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Abstract: Objective To research the correlation between compositions and absorption of the multi-components in Coptidis Rhizoma
and to explore the methods suitable for identifying the interactions of multi-components in Coptidis Rhizoma during the absorption
process. Methods Samples of various compositions by their different combinations of each component in Coptidis Rhizoma were
designed and prepared using Caco-2 monolayer model. Using HPLC method for the simultaneous quantitative determination, taking
the inherent apparent permeability coefficients (P,p,) by the individual transport of each component as reference, the least square
multi-linear regression was used for data fitting to obtain the correlation between interaction intensity of Py, and concentration of
each component by their different combinations and to analyze the interaction type and intensity of multi-components during the
absorption. Results The quantitative relationship of multi-component interactions for coptisine, jatrorrhizine, berberine, and
palmatine was obtained, respectively. The main contributors for the multi-component interaction, including single component and
interactive products of the different components, were also identified. The quantitative relationship affecting the absorption was also
obtained. Conclusion A well-designed method for studying the multi-component interactions of Coptidis Rhizoma using
mathematical method is practicable.
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IRISCIG L, 25 5 2w SLA AL 23 IR 520, AR ECSK
i S e v 25 22 20 0 AE LA Y e s ),

N lii Caco-2 4 M 1) 45 K4 FH A= AL REAIE AL
TN E A, eI RS e N T
WSRO ELF, S5 scseAatt, SEmA R, Hik
ML TREFE, R Jise, e, FEiE A
AR FT 25 0 ), Caco-2 40 Jfa AR 2wl LA
X o W s AN RIS AR R 22 ), 98D T A 230
SRR 22 . BOEN T, SRR
Caco-2 21 o JZH Y I i B iz F 97 22 4 v /e L
—JR O3 1) i T A R AT % i T L A g 0,
TS T2 22 21 43 ) (P AH EAE A R0 . AR S0 R
H Caco-2 41 5o JA AL, A B 43 AT T80 2
Ao AR EAE R, PR BE KSR T 2 450 1)
ARG SWARSNE, by 2 A fEiofich
HHEL R 00 B (AL S50 A0 H FIATE 5 JE B
1 7
1.1 AR5

3% Coptidis Rhizoma, W T~ FFFRANE PR ]
JE, g EREERE 2 TR AR AR S
NEERHEYIHIE Coptis chinensis Franch. [T
22, 24 FLEKIREENR His /4, JEE Millipore
Av); DMEM Bigedk, JGFIE (FBS). JEb75
TR AR M. 2 L HEIRME IR, 95 Gibeo
AHl; Hank’s P $hyy (HBSS). H# . Bi%s
#, KM Sigma AF]; BFIEE/K (100117-200504)
W2ZEU IR (100783-200401), _E A 5245 S 56 BT
JH U >98%; N ik all; AChREAiK; IL
(BB S TR
1.2 {45

Thermo forma 3111 CO, #5748, & [E Thermo

/vdl; BHC—130011 B2 EWze4sti, s
SRS IR 7] s TS—100F {318 S 4%, H 4 Nikon
A+ ;s Millicell—ERS2 #5 i HLFHAX, & [F Millipore
A+ Agilent 6460 — T Ef B DU B AT W85BG A%
Agilent Infinity 1290 BRGRAH IS, JEE 22 HEe
Awl; HWS—12 FHVER K5, DZF 6050 FH.5%
THeAE, b —ERHEARAR; THZ—D <ifia
WIRG %, ROHg &) ;s IKARVIO 24 D
T 725 AN, EE IKA AF]; LDZX—50KAS 7
KR, DI T 48 .
1.3 4Ap8

Caco-2 4, U5 T-rb [ERF 2= Bt b4 i 2
ASEEG T AE FH AL 44~49 4R,
2 FESHR
2.1 AEHE
2.1 POEKEEHUI A R SRR 2 AR
K G 60 HIf) 6g, & 500 mL [REET, s
G, 100 CHEHL, JLHEH 3 Ik, BHKZ) 1h.
H PR, MATK CWER S BERE A 80%, %+,
4 CHCELRH, W EEHR, i 0.45 pm JEE, 80 C
e R AT, Sk ok B TE 50 mL
s, IKERRZIE, #4), 14 120.12 mg/mL
BOEKEE YW CCABE M) .
212 EIEKERYRASMrEH S KH
“2.2. 17T N T S A o B A B KSR U A5 A
gy, Kol E e sy, % TS AL B.
C. D. E (¥ 1-b). RIS RYL 0, 80 C
TR R ET, 30 CHEA T 12 h, EED 5L
HBSS 5%, W 10 mL &4, i HBSS &
KL, #£4, 2573 18.02 mgmL (LLw#EZ
MAVE) (8 20 3 it 2

t/ min

A-BERN B-R/NEERL  C-Z5HN  D-/NEERR E-COYT
A-coptisine  B-epiberberine C-jatrorrhizine D-berberine E-palmatine
1 ZTHHBSS &R (). HEZHEDRFIR (b). SENBEREIZHER () B HPLC
Fig. 1 HPLC chromatograms of blank HBSS (a), mixture of multi-components in Coptidis Rhizoma (b),

and sample after transmembrane transport (c)
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22 SWAEREIL

221 A% Phenomenex Luna Cig
(250 mmX4.6 mm, 5 um), Vsl FEE-/K (UK
BET 1T pH 3.0, B EESENE (0~30 min, 5%~30%
FE s 30~60 min, 30% L), AR 0.5 mL/min,
FEIR 20 °C, KIPA 270 nm, HEFEEN 20 pl.
222 Uik BFUECh ESTYE; RrBi Ok IE
B AR, BHiEEE: mz 100~600; E
E A 4000V 5K (UEMV) 4
200 Vs B (N (AR EA 11 L/min, 2 350
C; 4B SRR B 10 L/min, ¥ 350 C;
HLH (Fragmentor) A 200 Vs KH H8h3EFE 4 B
HERE . WU & B2 0 il A WO T T A4, O
s,

H A MG AT ESI-MS A, IS
BRI B A AT LU, B2 m/z 319.8 R R RV /)
TE T [A+HH], m/z337.9 I ZiRIRIHES: T 55
T [CHH]', m/z351.9 4 BT IUES 15 1%
[E4+H] o M08 /NSERGAT /N BE G KT AH X643 1 o A
Fl, FiWES TB 7% [CHH] MR, mz ¥
335.9, X FHMTFE A, D EHTE
1 277.8, 1M B&AH, ZRICHRIE A 4 EIE,
B N R/NEEGR, C WZIRGL, D A/NEERL, E A
%ﬂ[lz-n]o
223 FHEFER

SRR RHELE, UM TR FEm
HY=1780X—2.12 (r=0.999 3); F/NEER N Y=
2777 X—1.63 (r=0.999 6); RN ¥ =241.8 X—
342 (r=0.9974); /PNEEGA Y=1520.6 X—2.20
(r =0.999 4); B4y Y =3947 X—12.36 (r =
0.995 6); £EMEJEHI¥I 4 0.01~1.80 mg/mL, FHITE
SR S L P et G R LA - B R0 25 IR AR
75 HBSS 5 5% 48 f 1R 2% JBOR 22 41 231 b i 1)
W T3, BEERLG (B Do KR4 41
KW, DUEZH PR EWIR 0.024 0.10. 0.05 mg/mL
P BORG 5 P 1Y RSD 20 58 1.41%. 3.67%-
4.61%; FRANEEIRIT AN 1.65% 3.06% 4.33%;
PRI TR 0.55% 4.22%. 2.92%; /INEEBH) ]
H 0.46% 1.95%- 3.48%; ELILVTH5H14 1.28%.
3.09% 4.26%. fasE PRI LE R, 2410
VWA 48 h WERGE .

2.3 HEEZHEHSTE Caco-2 A EHE REEIZSEIG
231 PRI RE T AR () W

L AR T 15 mL B, NI R AR
HBSS (& 1), WliE 60 s, BIFAFHREA G HZ
MW
x1 BEEZENFEIREKTERSAREVEH
Table 1 Preparation of mixture of multi-components in

Coptidis Rhizoma at different concentration

FE Val e/ Vel Vo / Ve/ Vigss/

Y5 mL mL mL mL mL mL
1 — 0.2 0.2 0.2 0.2 1.2
2 0.2 — 0.2 0.2 0.2 1.2
3 0.2 0.2 — 0.2 0.2 1.2
4 0.2 0.2 0.2 — 0.2 1.2
5 0.2 0.2 0.2 0.2 — 1.2
6 0.2 0.2 0.2 0.2 0.2 1.0
7 0.4 0.2 0.2 0.2 0.2 0.8
8 0.2 0.4 0.2 0.2 0.2 0.8
9 0.2 0.2 0.4 0.2 0.2 0.8

10 0.2 0.2 0.2 0.4 0.2 0.8
11 0.2 0.2 0.2 0.2 0.4 0

12 0.2 - - - - 1.8
13 - 0.2 - - - 1.8
14 - - 0.2 - - 1.8
15 - - - 0.2 - 1.8
16 - - - - 0.2 1.8

2.3.2 Caco-2 42T ¥ Caco-2 4
B FET5 10% JRA-iiE (FBS). 1%3E0h 752 Hk
W% 1%A 2. 100 U/mL 752 2 F1 500 mg/L 5%
B FNPU DMEM £5783, H598mE 37 C.
5% CO, THR B IR 595 . BRI, ik K s
2 80%FlA I e e A Mg v Ak, 454l VR ARV, 7]
Transwell 553580 (fL4% 0.4 pm, FA 0.6 cm?)
(1 E=NN 400 pL A8 VA I A0 R 7l (3 %
H1X10° /em®), FEMIA 600 pL 584 DMEM 1
FEW, TN 37 C. 5% CO, fHIR G FRM T B g% . 5
BTG RR R, 18 G BRI 24T 19~
21.d AT K, F 3 d i 6 R BELASCORS 0 B 2 & i
IR, &L KT 300 Q-em®,  H B #5695
IR Z59 R0 BT Caco-2 4 ffd PR J2 A 70 104756
ED 1220 AR g S Sk LA T L, D R
LA MR B R ) e, AT TR SR
2.3.3 Caco-2 diffufLiz ey Hd%F: 20 d JF5HE
T Tl 2% B D () Caco-2 411 i HL )2 & Transwell 1557
Wb, F 37 “CHJ HBSS (pH 7.4, % 10 mmol/L ]
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F& CHEWNRIE CBREIR) WD 3 Ik, BT
55 30 min, W57 HBSS ¥ . K5 243 (1.8 mg/ mL,
IKARWE Caco-2 41 REVESZIG A E D) 400 uL hn#
Ja s e A fitgh it CAP), [AIIJEJE M HBSS
F 600 uL AR #0t (BL), Transwell £5 78 E
3N 50 r/min (1) 37 CHERFEINT, HRl7ERZ
J& 60+ 90+ 120, 150 180 min M FEUCIBEEE 100 pL,
A AR R ARFR ) HBSS ¥. HX “2.3.17 TN AE
SR T AR B S (n=3) Y,
234 KMBEREGHE 2% Artursson P
Tk, WA ULAE Caco-2 4 U2 R 5%
R (Popp)s

Py =AQ / (A+-4-Cy)
O WA BRI IZ R (mg); AQ/At NHEIEFHR (mg/s);
Co LALLM I IEE T RHRBE (mg/mL); 4 40
EHRER (ecm?®)

R 1 T RIHATHAS SR G, 19981E %415y
1 Caco-2 AR JEIN Popp (K 2)0 Z5RKY], BIE
AP H] Popp 75 3.90X 10 °~15.66 X 10 cm/s, J&
TP BRI, BL S NLMR A HHEE Rt
WA, ARG EGIFEE, v AR5 &

IR I AR P BOLR AL Papp HIEE I, T WL 241
Oy Z AR AN AN s B DA R 2 70 1) e
WRIE, Py WBEZIGIN, FWIREIN 22 4173 0] A0 1
VERTHEAZ AL BEAE Y o v W22 21 73 IRV RO AR ELAE T
7, HGHREA .

24 HEESHEDTE Caco-2 MR ZHEE hIRIA)
HEER
2.4 BRI K HARAL Sy iR [ E
LIS I 1 [T Papp 10N Plapps SLABLLSN LA
A Ik B AR A AT AL R R ey, H
FRAVIMI Pay 05 Plays FEHLZL 5058 FIERALSS Popy
AR (R 5 R 5 SCHAERTBREE (Do

I=(Plyp—P Oapp) /P Oapp

K BE T d /) — AL 2 eI IH %, B
FLABZH 93 %5 HARZL Y Papy FIAVE TSRS 1 O RIAR 5
DA FRLZH 73 1R BRI JBE DL K S5 e 4% 20 73 TR AH ELAE
(12 2473 ORI LR BAUN B A, ST E, %
SOE L My S A BRI

BOSOE P BB R/DNEERR. Z9HRER. /NEER
FELE TS50 Xav Xpv Xov Xps Xeo B
POEC HARAL T, HRS A AR RIRIE S

% 2 Eﬁﬁéﬂﬁ&,ﬂézzﬁéﬂéﬁ: Caco-2 Zﬂiﬂ@qqﬁfiiﬂg Papp (AP—BL)

Table 2 Py, (ap—pr) Values of each component in Coptidis Rhizoma by their different combinations across Caco-2 cell

FEdh G

Papp (AP~BL) / (X 1076 Cm'Sil)

LD FNBEGL 2R ZINEER, LT
1 7.74+0.36" 8.194+0.10" 6.35+£0.39" 9.23+0.10°
2 42940.11 — 4.77+0.19 5.02+0.06" 6.66+0.27
3 7.60+0.57" 6.35+0.55" — 5.74+0.52° 8.9040.158
4 10.05+£0.45" 6.92+0.06" 6.724+0.68 - 10.10£0.75"
5 8.14+0.43" 7.41+0.39” 7.2140.05 6.15+0.16" —
6 4.5040.26 3.6440.35 5.68+0.43 3.8140.27 7.91+0.34
7 6.48+0.42" 6.50+0.47" 6.854+0.36 6.37+0.42" 8.2440.00
8 7.03+0.49" 7.04+0.23" 7.31+0.57 7.52+0.25" 9.52+0.57
9 6.13+£0.27" 3.6410.06 4.17+0.14" 4.68+0.22° 8.5040.38
10 6.89+0.317 7.344+0.65" 6.58+0.45 5.13+0.43" 9.91+0.45
11 6.66+0.48" 4.55+0.46 5.534+0.43 5.46+0.49° 7.134+0.19
12 15.66+0.40 — - — -
13 — 10.65+0.89 — - —
14 — — 5.5240.21 — —
15 — — — 3.9040.13 —
16 — — — — 9.9140.56

56 Sk E: "P<0.05 TP<0.01
"P<0.05 “P<0.01 vs sample 6
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FCALE RS HFRZL 2310 1 o AR B, B A2 A4S Xa-
Xo~ Xo~ Xe DAL 2 AN AL 93 iCRIR FE IR SREAR (XpXew
XpXp+ XpXev XcXpv XeXps XpXp)s 3 ANRALSM R
HWRETI (XpXcXp XpXcXew XpXpXpy XcXpXp)
H 4 AP PRETAR (XpXcXpXe), HIMGIUA
Tt Iy = aXp+aXc +asXp +auXe + asXpXc +
agXpXp T arXpXg + agXcXp + aoXcXe + a10XpXE +
anXpXcXp + anXpXcXe + apXpXpXe + aaXcXpXE +
a;5XpXcXpXE o

PG 7 i HAZ R RO BN, Rz H
WAL S B is BA P FIVER],  FHASE UG R
A, AR, T A AR LA R LR
P NANIES N RN A O P RV GRS i
MERERZE, HLERIES B AR I sl 1t
1T, HIFRTTIREARH) B4R . Ko i N EARE
AU LN |a | » H 5P A B R A
FfEE S Qs BA O bR (<0.03), BB AIER
XA TSm0 B AR, HARIE AT DG AR
Hr=0.95, LLORIE 2 TN HOL > B 2 1] )
FHSRMER I A& 23K

|a[|

0 = n=l5
> la|
=

242 ZHNPBCIREH A EAE 3T DORIER
o 5 HABA D AR5 AT F IS Caco-2 4
FLR Papp NEERE, BES A N HARA Sy, DA
I I 22 400 HARAL P T A&, AN
FCAR ALY IR R B R B IR (1 3R AR I [ A%
e, BLSTI O B A A, 20 5 o AR 1 DTk
BN AR, HE RN, Hi
TR

(1) XTSRRI . LSRR H AR
7y, ZIRMIEINE TR, B O N HMIE, RSB E s
BEATIAG AL A 2L 70 X SRR 52 1 5 85
2 (r=0.995 4): [,=1.40Xz—2.88Xz+0.62Xp Xz +
0.48XcXp+0.48XcXpXe—0.75XpXcXp-

1127 4 FR) 2R 50 PT 458 2 70 0 5 A B AL 1
[/ PSR Xp > XpXe™>XcXp = XcXpXe: I
RIS Xe> XpXcXpo X S IERRRML 5%, Ll
SR IL AR F O 3, O RN P
FIVERs S0 ANEA RN EEATE YT Z9ARAAT /S
BEO - 2 HRBRR /N g T B YT A L A R B I
YRR, DR /NEEI S 25 /NS T 17 ™ 7

AR, XLy B AR AR S AR B R L
BIEARAZ (QAE LR 0.1), HXFHEA T TR
PEERRCEL, WIF S L2 45 [ A8 HAEH
ST BB R ROBOR AR T A 1 R

(2) XF 2RI e . LL2G ARk H AR 4l
g%, TR AT A3 42 4540 43 15 2 MR B T 52 1 (1) 5
FKFR (r=0999 3): Ic = —1.46X)— 1.12X; +
0.76X, X5 + 0.11XpXp + 0.69XpXe + 1.39XpXz —
0.84XpXp X,

F 125 T2 10 22 B80T 15985 21 2 3 2 AR AL 1 )
[FVE R SRE N XpXe™> XaXp > XpXe™>XpXp; HHIE
FHHRIE R Xa™>Xp>XpXpXe. A ARG AW ) 5%
Mg DA SECEE R I PRI/ D /NBERRRD 2 v T A8 B P
AR RVER- 32, O YT RANEER S /N
BRSO B 15T A8 B A MR E H

(3) S /NBERRR IR sE M L/NEECA H bR
g [RNE TR LR A 205/ NEERR A 50 1) G
% (7=0953 2): I = 444X, +18.84X3—12.45Xc—
23.23X; + 430X, Xc — 10.32XpXc + 19.50XcX; —
3.60X XX

FH 1% 77 F2 ) 2R 00T 19 85 21 0 0 /N BER S L 1
AR BREN XcXp>Xp™>Xp>XpXc: FHIAE AT 9t
FEA Xeg>Xe>XpXe > XpXcXeo R /INFEGIIS 1) 5%
i 2 DA B Sy T R . 2R A EL 2 T A8 B P
AR A, OO R /NEEBL I PRI
ZURRAR . R /NEERRAN 24 MR B AT T AR A

(4) XTI s M. LAELE YT oA H AR Al
gy, [FNEATAR LR ALy 5 YT I s 1) KR
(r=0.989 1): Ip = 0.82X)—25.46X3—0.01Xc—
0.99Xp+ 13.17 XaXp+ 14.43XXp — 744X A XpXp

P12 7 2 R 28 B80T S0 45 2 43 3ok B 5 9 T IR 4T
[FFE TR R XpXp > XaXp™>Xa: SWHI1E ] 5E
Xp>>XaXpXp>>Xp > Xco X ELEG VTR I3 ) 2 DA
INBER AP A 3, Rk 2 /INEERURIT /N BE B
BT R 2 /NEERRAZ L= A R RIVE
3 it

ASER R Caco-2 i i 5 A5, fH BhE 2 4)
W5, TRTEE K EEIU b 2 A 50 W S AR B RE
Wi, g7 2 2043 DO RIS A& 5 R, d Rk
bR SR O3 A AE AR AL, 24153 AC |
VE R AT #4153 (R R e 4 S 2R

SIS 3% FH B/ - 3fevk 2 e gk M RN 2 41 4%
(PIAH EL g 34T BR ), A0 HH 0 IR AT T g K T PR
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2, 4 L IS /N BE B R AL [ A AR e R 2, [12] Tk, e &, Ak, S SO ok

BEAMA SR /NEER, 2 ARBAT L 55T 4 Bl sy
I M D 3 S B T ARG (r>0.95), 2K
FIA S8 U & TR IR NBEI U & R BT

ok (r<<0.95), ULHHHEAE S

NEER . S

SRR A3 53] SRS v 24 22 21 93 18] (R AR T 5% 1 1)
PRI, b 22 Ao AE O AR LA T T

fefit

TR

Sk

(1]

(3]

[4]

(11]

TRARTE, BRAZLR, WS, S5 240 A S AR
RS PEVEG J5ik (). 25544, 2008, 43(6): 647-
651.

S ST S 0 7 SR L 7 R Y (N
W AREGE ST [J]. BEPE AR, 2012, 33(9): 1235-1237.
G, W E, B, 4 TR40E A 1L Caco-2 41
JEARE R WL T (0], h I 2y, 2011, 9(7):
481-48s5.

A, % 8, £ UK, S5 HIELEYIMK N4
Caco-2 4 LA B &5 3z i) B R4 TR 5T (0], 71 B2,
2012, 34(1): 15-19.

Walgren R A, Karnaky K J J, Lindenmayer G E, et al.
Efflux of dietary flavonoid quercetin 4’-beta-glucoside
across human intestinal Caco-2 cell monolayers by apical
multidrug resistance-associated protein-2 [J]. J Pharmcol
Exp Ther, 2000, 294(3): 830-836.

R, B, ek, 55 ey mBilsh 2 ot
JUHERE [J]. Z9WPPH AT, 2010, 33(1): 25-29.

TR, EARTE, ¥, S5 S REITI/NEER
LTS OGR4 HEAAT. Caco-2 40 i 312 1) LU ELATT
7% [1]. HaErhBEZ IR, 2011, 26(5): 999-1003.
Moy, WBEA, VA, S5 SIER KBNS AE
Caco-2 B2 40 RS vh (W) 5 BB AT L[], vh 2B
HilkipK, 2012, 28(1): 9-11.

WOBE, W M, RIRRAE, AF SR S RORAH (O R R
B N LS B g K HORE [9]. TR 24500, 2005,
8(10): 832-834.

O SE, 5. R A% R /N BE 26 AE YR
Caco-2 4l Jfg FL 2 B AL rp (el 5 3], P b 2 2%
&, 2007, 32(23): 2523-2527.

Liu C H, Jiang Z Z, Huang X, et al. Cellular absorption of
emodin influenced by anthraquinones in human intestinal
Caco-2 cells [J]. Chin J Nat Med, 2008, 6(4): 298-301.

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(23]

[24]

WA - HLWE 25 28 T BIF R TS T [J]. 2> TR
#, 2011, 27(3): 189-193.

WREgime, BAEDR, 00k, 4. AR E k- i s
TRAT I 1R] BTG R 23 AT BOE R AR (3], A
R, 2007, 65(23): 2743-2749.

BT, T ¥, S HPLC A E ThIR 152578
FHIE R [J]. EARE 2, 2011, 9(18): 59-60.

Wang Y, Wu Q, Yang X W, et al. The membrane transport

)

N
-z

d

of flavonoids from Crossostephium chinense across the
Caco-2 monolayer [J]. Biopharm Drug Dispos, 2011,
32(1): 16-24.

Kataoka M, Masaoka Y, Yamazaki Y, et al. In vitro system
to evaluate oral absorption of poorly water-soluble drugs:
simultaneous analysis on dissolution and permeation of
drugs [J]. Pharm Res, 2003, 20(10): 1674-1680.

RIBELL. AT SR AW 25705 55 29 3 Jg 7 LAk T
FU [D]. VLRH: TRHZRERE, 2007.

RFFHN. AU S5 T TR AT AR 25 5 B S AL S
RGN [D]. YLFH: LRHZRER2, 2005.

R, Mols R. HPLC with programmed

wavelength fluorescence detection for the simultaneous

Augustijns

determination of marker compounds of integrity and P-gp
functionality in the Caco-2 intestinal absorption model
[J]. J Pharm Biomed Anal, 2004, 34(5): 971-978.
Markowskaa M, Oberlea R, Juzwin S, et al. Optimizing
Caco-2 cell monolayers to increase throughput in drug
intestinal absorption analysis [J]. J Pharm Biomed Anal,
2001, 46(1): 51-55.

Haslama 1 S, O’Reilly D A, Sherlock D J, et al.
Pancreatoduodenectomy as a source of human small
intestine for wusing chamber investigations and
comparative studies with rat tissue [J]. Biopharm Drug
Dispos, 2011, 32(4): 210-221.

Cattoor K, Bracke M, Deforce D, et al. Transport of hop
bitter acids across intestinal Caco-2 cell monolayers [J]. J
Agric Food Chem, 2010, 58(7): 4132-4140.

R [H, F, THI, % HPLC HE/NEERFIE
LI NEERRAE Caco-2 AIUBE R Y #eia 7],
[E 253 2@, 2011, 27(7): 1007-1011.

Artursson P, Karlsson J. Correlation between oral drug
absorption in human and apparent drug permeability
coefficients in human intestinal epithelial (Caco-2) cells [J].

Biochem Biophys Res Commun, 1991, 175(3): 880-885.



