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[ Abstract ] Objective: Transport behaviors of rhein and emodin in Rhei Radix et Rhizoma and
higenamine in Aconiti Lateralis Radix Praeparata were studied on Caco-2 cell model, and the change of transport
behaviors after the compatibility of rhein, emodin with higenamine was inspected. Method: HPLC was used to

) and

cumulative transport amounts were calculated. So as to investigate the bi-directional transport behavior of rhein,

analyzed the concentration of rhein, emodin and higenamine, then apparent permeability coefficients (P,
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emodin and higenamine on Caco-2 cell, as well as the change of the transport behaviors of emodin and rhein.

Result. P

up Of higenamine with different concentrations was >1 x 107 em+s~", the ratio of permeability in the

basolateral to apical direction was about 1.5 times that of the apical to basolateral direction. The transport amount
of higenamine was significantly (P <0.05) increase in the presence of rhein and emodin. Whereas the transport
amount of rhein and emodin was significantly (P <0.05) decrease in the presence of higenamine. Conclusion :
Higenamine can be mediumly absorbed on the Caco-2 monolayer model by a passive transportation. Rhein and

emodin can promote the intestinal absorption of higenamine, but higenamine can inhibit the intestinal absorption of

rhein and emodin.
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Scientific A ) ) ,SW-CJ-2FD #3t% TAE & (30 N %
R ARG R A ), AE2000 K94 2% {8 B 5 fo
(Motic 2y ] ) ,3460 B Transwell 3535 # ( € [E Costar
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6.25 wmol-L™", HUfik#r il 1 A1 Il B 45 5 W 1324
BRI R B R vk E 141 4 100 pumol - L1 F) 25 %6 98 i, OF:
W W RS = & Wk E ¥ Ch 50, 25, 12.5,
6.25 wmol - L™ (25X A W o HUHE & W TR 6% 4 W I
RS 25 B L 28R K B KW 100 wmol - L™
(0 25 X6 5 W, JT A B A% — MR B 38 Oy 50,25,
12.5,6.25 pmol - L ™" {1 25 4 ¥ W . BUH% 45 & IV 3&
5, JH HBSS i B4 20 wmol - L™" 1,8- 5 H BRIA
Wi, WUfk AWV ik B, H HBSS i B8 45 20 pmol - L7
XiF 2 Tk 52k TR VS AR
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1 WG AR R 265 B Bh 59 1% DMSO, %if FE 41
25 [ HBSS, B 1 FR 48 TAEH 4 h, 35 K25 &1L
A 0.5 g-L™" MTT % 20 pl, B 55 324 09 146
4 h, FF L MTT, it A DMSO 150 wL, % fif % %%
o, MTT-H 25 &, 37 B & B b5 40 F 570 nm &b i
SEWIECE A B A1 6 1L
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iz SCYGHTSe A 37 C#Y HBSS 35 k4 4L 3 1k,
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25 FE o WFE RIS, 43 551 ) 5 L1 B A C AP ) il o
AHESE R 25,12.5,6.25 pmol - L™ 25 F 1% 25 i 7%
W 0.5 mL, FLJE A (BL) it A HBSS 1.5 mL, ¥ F
37 °C fH & #& K, 43 %1 F 30, 60,90, 120, 150,
180 minfy BL JCFE 0.5 mL, Jf 75 HORE M #b fin [7) i 25
F HBSS 0.5 mL, 54 HERT, 435 a1 £ FL BL mA
W BE R 25,12.5,6. 25 pumol + L' i 25 F 12 24 145 Wik
1.5 mL,AP fill A HBSS 0.5 mL, & F 37 °C {6 5% K
B, 43T 30,60,90,120,150,180 min f AP HUkE
0.25 mL, Jf 7& B & M % fin [ & =5 [ HBSS
0.25 mL'"' AR FAT 3 AL, BE S A% 2.3 100 R ik
IR, T4 CIRAE BT o
2.7.2 KW SZ55E 101 B RE R CKERIE M
BT RASE Al AL AP i1 1 AR K B R -
KWL 256 KRER-LEW S 2550R 525 0.5 mL,
BL it HBSS 1.5 mL,® T 37 ClHE&EES, 00T
30,60,90,120,150,180 min /5 iy BL Bt 0. 5 mL
155317
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2.8.1 K¥#HE KW Caco-2 Y fEHEA I A FE
& WEFE M, 43 45 FL AP A 25 pmol - L7
KEER KEMEFEW 0.5 mL,BL it A HBSS 1.5 mL,
BT 37 CHEIREEIR S, 535 F 30,60,90,120,150,
180 min ff BL HUKE 0.5 mL, I 78 BUREOU#R i 7] i 25
I HBSS 0.5 mL, #3554 HERT, 4351 ] £ L BL jim A
25 pmol - L™ R FE KB 1.5 mL, AP fil A
HBSS 0.5 mL, & T 37 CHHIRZEE S, 209 T 30,
60,90,120,150,180 min H AP HUAE 0.25 mL, I 7¢
HUREOURR Jn W] 3 25 1 HBSS 0. 25 mL, #4347 .
2.8.2 RHEHE KEMR 1: 1 ELLH S5 )5 i
BATRWESE Al 45 AL AP K E R- B 52
Bl K R - H 2R A 25 0.25 mL, BL Jil
HBSS 1.5 mL, & F 37 CHE&#E K+, 7% F 30,
60,90,120, 150,180 min fy BL HUFE 0.5 mL #f 47
53T o
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o= (Ayun — Appn )/ (Ayyn = Aspg ) x 100% 3t
Ho P, MRS RS % SCEk(13 ],
3 #£R
3.1 g R KW G2 Ok B e
9.2 min, 2k PEJEH 0. 78 ~50 pwmol-L ™" 45 [a] 4 J7 7%
Y=12.873X +0.052 6 (R* =0.999); & & F [
0.2 wmol-L™" 5 b A% 3 A~k BE 6 WA i H Py
K525 B RSD 4> Bk 0.4% ,0.6% F 2.5% ; % 4
3dmyH A% RSD 430l 4.9% , 8.9% FiI
7.9% HERR AL 5% 2 N KB R AR B2 I E)
7.1 min, ZEPEJEH 0. 78 ~50 pwmol- L~ 45 [a] I J7 7%
Y=11.016X-0.042 8 (R> =0.999); & & F IR
0.2 wmol-L™" 5 b A% 3 ANV BE 6 U i 4G 2%
B RSD 43538 5% ,1. 4% F10. 9% ;3% 4% 3 d (9 H b
5% )% RSD 409 7.3% ,4. 7% F1 2. 5% ; 1110 )&
WITE 5% Z N . KER R EEE Y 10. 6 min, &1
i 0.78 ~ 50 wmol - L™', 5 [0l 9 J7 & Y =
17.084X + 0.193 9 (R* = 0.999), & & F [§
0.2 wmol-L™" 5, v A% 3 AN vk BE 6 W 0 4G 2%
BE RSD 43514 3. 2% ,0.3% F10.2% ;%423 d (9 H
[B]HG %5 BF RSD 43 %4 8.8% ,3.0% F1 1. 8% ; Ui
FESITE +5% 2N .
3.2 Caco-2 HLZMMBI R EE Y 5IFM R EFK
R, 25 I HLBHAE 2 210 Q, & fLE FHAE 4 > 800 Q.
R 25 /K P, =20. 11 x 10 °em-s™ ', 5 F=
F{H 10 x 10 ™ em-s ™", 3 B 40 i 00 2 8 B VE AT A 52
sk,
3.3 KW Zhe KRB R R N H LB & 4
WeFETI IR 25 2Bl O 100 wmol - LB A
N Caco-2 40 I WA 15 R 95.9% ; K ¥E MR W N
25 ;Lmol-L”Eﬂ’, A R Caco-2 4H M3 M) £ & %R
101. 6% ; F# Z ¥ Bk 25 wmol - L™ "B, A ¥ Caco-2
0 M 00 A7 5 22 101. 8% 5 KXW S 2508 5 KRB iR ¥4
25 wmol-L ™" Fg {IL B A B Caco-2 40 Hfl 1y £F 1% &
96. 7% ;2 W 1 241 15 A B K W BE 35 H25 pmol - L™
BCATLES AR B Caco-2 MY AF % % 101. 1% . LR
R 40 I TE 1% R > 95% , 38 B It N 24 49 ik o
20 i 1) 348 K TC B 2 ), 2 7 T A R R S R P
T Caco-2 FfJ2 241 A5 70 1) 15 1 5
3.4 EH BZHHEAE Caco-2 4 Ui (#5435 A
WP R [A] 5 ) 25 F S 25 Bl AR Caco-2 411 1) BB AR
R e 1,2,P, R T, 11 Bl
KER KERGEHEREZEM P, WEK2, 4
BRER BB MEZ P, Y >1 x10 Tem-s ™',
4.

UL AR5 b, 7 180 min [ 25 Ve JE B0 77 I
B9 0T 8800, S04 15 M L (8 B2 1.5 Ak
R KRR, 25 T L 25 B S B R LT
$,2.5~3.0 h 1y L AT BB HERE R (P <0.05)
WAL 2 5 25000 P, 585 B (P <0.05)

10] —— 625 l.unol-L'1
—w—12.5 pmol . L™
81 —e—25umol.L"

6

ER#EE/ nmol
>

0.5 1 1.5 2 25 30
t/h
Bl FARREEZFSHE AP-BL RRHZEMMEMNELFR
(xxs,n=3)
Fig.1 Changes of cumulative transport amount of higenamine with

different concentrations in AP—BL side over time(x +s,n=3)

15 . —=—25 umol-L'1

—w125 umol-L'l
] —#— 6.25 pmol . L’
£ wop
]
19
& s
&
BR

0

0.5 1 15 2 25 30
t/h

B2 AEREEZFSHHE BL-AP ZRZZEMMNEMNELERL
(xxs,n=3)
Fig.2 Changes of cumulative transport amount of higenamine with

different concentrations in BL— AP side over time(x +s,n =3)

x1 TRAREEZRESHHENAKEHNRASER (1 £5,n=3)
Table 1 P

app Of higenamine with different concentrations in

bi-directional transport (x £s,n=3)

e P,.(AP>BL) P,,(BL—AP) P, (BL—AP)
/p#mol'L’l Jemes ™! Jemes ™! /Pdpp<AP—’BL)
25.00  (0.26£0.01) x10 =% (0.34 £0.04) x10 ~° 1.31
12.50  (0.28 +0.06) x10~° (0.38 +0.08) x10~° 1.38
6.25  (0.10£0.01) x10~° (0.13 £0.01) x10~° 1.31

3.5 KEMR.K#E XA Caco2 40 M1 M rp 1 5 3z
oL RERRAIE I 0 BRIz 5 R o fh £ P 52
U 1 R AR s & WL 3, KR AP—BL P, =
(0.27+£0) x10™° em-s™' ,BL—AP iy P, = (0.34 =
0.08) x10™" em=s ™", HAH Ky 1.30, 4% 1: 1 LB EC AR 2
oy 2508 f5 it KRB P, =(0.13 £0) x

10 em=s ™' BRI R E A P, 1
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®2 BEREWNEEFESHHE AP BLHRERREEEMRWEERB (v £5,n=3)

Table 2 Cumulative transport amounts and P,,, of higenamine in AP—BL side before and after compatibility (x +s,n=3)

R 8 B /nmol
205 Pum,/cm-s’l
0.5h 1h 1.5 h 2 h 2.5 h 3 h
25 13 25 Tk 2.49+0.88 4.39+0.68 5.38+0.51 6.42+0.60 7.37+0.19 7.94+0.27 (0.26+0.01) x10~°

L - KRR (1:1) 2.80+£1.41 5.35+1.02 6.84+0.88 8.03+1.10 8.87+0.51" 9.83 +£0.84" (0.33+0.03) x10~°V
FH - (1) 2.76 £1.61 5.50+1.10 7.39+2.15 8.93+1.24 9.20+0.90’ 10.70 £0.64" (0.35 +0.02) x10~°V
T J Ly 2 K B AR E IR W I 25 pumol - L' (3 ) o 5 W B 2Rl e P <0.05,

BT R EH 2T K R BL—AP Y P, =(0.20 £0.08) x 10 ° cm-s ™', i
Moo RERAF R BRI 3, S50 LE P 2555 AR 2 8 &K, fdm % B 5 25 65
K#FAP-BLEY P, =(0.13£0.01) x10™° em+s™', CEIE PN 01T e

RI XER AEZEFAANEIANRNBEERAER-ZFEAREIEAN RN AERINEER (v £5,n=3)

Table 3 Cumulative transport amounts of rhein and emodin at different time points and cumulative transport amounts of higenamine at

different time points after compatibility with rhein(x +s,n =3) nmol
25 53 77 1] 0.5h 1h 1.5h 2 h 2.5h 3 h
K& AP—BL 2.71 +0.08 4.71 £0. 46 5.74 +0.30 6.47 0. 82 7.42£0.41  8.01£0.24
BL—AP 2.30 £0.26 4.00 £0.72 5.56 1. 06 7.13 +1.43 8.70 £1.82  10.40 +2.32
KHEM-L S (1:1) AP—BL 1.09 £0.68" 2.20+0.36" 2.80x0.24" 3.25+0.38" 3.57+0.16" 3.96 £0.20"
N AP—BL 1.09 0. 10 1.73 £0.13 2.4£0.19 3.07 £0.26 3.37+0.28  3.92+0.33
BL—AP 1.08 +0. 09 1.99 +0. 20 3.27 0. 40 4.20 +0. 40 5.19+0.36  6.11 +0.33

5 RS A P <0. 05,

4 itig W 25l i1 5E . H ARG, 8 H Caco-2 41 g ) 1K 245
Caco-2 KR T AWML AR A, b TR WyRloft 5 & B w, — & LL P, M 4G5, P, <1 x
S KRR AR S N b R ARA AL BT TR 107 emes T 2RI R O ~ 20% , R 25 W E L
SEGH o T I W B B 5T . T Caco-2 ANMEMFSE W1 x10 emes T <P, <1 x107° em-s™' ZH K
MR TR G W) RE PR XS AR, AR SR R 20% ~ T0% , KR W Wb S P, > 1 x
FHZ M MTT 5 PR 50 06 2 7 2590 19 22 2 ik B 10 em-s ™", 2GR 70% ~100% , %R 25910
Pl B BT 222 4 e 8 Y T DA A vk B T S8 5 WA, AP SRR LR L6 P, 71 x
RGN AT CREE DR R B FHE A 1077 <1 x10°  em-s™ ", & 1 WU 2 09 259, i
266 RIS X ASCT U O 0 RIS M P, (BL—AP) > P, (AP—BL) , B HI 3L % 32 1
XTHY 59 1 FIERE— 2. SR A BAEX 59 FWBBAFETT PEZ S H P, (BL—AP) /P,
FHlh, KRE-ME PRGN 11 B9 24 &, 05 (AP—BL) #23F 1. 5, 48 5% 2 B 1 25 5 i e i oy =% 32
A1% s APV ABEU 1L HBIst moppishibic (AN ER AW RES 5 T H g,
SEARRS SR LG (X T — 20 R B iR R KR L P, RO, B K
EIBORTEE B 25 %, B X IR R AEAE LA B R E et 2R . K ST
FEOOE A - E A i B X — PR 2 RBOTIE WIS T TR B R R A, BH R B 23 o I R 3
FHPERT ks 25 B2 L 250 i m PEE 4207 TP IR B -M 2 R - R B R 1% 1 ( cGMP) 2 55 B RE AR TC 0
Pkl £ . Rt 8 o R 8 S A A2 B S ok AW AR A WFIEIE S 220 2558 R AU Xt M
A RS AL LB R 1 1 ZRE TREEN, HEA®.OER, 4 EHE ., AR5
MBI T 2 S 2 AE Caco2 ANME 5 N I B KB 7 THT S K B VA T B R 4 i
AR AR T SCRRBT 9T 2 B 2 e A X A T—EMNLRSHME
JiL b 0 R A S R O, OAR SCRR T 3 AN MR EE I & KREMR KERLMETF BA4WG, R iE &
5
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Ml KB R R R KRR, K5+
Te AT 1 96 7 28 B Bk A, 2 ke 78 K 2 S U A 245
A B LV R ROVE T, R R 28k, — R
B T DU B S R o WA SR R R
TR, T R O B TE R O W B A IFE T T
Yo T ASHESE % BB T r A 55 Y 24 1 AT A K
MR K B 25 7 I W, 405 4 2 T 22 25 6T LA YA 97 B
M, HE— 25 B T BT B IO AL YA 7 ) {8 A o 2
8 b 25 B R AEAE AT, O W 3 EATLYA 7 PR i
b B4 1 PR IS FH BRI T 1 9 0 TR
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