29mg). 6 (2.3 mg),
FHl DMSO #fi#, FHc % 10 mmol/L 3 S5 1 il 45
R 40 pL il £, s 1 Ikpkdk Caco-2 4i
Ji 24 2 () HBSS AR 2 4 mL, 7840 TRAT 5 Mk X B
20. 50. 100. 200. 300. 400. 500. 600. 800. 1 000
ul, 4370 HBSS 2 &4 1 mL, HIIRE R 2. 5.
10. 20. 30. 40. 50. 60. 80. 100 umol/L 1571
W WG, INHREEZ 2 1 mL, 15000Xg
20 10 min, B BIEW, HEFE 20 pL, d% “2.47 1
FAFIEAT A BT, DAETIT AR AME Cy) A AR,
FEMBEIRIREE (0O BEARRR, 13£EmIA T FE: 1L
&)1 4 y=3.6405x—0.04 (r’=0.999 4, n=3);
&) 2 k3 y=2.707 3x+0.976 7(r*=0.999 1,n=3);
4 3 y=3.738 4 x+2.698 2 (r?=0.999 1,
n=3); th&¥ 4} y=4573 6 x+0.455 2 (r’=
0.999 2, n=3); AW 54 y=6.1525x+2.998 3
(r’=0.999 2, n=3); tL&¥ 6 b y=6.927 9 x+
2.362 2 (r?=0.999 1, n=3). ZPEVEH 4 2.00X
10 3~0.1 mmol/L. 7 “2.4”7 Witai & T, 6 M
GEMRENN (tr) W& 1.
3.2 [EWEIRE

AP 4525, 6 NEERLHIRER N 50

umol/L. #524)5 90 min, 437 HL AP il BL ¥y,
& “2.67 LA “2.77 LUTIEACER, $2 “2.47 Tk
PR HTIE, HEECE, EY 1~6 iR
4351k 80.20%- 98.10%. 70.77%. 87.54%. 116.29%.
89.29%. FR&4) 341, HiAth 5 M-S izt
FEPSEEAR A R A BRSO HAEAn L b, XF
S EE R AT R . TEAGED) 3 I TAS
D R IAE LR B I TR N T A4 3 TR (A A B —
AN, 2T R AR i 75— S E
3.3 E{KAENIFRFNE 2R

P “2.47 WAAEAT AT E, G 1~6
M ARAT IR Cumol) 435124 0.27. 1.09. 3.00.
0.44. 3.70. 2.77; H A& e &R Cumol) 73514 : 0.27,
1.34. 3.65. 0.85. 5.36. 4.06.
34 FBEMIAE

HPLC s s=llE &5 KK, i 6 MZidEy
FEAE HBSS 220 7E 37 C4&MF ki, B8
35 Caco-2 iR RETE M SiIERE

ARSI SAE N, AE Caco-2 405 24570 5 |
U WAL 2 38 1 BH K 24 38 2R IR (1) Pagp fH A
(2.46+0.28) X107 cm/s, FF & CHRIRIGM 2.75 ¥
10°° om/s K 252, e IE PR B 1Rt HE 2 T i
IR Papp {4 (2.3440.09) X107 cmis, 74 3k
A 1.0X107 em/s R4, ek v g
ALP 7P, &I Caco-2 4 A 5¢ 41 A ANREK
fift ALP JEAI0S-AiF JE ORI 3h A o - A LK1y,
7 Caco-2 A A ALP 351 s gl se4si &, ik
%o - T IR R R 2 - LRy, HAT ALP 3%
P, 2R Caco-2 4 i b B FE AT . ASEIG BT H
Caco-2 Z0uk%5E 21 d HA ALP 3&ME, Ui Bl 40 iy
O, T UL RS, AT Caco-2 4i )i
FUZBA RIFEE M. sei s g
36 MUz

M Transwell [¥] AP ¥iE% BL %252, 6 NEF5
L5 E R h 50 umol/L. ¥ E 90 min, 234
NG 2ty RS2t G, AN AP 3 1) BL it AT A BL
i 1) AP 3 (1] Papp {H W3 1o
3.7 EHEBNHFiRE

6 A H R AL 253Ky 50 pmol/L i, AP i
452y, & 30 min HUFE, JLHA 180 min, #EHFEHE
(1318 26 L V] 25 B I (R AR A B 38 RO MALIR Pagp
{E ILPE 3 1 4,
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3.8 KESWRWEEXRZNAR 150 pmol/L K J& 1) e iz i A i 4 WL IET 5 A 6.

fE 6 NEGRTIER 4 Nl
HEATIR B Wi #5125 29T, 10, 25, 50.100.

*1 6NMBEEHRAE Caco-2 MAERIER N EFEITHY Popp ERERERE (n=3)
Table 1 Bilateral P, values of six coumarins in model of Caco-2 cell monolayer and their retention times (n=3)

e 1~4

39 BEER1~17%&#. MEESREXABHAR
WIAWITRE R, IrahaIih 1 MFER (T~

WAEY  Paparos/(X107°ems™)  Payppioap/(X107°cms™)  Pap apoai/Pappeioar 19D (pH 7.35) tr/min
1 2.65+0.14 2.63+0.13 1.01 1.48 4.26
2 3.43+0.24 3.97+0.18 0.86 2.17 4.93
3 2.38+0.07 2.14+0.13 111 3.70 8.27
4 3.43+£0.22 3.44+0.12 1.00 3.70 5.82
5 1.754+0.10 1.224+0.05 143 2.07 9.88
6 1.414+0.01 1.20+0.07 1.18 2.82 11.85
lgD(pH 7.35) : ZIAFF 3 7E pH 7.35 WM 5 R AL
Ig D (pH 7. 35): apparent partition coefficient of test coumarins at pH 7.35

60
%0 et ] B T
LT ! N
_ Syt 2 bk aet P
g P e S 3 ' ‘5"‘*""-=§1
5 P o X T
1) iie .-"1 T 5 6 5 ¥
# s I " <20 PO A ke
20 }:t . T,'JI o " ’._*/_r.. ...... = 3 é ? r P
Vi _-’]:i"""- - g d e
| :f:’,nr‘/;; 7.,,4 o .’,.e—- e 6
0 =T . : 0 . . : :
0 50 100 150 200 0 50 100 150 200
t/min t/min
2 6 MEEEM Caco-2 fifiEEHEE AP ik Z 4 6 NEE R PoppaL-ar [ERERT E 1L 2%
BL imHIFEIEZE (X +s5,n=3) (Xts,n=3)

Fig. 2 Kinetic curve of six coumarins transportion rate Fig. 4 Relationship of P,pp 51 —ap VS tr
in Caco-2 cell monolayer from AP to BL side for six coumarins (x+s,n=3)
(x+s,n=3)

i 80
2 é'._ - __.""‘+
60 A '\ '\_\ H‘m -
A 4 Y 5 607 _ T
£ L N ﬁg .-.?' 2
50 '*}\ébl‘ S 404 S
=] .. ‘.#'q\’ § 3 40 Py ) ,__aIL
X ~, "h_“_‘ & s £ LT
= i~ ~ h:%:n,h‘; M rd _.l'/’-:/l
120 - 5 e !__'.1_'_'_"'5 3 20 - P 3
oo Tmeenld SR~ S o
— - -
0 i i . . 0 iJ" 1
0 50 100 150 200 0 50 100 150
t/min Cl(umol-L ™)

3 6 NEZEH Pappar-eL ERERTEE L L
(x+s,n=3)

Fig. 3 Relationship of Py, ap_gL VS retention time
for six coumarins (x+s,n=3)

El5 4NBIRAEAFRREM AP B BL in Y5 IEER
(x+s,n=3)
Fig. 5 Transportation rate of four coumarins with different
concentrations from AP to BL side (x+s,n=3)
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17) D104 Caco-2 4 o o 2 BT W i i3, 341 b
CATTIRI S R IE AL 3= 2 A 5 Al gl sl 3wk, X LE
B 2 W A I8 7 e AR S FEA 5 1 ) 34k 25
PR, WSEIETE. 1 KANEEAOG . SElatE 2 =
Fir 2R HC R E 1g D (pH 7.35) A Papp ap—aL
(X B xt Ig D (pH 7.35) £, 5K 7,

~ 60 - A2
| -
_‘{’ -'.'"
:
T'C 40 ‘_'b’" .3
S o -1
X e -
ol SA 4
N A ot
® 20 - - .- -~ e :".:_:__,.s '$ 3
l‘ﬂ) _,‘-"’}- /. - :‘7"
® s P
0 T
0 50 100 150
C/(umol-L %)
6 ANBEEEARIKEM BL & AP inHIEEIERE

(x£s,n=3)

Fig. 6 Transportation rate of four coumarins with different
Concentrations from BL to AP side (x+s,n=3)

19 Papp ar—BL

Ig D (pH 7.35)

7 BER 1~ HRK SRR XE
Fig. 7 Relationship of Ig Papy ap—eL Vs Ig D (at pH 7.35)

for coumarins 1—17

4 g

AWFFCIRIT T AEHEmY . FEME 5 KT £
FERRHT R 8- AL S BT #H 32 LSS 18 8 6
AR T 7y & = R A WA N Caco-2 4H
BRI R R AR o IR IS AN AP AL I 4
T, 6 DNETEN Papp [HEAE 10° cmis $k %,
G RH X 200 25 3% R LA ] ) 7 L e kg W A R G
K4k AP R SCHRARE PRy T A T A A (1
FURMCSO . FeEE 2R SRR 28 > fEheg
My BRATEH 2 > 8- FAA L R ERAT 2. T %

AWz Caco-2 4 2N F 22 0y 1R Itk
SRAKPERL K G5 1 R /N IR 250 M0, AEARCEE L AE A
BEFR /DAL, TR 28 3G BRI HH 25 00 fi ik
B, BTCLEAIR I sk, OB A . SRR
HH 2 5 W EH AT 23 7 i K/ MHEE, AAH R
IAREE, (BFERZ ERERA B AN, Frln fe A
hy 7 ) S5 IR DG 2R, S BRI A 25 1R I s e 0 3L
8- FH AU S WK I 1 35 LU S R 35 2 — AN FR AU,
PR, R

6 NS E B E YA LIS ) Papp fHLLE
£ 0.8~1.5, &R EAIMBISCASNREE AT, W]
HEMEATIE Caco-2 4 FUAEIY i (1 IR A 28 A 2
225, ML RV G FEAE Caco-2 4 AR (¥ 4%
ISR g BN Al B A g sh s .

TES WG -is R K, 6 MLEWTE
120 min J5 % HIL T IR EMT R, K& H
TRl W IS I TR 0 25 R W& L, Caco-2
0 L o 22 P (0 5 2 ANk s, A DAV BB
BN 1B A P .

M 3 F1 4 m[UEH, 6 MEEERUEWLE
I ) B T3 ZE T Papp (MU 2 AEBTE 2R 7 BK
T H 28 > TERURE Iy > 8- FF AR e R i #H 22 > BRI i
B>, S R R S P e 1 & R
A—F WD feHEE R REATHEM Papp
AL 5 o 2 B BT 1) D08 77 2 /N A, SR e AT
S TR B M AKX Gl mT RE R N AE #5158 ]
1, Caco-2 45 J2 Pk & Wk B 22 S 30K
B A I TR R, A S s RN, AT
OB R A0 173 58 2 RAEAG, A1k AR FEE R Mg )y (1 5
B RS o IX AN G5 IR AT LA W] 2 1A R 20
T Eh Y LB TS I . TTRKETEH 38 8-F4R
J S KT 28 P S 10 7 2R 1K) Pagp BB AR BN, #e
BRI, WU e S R AR R AR
o BN FEIS TR ZAR IS, )R B 22 1R AR 4k IR
AN, B LMATy ] A W R 3 303

16 6 N DR P EEI T 4 MU g L
R T IR B 5RO 12 R R A, RILEA 1R
WREERE N, WRBCRI A e B SRS I, A
PRI G . HE—DAUF X 4 AN SRR 3% i
J AR I B BN T, s 7 AON IR FEBR LK
BB 1

M7 g5 mr LA, Ig D {EM-1.0~4.0 i,
FER 1~17 (119 Papp ap-sL 9 19 D B WFH ) S B
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