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[ Abstract | Objective: To study absorption and transport characteristics of effective components from
Isatidis Radix in Caco-2 cell. Method: Safety of drug candidates from Isatidis Radix was evaluated by establishing
absorption and transport model of Caco-2 cells, which were qualified beforehand with three indexes including trans-
epithelial electrical resistance ( TEER ), alkaline phosphatase activity and permeability of sodium fluorescein.
Several influential factors for absorption and transport process of effective components from Isatidis Radix had been
investigated, such as concentration, time, temperature, pH value and inhibitors. HPLC was set up for
determination of these compounds, their apparent permeability coefficients ( P, ) and efflux rates were
calculated. Result: Arginine and adenosine from Isatidis Radix could be absorbed well by absorptive cells of small
intestine with P, of 1.01 x107°-1.35 x10 "* cm s ™' and 0.40 x107°-0.71 x 10 "° cm +s ™', respectively. Two
kinds of ingredients show good permeability in Caco-2 cell, following by absorbed degree of arginine with rate of >
50% , better than that of adenosine. Efflux rates (ER) of arginine and adenosine from Isatidis Radix extract were
between 1.0-2.0, indicating P-glycoprotein ( P-gp) efflux effect existed in absorption and transport process of
these two compounds. And other compounds from Isatidis Radix could enhance efflux effect of P-gp on absorption
of arginine and adenosine. Conclusion: Arginine and adenosine from Isatidis Radix can be absorbed well by
absorptive cells of small intestine, and directional differences of absorption and transport process in Caco-2 cells
are found out with P-gp efflux effect.
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600 7 755 0 AH (0 15 ( 55 [E Waters 4 F] ) , TS-
100F BI4 I8 22 48 ( H A Nikon 24 7)) ,EL-204 %I H1 1
KAV (i - Hg 5 -6 R 2 20 W) ), 8000 5 41 K £ =X
CO, #0155 55 44 ( Thermo 2% &) , 680 U fifi b5 A ( 6
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BL( 3L DL 5 & R IR A FR 22 W) ), YDS-50B B i
AW A (L & RO A A d A R AR, YXQ-LS-
75G BRI L R ) ZE AR A (BRI A
FRA B EESF A48T ) , Millicell-ERS 11 7 4 g e BH (%
(£ [ Millipore 23 #] ) o

MR AR 25 61 (Bt KT 25 6 h 35, it 5
201309, 258 5t M BE B K 2 24 2 B 2E 24 2 20t % X 41
KIS 78 R+ F AR W AS W Lsatis indigotica [F)
TR ) R 2R X BRG] 2  R R B
Bt , 4l >95% b5 024-201304 ) , B+ Xf B8 b ([
24 A AL 2 R A B A A > 95% , it 5
A108808) , 7 H i oK . 98 6 2 4l ( 3L [H Sigma 23w,
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& (i Waters B4 IR A #E5 S117547) , 6
PEREIR B X0 & (ot R A R A AL it 5
20140423 ) R 2 T B R BT (AR L ) 24 5k 0y
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B2 B B 25 A= ) B R BiF 5% i B At S 56 vb i FH 48 i
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2.1 MR AR Y W A i A
2.1.1 43 % Caco-2 4042 Fh F 15 35 ,

-6 -

E B DMEM 3532 36 v 4 10% Ja 26 1 3% ,3.7 g- L™
MR A4, 1% L-73 & WEMe, 100 U-mL ™" & % £ M
100 U-mL ™ "BEBE R, & T & H 5% C0O,,37 C
KRR AE h (R EE 90% ) 55 5%

2.1.2 FEMHIE FPREUIREAR 25 643 &, 8 ff
50% LTV IR 24 h FiAE 2 h, i 8 s 259 HE A 6 £%
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WU EE, S T, R BEER K,
IO VKA 28 o 240 S 56 17 156 1] HBSS 75 W 7 Tk
B WS B — 2 T e B A

2.1.3 iYL WO B KWK Caco-2 41
Jia, 4% 10 x 10* A~/mL 5% BE e Fh 21 6 fLAR T, B 1L
2mL, MG, B2 d W 1K, 1 G S H B
KR 2 15 d e (40 A o0 2 IR0 0 ) | TR0 20 e 24 i
200 wL, JimA 5 2% R %) IV W 600 L, T vE 2R
L7, 250 (15 000 r-min~', 10 min, F[]) L
TH W HEAT 34T o

2.1.4  24WiLicils R B AR K I A 4 %
10 x 10* 4~/mL % fL 400 pL 2 2] Millicell ™ i T5
Ui RSSO ( AP) , I 7% 2 I BN ( BL) i A DMEM K 5%
W 600 WL 2R 1R 2 d #eilk 1 IR, 1 5 1 H 4
W ¥igi® 21 d J5 B AP |5k BL U128 v 50 pL,
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2 ER 22 P70 WL, iR BEIR AT, A AccQ - Fluor 77 4=
KFN20 WL, iwfE 10 s, EHEACE 1 min, £ 85 B 101
B HLAE 55 C LR oA 10 min, 2 1), flfL U8
BREug i, A3 HT .

AccQ-Tag 2 JE MR /3 Hr At (3.9 mm x 150 mm 4

pm) |, 2L B K 250 nm, &G 395 nm, i
BIA NG (A)-10% TR ¥ -1 T2 56 2% M W (B)
BEWEE (0 ~17 min,5% ~8% A ;17 ~24 min,8% ~
20% A;24 ~32 min,20% ~32% A;32 ~37 min,
32%A) , MV 35 C L, H 1.0 mLomin ', #F£E &
10 plL,
2.2.2 J#F  Diamonsil C, 0%+ (4.6 mm x 250
mm,5 pm) , i s A EE (A)-0. 1% B2 K % W (pH
4.0) (B) B )JEPEME (0 ~ 4 min, 8% A;4 ~ 32 min,
8% ~21% A;32 ~38 min,21% ~29% A;38 ~ 40
min,29% ~90% A) , ¥ 1.0 min-mL ™" 4 W 3 K
254 nm, H: i 25 °C, #ERE R 10 pL,
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3.1 KES AR BRI e

31,1 HER AR IR B 27. 2 min, 1EE
R, 25 A ot B B i 390 6 T 9t 5 R RV 0. 50 ~
50 mg- L', A5 FE Y =9 446. 00X +57.51 (r =
0.999 6) 5 B BR 0. 50 mg- L', W B FIKS 2 )3 R
I, IR (0.5,5,50 wmol - L") £ 6 Yl
SEW) RSD 43500 3.4% ,2.5% ,4.0% ;G 1E 4 C
T 24 h NEETE R AT, RSD ¥ <5% ;5 A 243 5] K
95.43% ,96.32% ,95.12% .,

3012 JRY R ML R R 19.5 min, IBJE R
U, 28 FA I B Bl s 00 S T S kS L 0,50 ~ 50
mg-L™" [ 597 & Y =12 349.00X - 610.23, (r =
0.999 8) s H R 0. 50 mg-L™" . R ARG % R
I o IR (0.5,5,50 wmol - L") £ i 6 Yl
SEW RSD 435300 2.5% ,1.3% ,2.7% ; FE G 1E 4 C
T 24 h NEETE R AT, RSD ¥ <5% ;5 MR AR IR A
97.41% ,98.14% ,97.32% .,
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3.2.1 Caco2 ML 2MEHLE ZiIXLEWRE
HH - FH L 00 ( DMSO ) 35 i Tic 1, A 7 B 25 1 13 71
TG, 5 HEAT 25 U 00 200 M 7 Y 5 % 1R RO 4K
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A/mL T 96 FLEG IR M B B IR AR B 37 °C 5%
CO, HiFR A6 e H 24 h, SLE0 40 K IE 5 41 il DMSO
H o FEHRCK I 490 nm bR LG RE A, T 40
FETE 2o >R I WE W vk (MTT) A I, 45 2R 3% 0
DMSO #£ 2.5 ~ 40 pmol - L ™" [}, 40 il 42 3% £ ¥ >
80% , i Bl DMSO X i% 4 ffd 2 P4 7T LA Z W . 356 X
oA K ) Caco-2 411MI, Lh4E4L 100 L, 10 ~20 x 10
A/mL FAE T 96 fLE5 IR MR, B 15 SR AR E 37 C,
5% CO, HiF2 M h e 24 h, SCHG 00 B W H 2
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mg-L7") LA 100 WL, fE ] Caco-2 ZHfi 4 h J5
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400 mg- L~ %} Caco-2 2 il A< 1A 3R 4 25 P4 o
3.2.2 ATk B 3z K Ak B W o i i A R 52
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mg L™ {32 KL A W, A IR pH 7.4, WAL B ] 60
min, 5 5 R A AR A VA VR oK R R R
Xof HEL it ) 5 B O A R 1 9 o S e 5 B
e T R 4 e AR At U VR 3 G, AR
25 ~200 mg- L~" i 55 i 5 ok B A IE e, > 200 mg -
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Fig.1 Effect of test compounds with different concentrations on

uptake of ingredients in Caco-2 cell(x +s,n=3)
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Fig.2  Effect of different times on uptake of test compounds in

Caco-2 cell(x +s,n=3)

3.2.4 R TA IR BE X 32 0K A0 A W A0 M A R 52
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T2 S YR BB, LA 3, 45 2R R AR
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30 SR S, Wk PR L 37 °C

3.2.5  KTA pH XF 52 ik L & ¥ 40 i 5% i 2
M A5 pH 43518 4.0,6.0,7. 4, i1 A 100 mg-L ™"
SR A E WG Caco-2 20 1L X K 24 B2 AR T 14 £3% 1R
O, DL 4o 4558 7 A AR B BBOR TP oRS R Y
FRICR RO (HBEE pH T RS Z IR I 1 B
T AR X AT BT TR R 25 R A AR E A AR AR
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Fig.3 Effect of different temperatures on uptake of test compounds

in Caco-2 cell(x +5,n=3)
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Fig.4 Effect of different pH values on uptake of test compounds in

Caco-2 cell(x +s,n=3)

3.2.6  AMHIFIXTBEEUR R H LA pH 7.4 5%
EF P-RER (A (P-gp) 10070 300 4 H7 1 K X 100 mg- L™
Z AR A W AE 60 min PN EE IR B2, 25 5 SR (R
BE G EORE SRR S+ IR RS R X R RS A
i o BE ity -+ J00 1 00 roRG 220 2 18 L 43 1) Ry (6. 89
0.22),(8.53 +0.08), (5.43 +0.14), (7.63 +
0.07) pg-g ', & MRAFRE S & MR BE S, + 40 i)
JR X R BT R+ ) R0 e R ) B
A3 (9.34 £0.10), (10.67 +0.18), (4.70 +
0.11),(5.20 £0.07) pg-g ' 6B 4R MK GEAR
#E Caco-2 4 i X 32 4k & W L, 2 7R% P-gp Xt 22 3k
b B W i Wi i i R TT BB A A AN HEAE
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3.3.1 B PHAE A M 5 AR B ( TEER)
A Rk H E Caco-2 40 5 2 A 58 88 vk, — ) >
200 Q-cem’ B A] N BZ B S8 . TEER #w, £
N PR A, — A S 1000 Q-em®, 7E Caco-2
4 f 42 A OAS [A] K 00, R A Millicell ® -ERS 11l 5
Millicell™ £ ) TEER , TEER = ( 40 Jifd 5 fi& el BH A —

-8

TR Z A SO T A M s 1 B O
3.3.2 DlPEBEEREETS TR RO E AL B R AT
7N T AR 5 0 D ) — o s A T, R — R A B A
AT T A 23 A 520 A R — B, mT e AR 2
F4 o 285 T A 40 BT 4 i o0 Ak B9 RS B . 7E Caco-2
240 e b AN TR RO R R P e R ) 0
AP K BL A B W0 R A O P, DL AT S A5 SR R H)
MER 4 TGRS 240 9 0 ( AP, BL) #4248 A £k
FRAEC 22020 B 5 19 ~ 21 K, WU A A %
e ey B 31, BEUTHEE ST B 40 O A R H. 4%
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TR0 JIT 5 119 4% 7ol 2 1A T
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Fig.5 Determination of alkaline phosphatase activity in Caco-2 cells

at different times(x +s,n=3)

3.3.3 WHEMFmANE I HBSS £ ip
W4 BT ] 0.000 6,0.012,0.24,2.48,5.96 gL~
PECFE X IS, Wk O 491 nm, & 6 512 nm
AT RN B G R E , LGSR B S AR bR B v
JE R R AL bR, A AR E T 4R Y = 1.826 5X +0. 142 8
(R*=0.999 6), 2kt Bl 0.000 6 ~5.96 ¢- L',
Caco-2 41 fa 7€ Millicell™ i I £ K 545 21 K5, %
FERE IR, TE AP MUA BL XA 37 °C (%) HBSS 1
FRUWL 600 pL, K55 20 min; W FEEFRWT , A AR
%5 37 °C ff) HBSS 28 #h ik , 55 3% 20 min; g % HBSS 28
WRVRE L TE AP N 15 g- L7 G R AR 400 plL,
BL fill il HBSS %% wh g 600 wL, 7 37 C,5% CO, F
60 min WL HC BL ] ) 5% 32 W . Ko il 2 O 5 B, AR 4l
P 2T 59O R B AE AP-BL ) % iz W i vk B
HREW I RELP,, = (dQ/dt) /(A xC)) ],
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th Q R B YL i A Fon BRI R A,
Co TG WAE 4 T i W) R W B ¢ R 5% 38 B
[f],dQ/de RoR iz A, 2 HAH RN K E K4
(4 Millicell i, 4525 EIQE EOCERAN P, 55 5
N 4.87 x107°,0.14 x10 *em-s ™' JFHH P, /INT
38 B 5 E 1Y 0.5 x 10'6 em-s ' BB Caco-2 4
b 3 375 M R 4T

R 4 41 A 328 A5 TR 1) 50 UE 45 2, Caco-2 41 Jifd 22
21 d B3R IE  EEE S S/ L R 40 i AH
;796 6 R 4 /Nl % & <0.5%, TEER > 200
Qeem®  A0AE = AR vk Ak o T PR 7 AR 52 I 3 4k 1
T EEFRHE ST Caco-2 40 i #E B £F 4 25 W 38 i 5
EEKR
3.4 WMEMEES N ZE IR BT &8 &
PRI Millicell ™ 5%, 75 52 50 JF 46 7, FH 25 14 ) HBSS
EBG MW (pH 7.4) T 37 CH5 5% 20 min; [ 5
JH HBSS %00 Uk 3 3, Pk 25 240 M 504y 2 R )
Z 0, XM AP U E) BL 4%z % 52 14k & W%
W 400 wL s AP MR AL 45, Wi A BL U, i
A% HBSS 4595 28 il 600 I A Sy 4% WO .
XFF AN BL U 2 AP il 5% iz« ¥ 2 K Ak S W) TR
600 pLjn%| BL M4E K45 , 25 11 HBSS 4538 2% vh
W 400 L 3| AP MV B . 78 37 CHE 348
AEE TR FE 100 min, W HCFZBOR 60 pl, #% 2.1.4
TR 9 7 2 2R AT RE S AL B 0 5 A2 3Kk A W s i
SR,
F1 ZRUAVFRAMENEERBBIEE (x25,n=3)
Table 1 Apparent permeability coefficients and efflux rates of test

compounds in different sides of Caco-2 cell(x +s,n=3)
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