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w E:BH BIRMEEME Caco2 HMRAEBB PR BHEZHLH,

ik MAARGHBRBARE Caco2

GRARSUMRAMREREARE PR T REWHEDORFER , A W0 %S RE I 5 Ko Y
WHARBREUREFAR pH HX Caco-2 ARBMARMKEH. RARBBMHECHE-KIARMENRAR
HITERM AR RBBBERY (Pyy). HR WHEFE 10~40 pmol/L 1,Caco-2 FHM MR BRI B 2 R4
M. W ERRLAMA P-RECSTREMGRENEKG I P, REBERE . RNBERM 3.445 TR
¥ 1.386. #it MRAME Caco? ARMBMRUHEIHURNFKENE . PREGSSIHHREHLHE.
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Absorption and transport mechanism of ursolic acid across Caco-2 monolayer model
CHENG Xiao-hua"'?, XIONG Yu-qing?
(1. The First Affiliated Hospital of Nanchang University, Nanchang 330006, China; 2, Institute of Clinical
Pharmacology, Medical College of Nanchang University, Nanchang 330006, China)
Abstract: Objective To study the absorption and transport mechanism of ursolic acid (UA) by using

Caco-2 monolayer model. Methods
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Evaluating the transport characteristic through studying whether
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P-glycoprotein (P-gp) transporter inhibitor Verapamil (VER) exists or not by using Caco-2 cell monolayer

as an intestinal epithelial cell model and investigating the effects of uptake time, drug concentration, sys-

tem temperature, and pH value of culture media on the uptake of UA. The drug concentration was mea-
sured by HPLC coupled with UV detector. Transport parameters and apparent permeability coefficients
(P,,) were then calculated. Results In the concentration range of 10—40 ymol/L, the uptake of UA by
Caco-2 cell all linearly increased. The P,,, of UA transported on Caco-2 cell monolayer mode! significantly
changed when the specificity inhibitory of P-gp was added to model and the apparent permeability ratio de-
creased from 3, 445 to 1. 386. Conclusion The intestinal absorption of UA is passive diffusion as the domi-
nating process and active transportation mediated by P-gp transporter in Caco-2 cell monolayer model.

Key words: ursolic acid (UA); Caco-2 cell monolayer; absorption; transport

BB (ursolic acid, UA) , X Z Y ER. S
BB ERNEREAR=HXLEY. 2ARR
SHERTE.EEBWNHER.Z2LHEET 26 48 70
EHRAEY P NEEHE X . EE. AL
FEMNE OB . CATFERPEPHTRARERY.
RKEMHIREZA BERRF ENARERMNE
BERAYEE, R EAES R 5 5 E LR ALK
AERANTE T ECEL2BAESAXENEHESY
HO, RS R R RERNED R A
BEARS), O BRI g 8 2, i EL L FE R o TRk 4% 53
MRV EOHFAREE. Mo O RS R
FERC BELRAREE EEENRBRBAR
ZRAZYBREO EERE . RETHYH LY R
FREMR B h¥ETRH. Caco-2 HPARETFTA
HEHARBAR, HEWNAEMERALENT AN
LEYAR.SHEE/MNaRMRE LEHXNEERE
DAR—RY ., f TAHYED Caco-2 MRAE
MEEBEORAYEHERKE RFHHEX
Y B, EAE K Caco-2 WM EENLEYRIAD
R 5 7 0 4 Y P B 9 25 0 B R M A A S R O
WIMEET ZRAY ., AR RA Caco-2 41/
BEMHRBEERNBENHE, FTHBRERE
Caco-2 41 iy 2 22 88 B i) S [ %% 38 %% 1iE , 3 % £ i}
B.ZAYEE . ERRBEUREHRNRK pH HX
Caco-2 ZIMRBBMARBE R, AEBRBRERO
REDHAERNER,

1 ME5RE

1.1 #@5EM.DMEM #EHERELTFEER
(NEAA) ¥ 8B Gibco 24 5); o4 117§ (FBS) W F
LN M B FAE LA E B, 0.25% M-
1 mmol/L EDTA ¥ . ERLIAK A Sigma /=& 5
BREBRBTHAHGERAT:EBEWTIAR
REGWBRBERAF. BREBRHILEAEEFEXKE
MIBFRBORE, RRIRA R 99.8%., H#¥,

ZIER B K Ak, iR At a.
1.2 X8R5 .T-75 MMTIFM. 24 LIEFK.
6 FLEEBREEME Transwell 3% /¥ H £ HE Corning
Costar 4], CKX—41 R B FZBME (&
Olympus) ; EVOM AARE ML (£E WPD ;BP61S
Bl F K (f8E Sartorius) ; KA—1000 HEXE
LHLE LJIX— 1B MEEHLH (EBEEREN
2817 3550 BYR§HR{Y (¥ H Bio-RAD 2 &]) ; Cyber-
scan PH510 BB (i3 Eutech 248 B M
HEE N (AExS5BAF);SANYO BEBKHE
(BAZHAFD;GS—15R MEEBHRB O (£
Beckman 22 8]).,

1.3 #ifE#k.Caco-2 ik E TXERBEF
% # B .[> (American Type Culture Collection,
ATCO) , LR AT AR T R 30~50 R,

1.4 #MEEE3E:Caco-2 ML S T BB DMEM #%
FW (& 10% FBS,1% NEAA. 1% L-BF &M,
100 U/mL #BH 100 ug/mL HER) th, BHT
T-75 HFMLBETF 37 C.& 5% CO,.90% A
BERGTREFRAPHTES. RAKK 1K, Y
MR A3k 90% JE, M 37 C Bk 0.25% BE
HA&8-1 mmol/L EDTA HALB#THULER. B
Xt ¥ K B R AR B, RV BE D 8 X104/ mL Befp
F 6 L. Transwell ¥ F, M (Apical, AP) %
FW 1.5 mL, 2K M (Basolateral, BL) fi1 2. 6 mL
BRE. RXEB 1K1 AREBXLBH . BRE
21~24 d FRFAMIEFREBERL L. 208
EAREREENLER . HTHTXER.

1.5 @K MaMERIZHHE-0.01% BM (86 :
1), & BH#E 1. 0 mL/min; 54 : Diamonsil C;;
H (150 mmX4. 6 mm, 5 pm); G W PF 4 :210 nm;
AUFS:0.015; B .=l .

1.6 FMLE -BREREILT  SLMWA 1.0mL
HBSS, BT —80 C @RR KA+ R E IR 4 KL



¥ %% Chinese Traditional and Herbal Drugs % 40 %48 12 % 2009 5 12 A

+ 1937 -

BN, 4 A B PR W A EP & 14 500 r/min
B> 10 min, BUEH W 400 pL BIA 2 mL EC 5-
FHRE (95: 5 RERE 3 min,3 500 r/min B>
10 min, RERHPMTF 50 C BKRET . REY 80
pL B EEEMS 14 500 r/min B4 5 min, L EHER
20 uL #47 HPLC 447

L7 MTT 360 40 0 76 o - B 804 31 Caco-2
MM, FBEARBEEZS 1X10°4/mL, §H.0 200
pL B R T 96 FLIEEFRMRIE5F 24 h FHk
BERAMA T RRRKRE S5 10,20,30,40,
60.80 pmol/L HyLEFRHE, A MEH R & 40 ML oy B 4 %t
RAURAMALARET AH RmMEHR®R, SHI
SR, BEEH 24 h B, BILMA 5 mg/mL
MTT 20 pL, B 353F 4 h ERALNERE, S
hn 150 pL DMSO %3, % 96 FLRE T REE K18
BiRGE$, LUIFER 50 r/min #&F 10 min, 78§
AL EEEEK 570 nm &, AT ME S
BABEE FHAREERE (FEE=TRABRN
BE 1B/ % R R 6 BE{B X 10000) ,

1.8 H|EURR B A KM Caco-2 41T, A%
MPEE R 1 X104 /mL, E#T 24 FLEEHFKR L,
B EARERRERERY UWdE, TELRA 2 h
ZRBFIHEEFRE, MABIAA HBSS 1.0 mL %
VUM 3 K. BIE—KET 37 C EHFABEE 30
min 5,28 % 3 HBSS B . R EHARE S FE
REZXBEHUBMABRTHARAER, 84 FARRK
ABEER, R E AYRE ERBERERN
B pH HMAYBRBRME R, ARERSHYIR 4
MEA,EHERRF S HBSS 5. A 4 °C &
HBSS %% 3 K. BJGMA 1.0 mL HBSS,—80 C
B IR VKA SRR VR R 4 WK AR A0 40 M
W#BA EP % 14 500 r/min B.[ 10 min, B L §
¥ 400 pL, ¥ 1.6 Fi#4ES5, HPLC M8 Caco-2
HMEPBERMNE, B 200 L LEBRATED
R EEAREA TR, Caco-2 MM BBRERIIE
BEUBREAMNNNBRRNYEMNERR.
L9 #EHAR-BMHFEHEBEERY Caco-2 HHE
BL,ERE 2 h AN HBSS Hik4dKH Caco-2
MK Transwell R 3K, G 1 KRBT 37 C #
FAEPRE 30 min, ZVBF AR ELD T2
REMRFFUPABRARARAZE, WaFtiE
EHEMHEKXEX T AP—>BL %32, %% 40 pmol/L
BB Ay HBSS (pH 6.5) 1.5 mL B4 100 ymol/
L #Ehimfk ey HBSS (pH 7.4) 2.6 mL %l AP i

fEXN Bt M, R et BL @ifnA 2.6 mL 5 3 HBSS
(pH 7. 4) & 100 pmol/L 4 Hi 1Ak 9 HBSS
(pH 6.5) BEW 1.5 mL fERRN; R#, % F BL
—AP #32, % & 40 pmol/L M KE R MK HBSS
(pH 6.5) 2.6 mL B 40 umol/L B M A 100
pmol/L #ERIBAK K HBSS (pH 6.5) BREW 2.6
mL f0E BL fU/E4LML,AP iMA 1.5 mlL B H
HBSS (pH 7. 4) 3 & 100 pmol/L #k it %K M
HBSS (pH7.4) 1.5 mL fENZM, BHEZEE
Transwell TM #88 T 37 C .5 5% % 50 r/min B
EESERRGSHTHRET.AHT 5.10.20.30.40,
60.90 min MWW HBSS #iz M 400 pl., [6) B}
#Mm 400 uL S H HBSS (pH 7. 4), B 411% 3 ¥
L B dn ik Caco-2 4B ML B SE HPLC 447,
HEEZUBERE (P,

110 BMEHERGEI ¥4, P, = (AQ/A1)/
(A+GCo),0Q N7 At Bt RN YIFE R A H KR
MEMEREH 6 FLIRERERN 4.5 o’ ,C, B
RRARMATMEIRE. ZRWBER (apparent per-
meability ratio, PDR) # i} #: PDR = P, u. .nr/
Poprr-u R RA x£s BR AR BERA ¢ RR,
2 &R

2.1 RERMN Caco-2 MMIFBHAR M. MTT &%
R K BT BE SR MR R Caco-2 MR B SR R
1, HREVIEERRRIEEAYM, BRFEREZE
TR, MRS BN, ERN BRI, B
RMWEEAE 10~40 pmol/L B, AR FFIE R
80% LAL, M2 B >40 pmol/L B, 3 4> 40 K WY
HAMEEERAFEEARES S8R E. Bk,
LA 10~40 pmol/L h¥ERBPAHWE.

0,5 = 1
g 8
- 1
gw "
§ 2 ﬂ
0

HE P10 20 30 40 60 80
R MEIRBR/ (mol -L)

5 40 ymol « L' SERE LY. * * P<0.0]
* * P<{0.01 vs 40 pmol + L™! ursolic acid

1 MRBY Caco2 MRFEZFENEW (x1s, n=4)
Fig 1 Effect of UA on survival rate of Caco-2 cells (x+s, n=4)
2.2 R[EIAL 3R R X 40 B 4R AR SRR A B e .
B 2e ] AR R MR VK B 4 40 pmol/L &, Caco-2 4
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KX RE R MR BURZE 0~ 20 min I 3 3% A, 20
min FRELVFEAHEHBTRS., BHER 20
min R U T HYRMBE R P BB R, 7E 20
min ¥ B R 10,20,30,40 pmol/L Y R R B 8
Caco-2 B MBHEHYEKENEMELESR
M AGEVBERBHIAS . ZER0E 3. 2
MEEWE RN 40 pmol/L W RBMAERFRE X
HTHARERIER, & RBAR 4.25.37 C B Ca-
co2 FARMBRMHUBERBHBREL LRAEE
(P>0.05), % Caco-2 4 *f AR R M A SR
BRERAK BREUTERTEFEZBEN
3T C,ERILE 4., MBEEKRR pHEMNS.5 AR
ZE 8.0,40 pmol/L AERMBMEZ W T &, & pH
HNEOMBRER D EGRBES. XERIAFTEIL
FIOEBRBE ARAEUTERPHFANR
pHHHEZE 6.5 £4.

2.3 HiABHER BERE Caco2 IRHAEH
Rp i feiE JEMA P-SE &% R o 3 5 8 2k S on
X5 Haf, W EHTE Caco2 B RER fHiZ
Pnpp&ﬁ PDR’F)TE“ 15 PappBL—-AP—l_‘j PappAp»m.ngﬂlﬁ]
HEAHEBEER (P<0.01), ZHBEME Ca-
co-2 MIRBEHBMPWHZAARABRF M.

#BE/ (1 mol-g")
=

0 20 40 60 80 100
t/min

M2 BfEIX Caco2 AMBMBMMRREMN

(xxs, n=4)
Fig.2 Effect of time on uptake of UA by Caco-2 cells

{(xts, n=4)

>
% 20!
Té 15:L
s IO:r
-3

0 10 20 30 40 50

ERRC /(v mol. L)

B3 MRMREX Caco-2 MMM MR R
KEB (xts, n=4)
Fig.3 Effect of concentration of UA on uptake of UA
by Caco-2 cells (x+s, n=4)
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4 BEX Caco2 MBEMRRHEN (xLs, n=4)
Fig. 4 Effect of temperature on uptake of UA
by Caco-2 cells (x*s, n=4)

30
B 25
)
g 20
215 T
~
: 10 k4
oLl ]
55 6.5 74 8

pHI
5 pH{H 5.5 HE. " * P<0.01
** P<0.01 vs pH value 5.5
B S5 pH{l% Caco2 AMBNMRBEEM (xLs, n=4)
Fig.5 Effect of pH value on uptake of UA

by Caco-2 cells (x+s, n=4)
BN T MAZRWKRE, Y RYE S (AP~
BL) P, 8 -7, 4 /| (BL—~AP) P, &
FrFM .3 PDR fHf 3.445 TREE 1.386, 458N

i 10
£1 MRRE Caco-2 HMKIEN P, PDR i
(xxs, n=3)
Table 1 P,, and PDR values of UA on Caco-2 cells
(xxs, n=3)
c/ Pupp/(X1075 cm» s71)
U s i PDR
(umol+ L1y  AP—BL BL—+~AP
. 29 40 3.7310.65 12.59+0.64 3,445
EEK-SERK  40+100 7.481+1.50 10.18%+0.76 1.386
3 itig

Caco-2 40 BB Y K B 76 25 90 "R W L ) BF 9 o
B @it MTT SR8 RARKEE 10~40 pmol/
L #,Caco-2 AHRMFIHERY KT 80%, HEAR
AREWE HPLC FERBBRAOER, BMERT
40 pmol/L 1 Jg 5L J& 9 9 B I %K B, [R] B B 48 T
HtREMBERESHEW, RIRKHEE KRR
%, B AR R R BE T Caco-2 45 2 HEHX
HERETHISERM ., 76X 8RR EBRBEUE S HLH A
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MEPEINBEREAEHER, EREVKRELE
10~40 pmol/L, MERBRAHFHERAUAR, TE
AEHBBAOTE. WA FEENRETEAN
B8 P ERFFEE, NBshY #Oh FEZENH .
EBRRBEZLRTH Popnr-s 5 Pupiear 18
S, UM ARBHT BAIZRGYNEEREN
#,% PDR {EXTF 1.5, WRRBr# s 5h, AT 8B
REEFHHEY . PREQNZARVRLGEAR
Caco-2 I PR FENKEED WEHRLE
SMERERL B ARARNLESYEREREZE
MM, K PREERR—ME ATP KBiH
MDR #:H M5 MM X 5 FHE R 170 000 # B E
H.2EETHH AP S AR L, BB 259 M i %
BB BRETHA LR, AT 3B 29 %R E R
S, BHMKE P-EEOGEFREMHA, BiE
STRRRENFAERMKFESERNWEREEE
B, HERRVEHRENM AP MAGZRKE B
RERE RIS BT 18 ) Pagoar—e. B8 8 £ T, T H
W H BB Pooppar MH BT FFE,PDR i 3.445 F
ez 1.386,#7x P-RELAIEESS TRRRKNI
HE 3B, BERTER PREANEY . HX
REAZEES Pop-ar KT Popar-a BEEEH
FEEMRARSE—SRIE. FEETRHRER. M
PRABEMREIMEREEIBREUENHE £,
FEFE P-REAN R EHHESSHLRE.
Caco-2 41 a5 Y 4k g 25 9 MR WO BF 5% 1) 4k S0 45
B, R — b f o A9 0 2k T RO, AT DL 2 4
FHRFREIH U RBEREE WA Y BTN
MR, R B GYH HERRBET R
MRTR,. FANGE TREA YN ERE, IEY

MERW. BHIRETEERBEYRBTRI @, H
T ORI 4 o 25 0 B Pk R AR 4 A 0L 58 ok A e
WALRETH Caco2 MMBMBA L DMK
B RA T Z KRR, AR RE
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