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Effect of furan coumarins from Angelica Dahuricae Radix on intestinal transport
absorption of puerarin, paeoniflorin, and vincristine

LIANG Xin-Li, ZHU Meng-liang, ZHAO Guo-wei, LUO Yun, ZHANG Jing, LI Zhe, LIAO Zheng-gen
Key Laboratory of Modern Preparation of TCM, Ministry of Education, Jiangxi University of TCM, Nanchang 330004, China

Abstract: Objective To investigate the influence of furan coumarins from Angelicae Dahuricae Radix on intestinal absorption of
puerarin, paeoniflorin, and vincristine, and to explore the influence law of furan coumarins on the intestinal absorption of the drugs
with different structures. Methods The apparent permeability coefficient (P,,,) of drugs across the Caco-2 cell monolayers as
evaluated index and Caco-2 cell model was used to study the absorption effects of furan coumarins (imperatorin, isoimperatorin,
bergapten, and oxypeucedanin) on the transport of puerarin, paeoniflorin, and vincristine across Caco-2 cell monolayers. Results
There are different effects of the four coumarins on puerarin, paeoniflorin, and vincristine. For imperatorin, isoimperatorin, and
oxypeucedanin could improve the transport of puerarin on Caco-2 cell significantly (P < 0.05, 0.01), while bergapten has no effect on
the transport of puerarin across Caco-2 cell monolayers. For imperatorin and bergapten have no effect on the transport of paeoniflorin:
However isoimperatorin and oxypeucedanin could significantly inhibit the transport of paeoniflorin across Caco-2 cell monolayers (P <
0.05, 0.01). Iperatorin, isoimperatorin, and oxypeucedanin could improve the transport of vincristine across Caco-2 cell monolayers
significantly (P < 0.05, 0.01), but bergapten could significantly restrain the transport of vincristine across Caco-2 cell monolayers (P <
0.05). Conclusion Different furan coumarins have different effects on the intestinal transport of the same medicine. Although the
structures all are the furan type, the influence shows the opposite effect on drug transport. The same furan coumarin combined with
different drugs have the different influences on the intestinal transport of compatibility drugs.
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FHZ N E R Puerariae Lobatae Radix H 1) 3=
ARUKSY, BHAY KK Bk, B
o diBOE BRI S 2 Rl E e T,
PR E 3 T TYRT7 DS M ik FE45 2 i, 5
WRFEAMER T K, NG HIRADIR H BRI
K& Bkl (Apocynaceae) YK AL
Catharanthi Herba "1 A7 & p 7, %/ i Ridgeway
JH IR Mecca k2 AR X-5563 i #ESR . AT
FEAl bk (SMMC-7720) I BMPuEEH, K&
B RN TR 2, RIS 22, IRAE
PRI AR, 52515 B ERE (Ranumculaceae)
F17j Paeoniae Radix Alba [f) 3= EAT %85, FEIIR
R TRIT RGBT A T4 L B AR 251,
BT R A 25 P R A e 2B, (11 Angelicae
Dahuricae Radix 2 3 [ K% H o 2584 ifp 2z —,
HA R XBE. k. IR, A
2 I AR 9 4 SRR I T R A TR 2R A T DA
BERCAR 259 b AT RO A i, H AR
G PRl AR o B A AR R WA R . A
B DL AR B KB AT 25 H AT 254,
FCE TR A O R BRATE 2 . 57 KT
. TIPS S T 2O AR IR 2 A ) 5
W, 5 LR AR 25 v T 4 o A o

Caco-2 4fi i 5 272 F 1 2459 ) o3k
R SRR T, Sk T 55 3 11 40 M
R — . ASeG 8t 3 7 Caco-2 40 i 2R A, )
W52 4 AR A W3 SN 0 AR 2 )i i
Caco-2 4 Hu i R AR 4k, RIS ELAAR 7 X A [
OB Y% 7B R =S e A S
1w
11 Zm5iRH

Caco-2 il a5 B 1 By B 40 1 28 s Hyclone
FrE DMEM 15953 Gibeo b ifidi (FEER K1
INEY AT AT IR A WD JE R TR R (fE [
Sigma A #)); 0.25% EDTA-JEE [l (Gibco); 7
75 2% -4 % 2 . HBSS Balanced Salt Mixture. —FiJ&
AR (DMSO) ¥ HAbL Rk FEARAF .

1.2 1=

Forma311l ALK 74 (Thermo A #]);
TS100-F f8]'& B 5Ei (Nikon 227 ); HHS B HE
wAK A CRBERINEA R A FD: TDZ4A-WS
RE SR E LN (KPR OHERAFD;: &
A HEOHL (G Sigma A F)); QYC-Z00 {1

FEIK (HIAR IS W A A R AF]D; Agilent 1200
e RO E A CLAEAR R PR A 71D SW-CJ-2F
BN R TAES (RN S EH IR A FD;
Millicell-ERS HiPHAY (£ Millipore A F]) .

2 FE

2.1 Caco-2 {ifi 2 R4ETHE R By L

Caco-2 At T-75 B30 h, RiRmih
FHE DMEM (54 4.5 g/L D-1 250, AN A
D, IO 1%IERF2ER . 1% L-A 2B,
100 U/mL 7% . 100 pg/mL 55552 . 10%Ji54- 1ML
o 16 37 'C. % 5% CO, BEFestirhiEgE, Mnhe
JE 4 95%. 4 80% A A+ (¥4 Mo i 41 B 5 T
FELM NI, T HBSS WS VES, T 0.05%)8:
BiE-EDTA JH A4, 110 22 40 Mo TR 4a 04 s 7 B
NOBHEERT TR A A, WA, N0 L
1 000 r/min &0 3 min, 32 BIGW. IMAHTEER:
IR, TTANIRE, SRR AR B S AT UL
{f Caco-2 41 8 X 10* ANmL. 7 Transwell
MM FEm T, Tisg CAPY AN 0.5 mL 40 i
T, S (BL) N 1.5 mL Frif 40 fss 72,
SERUE N AR AR Th R 21 d, FESE 1 A,
W R, S 2 JEIFaR, RRR¥, (E5 21 K
i, REATREATAH DG IE S5
22 AIEBEZEEMMMERE. FHGH. KEH
ke znf=Al0)

FEIE “2.17 TR Caco-2 4l it 2 4k is iy
RIS 77k, K597 21 d )&, 52 Transwell 4 ff 1%
FEILAES B BH, 05 NI A BHL, - EC#S i F BHL
{EA/INT 500 Q-om?® FI40 i ] T 4538 5286

¥ Transwell 4f L5 7= LA R P 03E IR
BRI, M 37 CHHE HBSS i, 53k 2 i,
SR 43 IAE AP AT BL Ul 0.5 mL 1 1.5 mL ¥
HBSS ¥, e fuss I AL 30 min. W#4L)S,
Fr2: AP AN BL Iff HBSS W, H7E AP N
0.5 mL £ & 24 W), /5 BL N 1.5 mL 1)
T HBSS W, gl G S iR R 2h, 2h )5
43 I4E BLAWHUEE 0.5 mL F- 20 b, FF b
PLL o LR, WEd~], 16 000 r/min &5.0 20
min LA . HPLC Y20 AR s 23 i
2.3 FNA D S
231 EREOWELAE (@i F% Phenomenex
Gemini Cyg-110A £ (250 mm X 4.6 mm, 5um), i
A CHE-0.1% R (15 © 85), ZERFuRM, WK
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29250 nm, i 30 C, AR E 1 mL/min, BEFE
18 20 plo

232 B KEHM O &M ma s
Phenomenex Gemini Cig-110A £ (250 mm X 4.6
mm, 5 um), FiaNAH A H1EE-10 mmol/L L% (90 :

10), Z5EREVEME, FE 30 C, B R 0.5 mL/min,
MR 10 pL.

2.3.3 MBRKAEHWMITUESM B ESI BT
AN IEE 7 B IR 4 000 Vs BAIEH
P HR-130 V; T 350 Cs T AR =
10 L/min; ZFALIEFE 425 C; W% 2%k 1) 310.3 kPa
(45.0 psi); ZEIRMHA] 200 ms; ARk 22 [
WE (MRMD; BB T ARBKER (m/z
847.4),

234 A4t @ik Phenomenex
Gemini Cyg-110A # (250 mm X 4.6 mm, 5pum), i
B1AH R £ Ji-0.05 mol/L iR — &4 (pH 2.5) (35 :

65), VLM, WKk 345 nm, AR 35 C, 1A
AR 1 mL/min, #EFEE 20 pl.

2.4 BUESH
KRBT R I (Pagp) TR I ot o
Papp = (dQ/dt)/(A X Cp)
Q W ERFIE R, REMAWIEZRENEE (ng), dQ/dt
HEGEHE (pgls); A NEHEEIEIKERM (0.6 cm?), C
AL A TRR B (ng/mL)
KA SPSS 11.5 #AFHEAT Gevh o0, Hud LA
X +s Ko, SN GERH RRZE T Z550HT
3 #R
31 AMKRIEEZREND M ERRIEFIEHEINT
RRETHAZE . SRRATIAE . SRR, T
PR AN [ o R 2 4 ) 5 B AR 3 R Tt -4k
H6; Caco-2 4 )RR 45 R PRI 11 ik
FE) BEAAEHT, $% “2.27 TR Ik 2 AR E &
SRR B FE T Caco-2 FLZ 4 fF 54, 4
B 1. SERRRKETAE . RKETHE. Al
AR AR F (R SR FiE L Caco-2 240
[EIE , T RN B AR F i 1 Caco-2 241
(1) TC B 25 .

F1 BRAI#AER. RERAAER. SUAAR. BFHRENERERET Caco-2 MIFFIZHRIT (x+s,n=23)
Table 1 Effects of imperatorin, isoimperatorin, bergapten, and oxypeucedanin on transport of puerarin across Caco-2 cell

monolayers (x +s,n=3)

5 pllpgmL™)  Pyy/(X10°cms™) 21 5 pl(ug'mL™ Pap/(X107° cm-s™)

PSS 144.40 8.35+0.98 IR AT 148.38+10.08 11.43+1.56"

TR RCET A & 144.404-9.92 11.82+1.21" 148.38+ 5.04 12.47+2.68"
144.40+4.96 12.23+1.43" 148.38+ 2.52 12.69+1.02"
144.40+-2.48 14.43+1.51" 148.38+ 1.26 15.99+2.46"
144.40+1.24 14.29+8.91" AR+ FATANEE  144.40+5.100 0 10.15+1.63

FIRFE A+ RRCETAEE 148.38+5.02 11.44+1.27" 144.40+2.550 0 10.02+1.17
148.38+2.51 9.99+1.12 144.40+1.2750 10.2240.67
148.38+1.26 10.79+1.08 144.40+0.637 5 6.90+1.85
148.38+0.63 10.82+2.45

LWL "P<0.05 TP<0.01
“P<0.05 “P<0.01vs puerarin group

32 AMKMEZREND M AERIEHENT
BRATHAZE . SERRATHAZ . SAbarii . T
P BRAN [ ST R B 23 ) S AT 2 AL, $%2.27
T J7: 50 0 25 88N R o AT 2573 i Caco-2
FUZA RN, RIE 2 (RNEAEE R R
AR AT 2570 A IR IS8, Dk, 40 i Fa B
B LA A 5 T 1) 52 1) R 25 5 BU0E IRAT 2 R TR 4L
(1) Papp ARAHID . &5 FRBERATHZE . HTAHN

B AT 2515 i 1 Caco-2 HLJZ 4N MU 18 Torm, 1
SRR 2 L AT A 25 1B L Caco-2 )2
1 (1 2 18 HI T W S R E
33 AMKBESZEND N KEFRILIEZHFNT
RRETHAZE . SRRATHA . AL . T
P T A TR o S 94 B 4l 5 KA B L AR A T, 3%
“2.27 THUN 7Sy P BEAN R A b KA B Tk
Caco-2 HLZ4I MM, iR N%K 3 (HHAED
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*2 WAHAR. FRATAR. SLATAR. SFHABXNAHEED Caco-2 MAFEMFI (x+s5,n=3)

Table 2 Effects of imperatorin, isoimperatorin, oxypeucedanin, and bergapten on transport of paeoniflorin across Caco-2 cell

monolayers (x +s ,n=3)

415 pllugmL™)  Pg/(X10°cms™) 4 5 pllugmL™)  Pa/(X10° cms™)
SERE 196.6 1.46+0.10 AJUEF 196.6 1.60+0.15
AJH A+ BT 196.6+10.90 1.47+0.02 AJPiE AR 196.6+26.80 1.46+0.05
196.6+ 4.86 1.53+0.05 196.6+ 5.36 1.44+0.10"
196.6+ 1.09 1.51+0.10 196.6+ 1.34 1.27+0.07"
SERE 196.6 1.62+0.01 AJEEF 196.6 1.56+0.01
AT+ R RKHT 196.6+12.350  1.49+0.03" AT+ T EE 196.6+11.80 1.51+0.03
196.6+ 4940  1.55+0.01" 196.6+ 4.72 1.52+0.05
196.6+ 1.235  1.5540.05 196.6+ 1.18 1.53+0.05

AT 4IRS "P<<0.05

~P<0.01

"P<0.05 P <0.01vs paeoniflorin group

*3 AR, REATAR. EUAIAR. BFHABEXKENBEIED Caco-2 MBS (x+s,n=3)

Table 3 Effects of imperatorin, isoimperatorin, oxypeucedanin, and bergapten on transport of vincristine across Caco-2 cell

monolayers (x +s ,n=3)

415 pllugmL™)  Pa/(X10°cms™) #5 pllugmL™)  Pa/(X10 ¢ cms™)
KARH 244.1 1.10+0.17 KA B 244.1 0.49+0.17
KB A W 2% 244.1+12.15 1.23+0.23 KB+ 4AACHTZR  244.1+26.80 0.59+0.14
2441+ 4.86 1.4940.37 2441+ 536 0.85+0.18"
2441+ 122 2.024+0.46" 2441+ 134 0.69+0.05
KARH 244.1 1.474+0.21 KA B 244.1 1.05+0.17
KED A eBRETEHE 244.1+12.35 1.71+0.44 KEH+ HFAHIEE  244.1+11.80 0.66+0.13"
2441+ 4.94 2.3440.21" 2441+ 472 0.85+0.22
2441+ 1.24 2.4540.42" 2441+ 1.18 1.024-0.05

LR P<0.05 TP<0.01
“P<0.05 “P<0.01 vs vincristine group

O AR AT — DO 52, A, 4l
A4 L BEL B EC At 25 D T PR 52 10 IR 3% 3 SRR IR AR
HTROGS HEZL ) Papy AR o &5 AR W WICHIT 9 5%
SERCHTII R AU AT ] 2 e S e i KA B il 1L
Caco-2 24z, M THf BRI R A 225
KA B E It Caco-2 L2 4 it 18 A o
4 g

G IRCALAE A b 2 A S, 2
AL RS PR E ] . FIE-3% . HIE-ER
-~ 2R o W T2, BT e 4 R
TR E RN AT R, 1tk 2
Fle oy DA BRI 22 o ARSI rh 3 Bl
290 DA AR AL &1, B AR TEA
[RIRI 7 &L M R 2535 Caco-2 R
A HE (R o

WA R K], BRATEHZE . FRERATI A . A
AR B R & KA, i T
H PO B R R S D AP E R, 4 AR
A S A . KAHiZ S Caco-2 4 Hutsizy
[ Ia s AR . WRETEAZR . T N ERRTAT 2
Tzt Caco-2 HUZA IS TC M, 1M S KT
. AMHTHZE AT 25171 Caco-2 =4 M4
TS HIFI N O I o A A L PR T e T B
UFJUAN T (D) BARE . KEH. ~j241 3
T A S WSO LRI AN [R]85 AR 22 il i i LI 1)
RN, EAR RO AN A S, T
KR W 10 5 32 L O IR 2 K R T 1 %
BRREE A (P-gp) AMNHERISEm; AT 2 ) 32
DA B, R 2 T e A
HEMRIERAMEIER, 2 HE A28
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