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Transport mechanism of lactosyl-norcantharitin and lactosyl-norcantharitin
nanoparticles across Caco-2 monolayer model

GUAN Min, BEI Yong-yan, ZHOU Yi, CHEN Xiao-yan, ZHANG Xue-nong
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Abstract: Objective To study the mechanisms of absorption and transport of lactosyl-norcantharitin (Lac-NCTD) and
lactosyl-norcantharitin nanoparticles (Lac-NCTD-NPs) in intestinal membranes. Methods The Caco-2 cell monolayer model was
used to study the transport mechanism of Lac-NCTD and Lac-NCTD-NPs across the membranes. The relative factors for enhancing the
absorption of drug carriers, including time, temperature, pH value, drug concentration, enhancers, and inhibitors, were also
investigated. The differences between Lac-NCTD and Lac-NCTD-NPs in transport of membranes were explored. Results
Lac-NCTD was not only absorbed simply by active transport but also through paracellular transference as the minor. The Lac-NCTD
uptake was not controlled by pH value, but positively correlated to uptake time and negatively correlated to temperature and it was also
significantly enhanced by the inhibitor of P-glycoprotein (P-gp) and multidrug resistance-associated protein 2 (MRP2). Apparent
permeability coefficients (P,,,) of basolateral (BL) to apical (AP) was higher than that of AP to BL. Sodium deoxycholate (SDCh)
slightly enhanced the drug absorption but oxophenylarsine had no effect. Conclusion The uptake and absorption of Lac-NCTD are
active transport as the dominant process. P-gp and MRP2 have strong efflux effects on the uptake and transepithelial transport of
Lac-NCTD. Lac-NCTD-NPs could significantly enhance the drug absorption compared with Lac-NCTD.
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N T BT R AT R, AT B N AR 2L Lac-
NCTD, |53 i) 44 K ki ( lactosyl-norcantharidin
nanoparticles, Lac-NCTD-NPs), Ifil 8 5 2 AT #E ) |
B DY, ARSIz T (18 ) 25 2538 4 LIRS
2% 18, X} Lac-NCTD K Lac-NCTD-NPs [{J4& &M
WCHEATHFSE . Caco-2 4 A IY B DA Ay A2 JEAT 25 )W
WO IR AP A MY 2 —, 529k A R
UFIIARSRYE, R EBLTE R AR, DRk
ARz R RS2 B 7RIS ] Caco-2 4 Ak
WF57 Lac-NCTD A Lac-NCTD-NPs W sHLEl, 8
WHISFTA] S R pH (. 29 e . WROST I 0 551 S R
WA IR 25 R R R e, SR 290508 b DT ()
GELRTE, RA IR UL ROR B R T A S
TERFEAEIR AR

1wt
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Lac-NCTD (i1 75 M K 2 24 2 e 24 771 2 Bt =
B, Bk 98.43%"), Lac-NCTD-NPs (
TN K ZE 2 B 2 R BT = %), SE BB (T35
FATEE AED an) AHX 31 i 8 000~10 000,
it CBERE 91.2%, FHE 2.95 mPas), —RUFIRHN
(TPP, fh2zali, EHZERNFRAARAFD, 4
R A (fhall, dbnemBi ML TH R A RD,
MK-571 (Sigma 2#]), #HfH#E A (CyA, fEgF
HZNABR A, 5 060801), EAEHERN[H E
Pe2hy (AERD Bilgfb2sil A A n], fitS F20070521],
JRA Mg (bR REFEREARAFD, DMEM
PEREFRHE (Gibeo 21D, BRERFIEE (10250, Kl
oNED, HIIEWA (DMSO, Sigma AF]), BEM
W (MTT). iR 7t E (FITC, Sigma A+]),
7 Uy W W E I iR i s A ) TR
FEHD), R IREAR & ( LR A RAEME ARG
FR/Aw]), pH 7.4 PBS (0.01 mol/L, 8 gNaCl., 0.2 ¢
KCl. 1.44 g Na,HPO4. 0.24 g KH,PO,, XU ZE/KHii ke
4 1000 mL). HAdGRIIA A 5 préti.

1.2 &%

LC—10A =Rt (HPLC) R4t (SPD—
MI0A EAMGI 2% . SCL—10A RGHEHI#S. CTO—
10AS fHiH 4 . CR—10A £di kb3 AL, H A Shimadzu
AF]D, 12 4L Milicell K777k (32[H Millipore Inc),
DDS—I12A 7R A0 G i B2 ),
YO2— 11 M FE A Mk WML (Tt Z AR A
], Elx 808 HHIP Aoy Wil 4% (9 [ Bio Tek A+

1.3 #ffm

TR S5 s 40 Bk Caco-2: M HOK#24%%
Wt 25718 = 44k, SEEGH] 35~50 A4 .

2 HE
2.1 Caco-2 ApiE R pyzE M)

DMEM ;7R3 CEifi): ALHE 10%06 24 135 |
1%AF 0 7 2 LR« 1% AR 1% 2 BRIE AT 1%
TR 2 AEESRAE 75 om® R KRS, BT 37 C
REFRfah, A 5% COy CRHAHESE 90%). 2d #e 1
UHBFRI, B 5 RI% 103 ILBIAEAR. Kran i
50 000/cm’® R0 E 12 FLAN I IR, R EAE 2
R 1R, 1 JasE HH, H5984 15 d, T
Tl P Tl P Pl i PR O, RSB 45 SR P M 24
I AR SR . K AN % 50 000/cm * R A
Millicell i b, R G4 2 R 1k, 1 855 H
B, HiRE 21d, WAEEOLEL>600 Q/cm’® Al
Py 2132538 % <<0.005/h (I T 25 62 S 56
2.2 Lac-NCTD-NPs #|&

et Sk BRI SRR 0.1 g, WRT
0.2%BER/KA T, PRI/, 4 1.2 gL
TPP /K¥ 21 mL AT . 30 CARHHFE 10
min, i 0.45 pm FAALIEIE, RITSEHKK.

2.3 HREE A

¥ Caco-2 NIRRT 96 FLARH, FEfLHE
Fh 50 000 NHE, B 37 C. 5% CO, HF-M 7%
48 h, AN JREKEZR Lac-NCTD K Lac-
NCTD-NPs (5. 10. 25. 50. 100. 200. 400. 500
pg/mL) % 200 pL, BB 3 AFATIL, A4
FUERIPEN I, B R B R L. H59R 2h )5,
FLIIA 5 mg/mL [¥) MTT %59 20 uL, Fi57% 4 h,
By, W2 FIEW, BESLIN DMSO 150 pL,
P de s, FriEg oG, BT
WA 570 nm A EEURERE . #fiE 2595 Caco-2 4l
PP 22 A TR BV
2.4 Lac-NCTD % Lac-NCTD-NPs BJZf RS EY

P 1EFE 15 d 1 Caco-2 4iffe 5 37 °C PBS &2t
VRWAE RS FRAE TP 4 20 min, W2 PBS. ] PBS #if
VEAN Moy T E R4 0. IIAN S Lac-NCTD (1)
PBS % 1 mL, 25l 4y 1R (5. 15, 30 min).
25 R E (100, 250, 400 ug/mL). pH (6.0.
7.4). W (4. 37 C). P-HEEH (P-gp) M£
i} 24540 <8 11 2 (MRP2) $146|1%} Lac-NCTD 4
B, LA WG 4 CZ A PBS iK1k
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N4, 1 0.1 mol/L HCI 1 mL P ¥E4H i 31 EP 45,
R AN M o R AN B 2k 2 4y, il T
& Lac-NCTD A4l g 25 (17K F- o

BHE% 15 d 1) Caco-2 45 37 °C PBS Z&h
WAL F7 46 Th 348 20 min, W2 2200 . JH] PBS
MYy )RR 22 . AP Lac-
NCTD-NPs (250 pg/mL) ¥ 1 mL, 37 C FiH
15 min, SKE045 W5 #AE[R] Lac-NCTD.

FESCHR T V0 SRR AT POt hrin ™, Alse sk
BEI%E b FITC, H FITC #ric 156 50 i £ 7 9 1)
Lac-NCTD-NPs ", HU9% 15 d £5 a4t &
KIEA5EUF I Caco-2 4, SZEGHTH 25 PBS 45
B 37 CHiFRIGE, DRy 1R
Ji . N FITC F5i2 /) Lac-NCTD-NPs ¥ 1 mL,
Sy E 15, 30 min J5, 4 C#¥[ PBS i & L
MMEEI, PRHTEVER R, AR BERILRO
it FH 75%CWE[H 5E 15 min, PBS #ok, %O6%E
B (X500) FWEIEANE .

2.5 Lac-NCTD % Lac-NCTD-NPs 89351z 38

WG Hs &t HaAmERKEETIEN
Millicell i, F PBS ZZ i 37 CHLiy 20 min,
PBS ¥ e 3 3. ] PBS WL Lac-NCTD %
W (100, 250, 400 pg/mL), ZPETBESAH. M
Wl Capical, AP) ZIFEEM (basolateral, BL)
iz K2R 0.5 mL InE AP I4E b ftghit,
[ BL N A %511 PBS 1.5 mL 1F A40cit. M
BL #| AP #iz: ¥ 2590%5 1.5 mL N3] BL MI4E AR
ftehith, 25 (1 PBS ¥ 0.5 mL %) AP Ml A 82
e K Millicell i & #3424 50 t/min (1) 37 CHEIR
Py KA, 43 HIAE 5. 15 304 60+ 120 min WHR
FBGH 0.1 mL, [N 37 “C#3 1 PBS % 0.1
mL . % %< P-gp 17|57 CyA.MRP2 #1517 MK-571.
1 6 P9 A D ) AR AR A B 4 i 5% 8 e is (el ) 2
FUHER AR Lac-NCTD #3254

WA G & Ha R AEKESRSER
Millicell i, F#¥1E PBS %k 37 ‘CHLifr 20 min,
PBS WHVE, 2> BIAE AP IF1 BL 45T Lac-
NCTD-NPs (250 pg/mL), 44 H Lac-NCTD.
2.6 MmO

HPLC % 4c1F: ODS #£ (250 mm X 4.6 mm,
5um, KIEMFIRFATD; Wshih E-pH 3.2 T
PR /K (10 2 90); FARIME 0.8 mL/min; A

25 °C; KK 210 nm; #EFEE 20 pl.

A N B i B i S RS0 15 min (13000
t/min), HU EIEH 20 pL BEFE .
2.7 BIES

FBIBRE (P HHI: Ppy= (dO/dD /
(ACy), Hr do/de by 47 i 6] 25 ) %% 12 &
(ng/mind: A NHEEITHRL BE A 5 1.1 cm?;
Co N Lac-NCTD M4 (pg/mL).
3 %R
3.1 Lac-NCTD ##i/ 509 AL

76 Bk (a3 4F N, Lac-NCTD {5 B I 1] £
5.1 min, FERIEIREE, WTRRYE R LF, ZR RN L
B I E TE T80, 7k kL. Lac-NCTD 7E
0.05~13 pug/mL, 7E25H PBS %S H 41 A) 3% rh
LRPEIC R AT . KPR K 20 ng, ZEETE P RIcR
4 98.99%~102.46%, RSD /T 5%.
3.2 YHREEtE

MTT 55+, Lac-NCTD % Lac-NCTD-NPs 7
50~400 pg/mL I, oW R4 EItT:, KW
Lac-NCTD. Lac-NCTD-NPs £ 50~400 pg/mL %f
Caco-2 4 JL-FIortE E- o LA SEse R I 24
W) PRI B 2 e A
3.3 YHAEIRER
3.3.1  Lac-NCTD #4i Md £ B &t 5 B 0] (1 ¢ &R
Caco-2 ZHJfix}f 250 pg/mL. pH 7.4 [£] Lac-NCTD f{]
PRHCEAE 30 min P BESEUN (AL I (R°=
0.817),5.15.30 min I} Caco-2 4l fg %} Lac-NCTD
B B i 4 ) o (0.41+0.02). (0.80+£0.15).
(1.08£0.09) mg/g (n=3)., KILLELLT R
SEEG A, IR 2 4 15 min.
3.3.2 Lac-NCTD 40 Jid £t B & 55 Jot & 9K B2 1) 5K &R
100, 250, 400 pg/mL Lac-NCTD ¥ (pH 7.4) 4l
R0 (0.5540.08), (0.8040.15), (0.83+
0.07) mg/g (n=3). &5F KW Lac-NCTD 1t 100~
400 pg/mL, 3 Caco-2 4 [ Fk M e B ot 5 ok 52 1) 38
AT RATES, R*=0.675,
3.3.3 Lac-NCTD e 5/ i pH HIM KR
53 AE pH fH4 6.0.7.4 1) PBS /)i, il %€ Caco-2
A% 250 pg/mL Lac-NCTD FIHLICE, 40 i feii
4 (0.8240.23), (0.80+0.15) mg/g (n=3).
AN pH 4 F4iuXt Lac-NCTD (3R TS
TR (P>0.05). HUILAT%] Lac-NCTD 41 Jiu £k
IANSZ Ay I pH AELIKI 20 o PRI AS S 56 A 511 pHL
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3.3.4 Lac-NCTD 4ifufdia SRR 2l
EEAE 4, 37 CHAF R, Caco-2 4 HaX} 250 pg/mL
Lac-NCTD ¥R . 4 ks 70 (1.35+
0.13). (0.80+0.15) mg/g (n=3). FKHIZ5WIH4
OB A7 05 B (), AR T, BRI SO n.

3.3.5 Lac-NCTD 4l Jiu £ & 5 £ il ) (1 o6 &
#:5% P-gp I CyA (20 pmol/L) A1 MRP2 14
# MK-571 (50 pmol/L) X} 250 pg/mL Lac-NCTD
PRI e, 25 LK 1. SRAEIR R
FHEINZ Y A M B . U 25 ) A R nT
A2 5 P-gp 1 MRP2 HIAMIEVERT, InAF0HIF S »
PO T AR SR, SN T 2 A B, I
H MK-571 FI/E 3% .

3.0 7
25 4

2.0 A

%W%/(mgg‘l)

Lac-NCTD MK-571 CyA

1 MK-571 #1 CyA 3% Caco-2 REZAHIEIERIZ M
(xts,n=3)
Fig. 1 Effect of MK-571 and CyA on Caco-2 cell uptake

(xts,n=3)

3.3.6 Lac-NCTD-NPs 5 Lac-NCTD 41 Jfd # H 5 (1)
Ebi  Caco-2 #iJfuX} 250 pg/mL Lac-NCTD-NPs L
Lac-NCTD Iy it Bt & 4> 7 & ( 1.54£0.32)
(0.80£0.15) mg/g.

3.3.7 FH FITC #rid 8 & R EE Caco-2 4
Lac-NCTD-NPs ¥ H1& 2 o] W, ¥ F 15 min
N, RN Z R A MBI LT, A /D
ANAHHE . 30 min B, 4 A 0 O L SR 2 IR ¢
I, A M EEANGKRIIE 2 o N SRR L b i,
FIAME /R T Caco-2 i Lac-NCTD-NPs )il 2.
3.4 YHAEERIE

34.1 Lac-NCTD 4 Jfd %3z 5 ot & K B2 1) Ok &
Caco-2 4 FiLJZ AR, WEAIK, (100, 250,
400 pg/mL) 3 N FUE K Lac-NCTD #5410 fifg . J2 i
iz, iR NE 1.

15 min 30 min

2 F[ERFET FITC #7128 Lac-NCTD-NPs £ Caco-2
HAEREER
Fig. 2 Fluorescence micrographs of uptake of Lac-NCTD-
NPs-FITC by Caco-2 cells in different times

£ 1 AEBRERE Lac-NCTD £ Caco-2 HHEE5EH P,y
(x+s,n=3)
Table 1 P,,, of Lac-NCTD at different concentrations

in Caco-2 cells (xts,n=3)

Pypp/(X 10 °cmrs™")

p/ (Hg‘mLil) APBL BLOAP PappBL—aprY Papp(Ap—BL)
100 3.29+1.24 6.2840.97 1.91
250 3.67+0.68 6.76+1.12 1.85
400 3.34+1.06 4.58+0.35 1.37

3.42 Lac-NCTD 4 Jfd e ia 55 S HE I 19 R
%57 Lac-NCTD (250 pg/mL) RIS CyA F1
MK-571 J&, Pappap—BLyM PappeL—ap) RS HL
Kl 3. M CyA J5, Lac-NCTD [ Pappar—nrttiAs
1M Papparoary2/PNs TN MK-571 J5, Pappar—nr) i
FHI, Papperoapr2EARANE
3.43 Lac-NCTD 40 fiiu%% iz 5 40 o o A4 il 71 A 5
SRR a2 RN I A A il 77
AT (25 mmol/L) BRAH Y 55 B e ia (i ik 71 24
JHEREH (100 mmol/L), Paypar—nr)EILEE R LK 4,
10 7

] AP—BL

EEE] BLoAP

Papp/ (X 10 °cms ™)

Lac-NCTD MK-571 CyA

3 CyA #1 MK-571 3F Lac-NCTD #53izR9500
(xts,n=3)
Fig. 3 Effect of CyA and MK-571 on transport
of Lac-NCTD (x+s,n=3)
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20 0 5% S e Az R 0 2 AU IE PR AN (I ik 24 ) A 1R A
MBI S (P<0.05), WA AR Ao
BN (P>0.05), 5 Lac-NCTD ML 4
I ER.

3.4.4 Lac-NCTD-NPs 4ifgf%iz 250 pg/mL (¥
Lac-NCTD-NPs 5 [7] 5T &8 Z 1) Lac-NCTD [1)#%
BRI ILE 2.

W

Pappap—bry / (X 10 %cm's ™)

Lac-NCTD EERi® R LAY

4 FUERMFAEFBEE X Lac-NCTD 25z 89 208
(x+s,n=3)
Fig. 4 Effect of oxophenylarsine and SDCh on transport
of Lac-NCTD (x+s,n=3)

2 Lac-NCTD #A Lac-NCTD-NPs 7£ Caco-2 {5 E
IiER Pyy(xts,n=3)
Table 2 P,,, of Lac-NCTD and Lac-NCTD-NPs
on Caco-2 cell monolayers (x+s,n=3)

Prp/(X 107 %cm:s™)

il il AP_BL BLoAD PioppBL-APY Papp(ap—BL)
Lac:NCTD  3.67+0.68 6.76+1.12 1.85
Lac-NCTD-NPs 5.384+0.23 6.01 0.45 1.11
4 itig

ARSI R H] Caco-2 A U AL 5T T Lac-NCTD
JILGAKRLLS 2 RG R TEI Heiz LI m R 3R
it 57 26 1 Caco-2 41l i X Lac-NCTD HEE A AR &
MRS, HEW Lac-NCTD W I R] Be A7 7E 3 8 i
1z Lac-NCTD HHAZ# K pH E I 520,
{HAZ R FERI e o ARG T, IR SO sg i, HE
AT ST AR (A HE b 2 i e = 4 L, A%
W REE AR, —E A B T AMEE AW
M.

U TINS5 259 W 3 B RN 431k
MR E O & - REOBRE, BT P-gp U
Ah, AT MRP2 85 KA M) BURGE S DI RE, 520
BP0 i E R, T IX P RN R 1 7E Caco-2 40 |
BT Ik, AETT R N R R,

%L T Lac-NCTD 5 P-gp Ml MRP2 (4 EAEH
W9t 4 B R, Lac-NCTD 7R, s iz
B WA M AL FEER, 78 CyA Fl MK-571
ERF, Lac-NCTD 1) Pappar—sryd aliEm T 1.41
F12.29 fi5. P-gp Al MRP2 #{50 A4 AP ([ 4H Jfa fi
DTS {18 Lac-NCTD 5 b M HE T, 524
VIR o3 WA B KT B o TR MIRIR BER, Ak
HB AR LI H B AN ER] s R BER, A
FABRT,  Popirary/Papparsy 1.91 RS 137, #
FRAMHER 1, MRP2 X1 259 1 A R 5 B
ZEE TN ] MDCK-MRP2 2541 A 55 7 ek —
KA o

TEN RIS ERE 5, 40 5% Bk s e ik
LA MR L B i s I E LB . (P<
0.05), PEHIFIEM IR I LT ICwm (P>
0.05). i Lac-NCTD [1)#iz ik B - AR ] 5 (1 = 5
WeIs, IEAFAE— /N o) 28 0 i [ ) 5% 2 EA T
s, MHNEIFAGE. X— OB ES
Lac-NCTD [W#ALE )&, Lac-NCTD A /K¥#
N FAED, N TG, 55Tz
2 WL s 7 A

YRR R AR, (R B U i
Lac-NCTD-NPs [HEHUEE « Pappar— syt HUAH R BT
W Lac-NCTD PR AR ZER, $7R e B4
KBEHNFRA R T 25D i e die . — 7 mml se 1
YPPERRLRRIBUR, /-8 R4F, 5 Caco-2 4 Mu)
SRANJSE I 53— 7 RS SEME AR 5 2 R4
fRHEFR, B RERIAAT S IR XU5) 7 2 I A HE A
DAH A AR g Kok 2 5, Woedsdin . JoH g
HH PR 2 A PR R ) 2R R X ) e 3 SR b, A KOk )
PappBL—AP) EE Pappap—BLE K5 PappBL—>APY Papp(AP—BL)
A Lac-NCTD (1) Pypp@rL—apy Pappar—sr) 67.3%,
HIHEN 2y 2 e SR LB 2 o, 03 LAANKRE i
RiTHz, W TAMEEANERN, HERHIZE
i

DL SR 2 Ak, (2E Lac-NCTD il a2y
ARG RIS I BRI s 5, O Tk
PAFE = AEPAI L, 2Tt Lac-NCTD 1 Ji il 771)
Ab T, 38 R 2 RN AR s ik S i A E R R
()5 o
S 30k
(1] Z&d, TR &KW, & ZPHEZETI HL-60

i a 2 M ) 350 2 LRI (3], Thgdy, 2010, 41(8):
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