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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

Department of Pharmaceutics, School of Pharmaceutical Science, Soochow University, Suzhou 215123, China

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, #4531 44 K ki ( lactosyl-norcantharidin
nanoparticles, Lac-NCTD-NPs), Ifil & 5 H A # ) |
BRI DY, ARSIz T (18 ) 25 2538 42 L IRER
2% 18, X} Lac-NCTD K Lac-NCTD-NPs [1J4& &M
WCHEAT IS . Caco-2 4 MR B4 A by S AT 25
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UF AN SCE, Hgs B EBLM /R BEAR, DR b o [
Az R, RS2 B 7RIS ] Caco-2 i Ak
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WA IR 25 )5, A 25 L AT
GELRTE, IRARINIERE UL ORI R T A S
TR FEAEHIR AR
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1.1 AR5

Lac-NCTD  CH 7 N K 27 24 27 5t 24 771) 2% B0 =6
B TR ECh 98.43%'), Lac-NCTD-NPs ( H
TN K 2E 2 B 2 R BT = %), SR BB (V9%
FAIEE AEDH an) AHXS 3 i 8 000~10 000,
B 2R 91.2%, ZhFE 2.95 mPas), — RN
(TPP, fh2ali, HEEBNAFARAFD, 4
RGN (faall, dbateg Bl RHL TH R A FD,
MK-571 (Sigma 2A#]), Hfi#E A (CyA, tEgFl
HPNABR AT, S 060801), EEMHERN[ E
Behy (BEHD Bl A n], #it'5 F20070521],
JEZE G (R R EEREAR AR ), DMEM &
PR AL (Gibeo 2w]), BREZFIEE (10250, KL
N, THILWHK (DMSO, Sigma A7), WBEME
W (MTT). iR >¢tE (FITC, Sigma A +)),
7 Uy M W E I iR B (i s A ) TR
T, BRPEBFREHAN & ( LR 2 RAEEARH
B2, pH 7.4 PBS (0.01 mol/L, 8 gNaCl. 0.2 g
KCI. 1.44 g Na,HPO,4. 0.24 g KH,PO,, X FE/KHikE
21000 mL). ARG A 7 Afral
1.2 &

LC—10A =Rt (HPLC) R4 (SPD—
MI10A 24 Ma M EE. SCL—10A RZiHH#s. CTO—
10AS fHi#H 4 . CR—10A £di kb3 AL, H A Shimadzu
2w, 12 4L Milicell #5378 (3 [H Millipore Inc),
DDS—12A 7R A0 G i B2 ),
YO2— 1T B FE P A Mk WL C T8t Z AR A
], Elx 808 M Aoy Wil 3 (9 [H Bio Tek A+

1.3 4HAm

TR 5 s 40 Bk Caco-2: M HOK#242%
W25 I = e, SEUGH] 35~50 A4 L.

2 FHiE
2.1 Caco-2 pmiE R pyzE V)

DMEM R 7R3 CEibli): ALHE 10%06 2 13 |
1%AF 0 7 2 LR 1% AR 1% 2 BRIE AT 1%
TG 2 AN 75 em® R RIS, B 137 C
REFefah, WA 5% COy CRHAHEIE 90%). 2.d #e 1
WRESEWR, B 5 KA 103 IHLEEAS. Kan iz
50 000/cm” R0 E 12 FLAI I FRIRT, R s AE 2
R 1R, 1 JERE e, H5984 15 d, T
TRl P P Bl T P SO, RIS 25 SR PR T T 24
PO AR SR . K AN A% 50 000/cm * R A
Millicell i b, R G4 2 R 1k, 1 a5 H
B, HiRE 21d, WEEBEELI>600 Q/cm’® Al
Py 213253 % <<0.005/h [ T 25 58 S5
2.2 Lac-NCTD-NPs #l&

et Sk BRI BB 0.1 g, WRT
0.2%BE R /KW, I WH R, % 1.2 g/L
TPP /K¥ 21 mL AT . 30 CARMHHE 10
min, 1 0.45 pm FUFLIEME, RIFSARAL.

2.3 HREE AR

¥ Caco-2 4IMIEMHERN T 96 fLE T, BEALEE
Fl 50 000 NI, & 37 C. 5% CO, B F-46 85 57
48 h, AN REK N Lac-NCTD K Lac-
NCTD-NPs (5. 10. 25. 50. 100. 200. 400. 500
ug/mL) 4% 200 pL, FELB 3 ANFATIL, NG
FUERIEXS IR, BER B R AL, ¥R 2h )5,
LA 5 mg/mL 1] MTT ¥ 20 L, 35555 4 h,
B, A FIEW, BELINA DMSO 150 pL, fil&
Py, FrlE s o ewmE, MR UE
P 570 nm AbEEH RS o B E 2905 Caco-2 4
PP 2 4 A TR BV
2.4 Lac-NCTD % Lac-NCTD-NPs BJZfREIEEX

B EEFE 15 d 1 Caco-2 4B 37 °C PBS 22
WRAE R IRAA TP 354 20 min, We2: PBS. H] PBS 7'
Ve oy 1 2R A2 0. I 7 Lac-NCTD [1)
PBS % 1 mL, 4525 %2mf[E] (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 (1 2 (MRP2) $14|#1%} Lac-NCTD 4
B, S AE WS 4 CZH PBS &1L
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N4, 0.1 mol/L HCI 1 mL #h¥E4H iy 31 EP 45+,
R A M o R R A B 2k 2 4y, il T
5E Lac-NCTD F4f il 25 (4 7K 1 o

BHE9% 15 d 1) Caco-2 45 37 °C PBS &
WIRAE B F7 46 Th 34 20 min, W2 2200 . ] PBS
MOYEA MRy TR R M A . A F Lac-
NCTD-NPs (250 pg/mL) %% 1 mL, 37 ‘C N &
15 min, SEEG4S5 W5 #AE[R] Lac-NCTD.

SRR T V0 R AT Pt Alse sk
BEI%E b FITC, F FITC #ric 156 50 il £ 7 9 1)
Lac-NCTD-NPs ", HU9% 15 d £5 &g, &
KIEA5EUF I Caco-2 4, SZEGHTH 25 PBS 45
B 37 CHiFRG, Yekgisn T ERImM AR
Jito I\ FITC $51 () Lac-NCTD-NPs ¥ 1 mL,
Sy 150 30 min J5, 4 C#¥[1 PBS iR & L
MMaEER, PRBIEVER TR, AR BEBRERO
Kitho i 75% B2 %E 15 min, PBS #hk, %65
s (X500 FUEHENNE DL
2.5 Lac-NCTD % Lac-NCTD-NPs 89351z i858

WG s &t HamERKEETIEN
Millicell i, F PBS ZZ i 37 CHLiy 20 min,
PBS #MYE 3 i . 1] PBS WAL Lac-NCTD %
W (100, 250 400 pg/mL), ZyEdRRE %M. M
Wl Capical, AP) ZIFELIEM (basolateral, BL)
IS K Z5YIVEIR 0.5 mL N3 AP MU1E A ks,
[ BL M4 PBS 1.5 mL /A8t M
BL #| AP #iz: ¥ 2590%5 1.5 mL i 2] BL M1E AR
ftehith, 25 (1 PBS %V 0.5 mL N3 AP 4 A2
o K Millicell i & #3404 50 t/min (1) 37 CHEIR
P KA, 43 IAE 5. 152 304 60+ 120 min WZHL
Pl 0.1 mL, [RIES£MIN 37 “C 451 PBS % 0.1
mL . % %% P-gp 1|5 CyA.MRP2 #ll|7] MK-571.
0 6 P A R AR A AR A B 40 B 5% 1 A i (i k7 2
FAUHEA XS Lac-NCTD #3254 0 o

WHAGHELANTHMBERKREEEITN
Millicell i, F=% 1 PBS % 37 ‘CAL# 20 min,
PBS WL, 2> BIAE AP IF1 BL 45T Lac-
NCTD-NPs (250 pg/mL), JL43#fFE R Lac-NCTD.
2.6 TSmO

HPLC i 4fF: ODS A (250 mmX4.6 mm,
5um, KIEMFFAED; WshiHl ZE-pH 3.2 T
B /K (10 2 90); FARIE 0.8 mL/min; A

25 °C; KK 210 nm; #EFEE 20 pL.

VA H B da B i S B0 15 min (13000
t/min), HUEIEW 20 pL EFE .
27 BEESH

FBIBRE (P HHI: Ppy= (dO/dD /
(ACy), o do/de by 47 i (6] 25 ) %% 12 &
(ng/mind: A NEASEITHRL BE A 4 1.1 cm?;
Co 4 Lac-NCTD IR (pg/mL).
3 %R
3.1 Lac-NCTD #4750

76 Bk 4 F N, Lac-NCTD ¥4 B I ] £
5.1 min, FERIEREL, XTRRTE RLF, 290N AL
BN E T30, 7k T JETELF . Lac-NCTD 7E
0.05~13 pg/mL, {EZ5 A PBS F125 (40 il 5 22
LRI R KA. KPR K 20 ng, ZEEE A IR
7 98.99%~102.46%, RSD /NT 5%.
3.2 ‘ApaEtE

MTT 525+, Lac-NCTD %, Lac-NCTD-NPs 7
50~400 pg/mL I, JCWI R K40 str:, KW
Lac-NCTD. Lac-NCTD-NPs 7E 50~400 pg/mL X%}
Caco-2 4 JL-FICaEtE/E - o BL R Ses R A 1) 2
Yo A
33 AR
3.3.1  Lac-NCTD 4fl Md 4 HL & 55 i ) (1) ¢ &
Caco-2 Zi i %} 250 ug/mL. pH 7.4 [£] Lac-NCTD [¥]
PRHURAE 30 min P REERECN AT AL MR I (RP=
0.817),5.15.30 min I} Caco-2 4l fg %} Lac-NCTD
B B i 40 ) o (0.41+0.02). (0.80+0.15).
(1.08£0.09) mg/g (n=3), KILLELLT 5 HREL
SEEG A, IR 2 4 15 min.
3.3.2 Lac-NCTD 4 il $ek B & 55 ot & B2 1) Ok &
100, 250, 400 pg/mL Lac-NCTD ¥ (pH 7.4) 4ilJil
BHCGEh (0.5540.08). (0.8040.15), (0.83+
0.07) mg/g (n=3). 4R KW Lac-NCTD 7& 100~
400 pg/mL, 3 Caco-2 4 B H i bl ot i B (1) 44
IATRATES, R*=0.675,
3.3.3 Lac-NCTD #HJfufsi e 5/ i pH HIM KR
53 WAE pH {H4 6.0.7.4 (1) PBS /)i, il %€ Caco-2
A%} 250 pg/mL Lac-NCTD FIELICE, 40 i feeii
4 (0.8240.23), (0.80+0.15) mg/g (n=3).
AN pH E £1F R et Lac-NCTD (K3 HU RTS8
TR (P>0.05). HUILAT%] Lac-NCTD 41 Jiu £k
HUANSZ A 5 pH B IRI52 0 o DR A 5256 A 511 pH
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3.3.4 Lac-NCTD 4ifutdia SRR 2l
HEEE 4, 37 C4AFF, Caco-2 41figXt 250 ug/mL
Lac-NCTD [ . 40ftdiEsrmh (1.35+
0.13). (0.80+0.15) mg/g (n=3). FKHIZ5WIK4H
MBI 2 P e, IR T, BRSO n .
3.3.5 Lac-NCTD 4l Jiu £l 5 £ il 1) 56 &
#:%% P-gp FHIF] CyA (20 pmol/L) F1 MRP2 #i]
# MK-571 (50 pmol/L) X} 250 pg/mL Lac-NCTD
A PR R e, 25 LK 1. SR IIEIR R B
FHEINZY A1 M B . U 254 1) A PR nT
e 2] P-gp 1 MRP2 [ANEEVERT, IO AFIHIF
T AMHEERE SRR, SN T i dn B, I
H MK-571 FI/EF 23 .

3.0 7
25 4

2.0 A

%W%/(mgg‘l)

Lac-NCTD MK-571 CyA

1 MK-571 #1 CyA 3% Caco-2 REZAHIEIERIE 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 Jfl #5 B 5 (1)
Ebi  Caco-2 #iJfuX} 250 pg/mL Lac-NCTD-NPs L
Lac-NCTD ) it B¢ & 4> ) & ( 1.54£0.32)
(0.80£0.15) mg/g.

3.3.7 FH FITC #rid s & R EE Caco-2 4 il
Lac-NCTD-NPs [{4H  #HIE 2 AT WL, 5 F 15 min
I, N2 A MBI R T, A Dok
ANGHHI N 30 min B, 4 N O L SR 2L IR 9¢
I, AN GKRIIG 2 o N S ARId I T,
HIAME /R T Caco-2 #EHL Lac-NCTD-NPs [f1id f# .
3.4 YHAAEEIE

34.1 Lac-NCTD 4l i %3z 55 i & WK B 1 ¢ &
Caco-2 4 g FiJZ A8, WEAIG, . i (100, 250
400 pg/mL) 3 N EKE Lac-NCTD 441 Jifg ¥ 2 )i
iz, ZRNE 1.

30 min

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

15 min

£ 1 AERERE Lac-NCTD £ Caco-2 LHRE5ERH 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 PoppBL—aprY Papp(Ap—BL)
100 3.29+1.24 6.28+0.97 1.91
250 3.67+0.68 6.76+1.12 1.85
400 3.34+1.06 4.58+0.35 1.37

342 Lac-NCTD A Jfd e ia 55 S HE 15 15
257 Lac-NCTD (250 pg/mL) [F[EBIIA CyA F1
MK-571 J&, Pappap—siy PappiL—ap) AL R I
Kl 3. MM CyA Ji, Lac-NCTD [ Pappar—nrttiAs
1M Papparoary2/PNs TN MK-571 J5, Pappar—br) i
FHIM, PappLoar AR AL
3.43 Lac-NCTD 40 fiiu%% iz 5 40 o o3 A4 il 71 R 5%
B EERIOR R 4 25 B RIS N P 4 7
AT (25 mmol/L) BRAH i 55 B e ia (i ik 1) 224
JEEZSN (100 mmol/L), Papp(APﬁBL)ngﬁ/f”t%%y_lL@ 4,
10 1

] AP—BL
EZEE BL-AP

Papp/ (X 10 °cms ™)

Lac-NCTD MK-571 CyA

3 CyA #1 MK-571 %F Lac-NCTD %53z R9500
(x+s,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
MBS (P<0.05), &I
BRmEN (P>0.05), 5 Lac-NCTD ML 4
HEER.

3.44 Lac-NCTD-NPs 4 fif%iz 250 pg/mL I
Lac-NCTD-NPs 5 [7] 5T i 1) Lac-NCTD [1)#%
BRI ILE 2.

W

Pappap—bry / (X 10 %cm's ™)

Lac-NCTD e R LAY

4 FUERMFANEFBE X Lac-NCTD 5z 8920
(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 i Z
iER Pypy(xts,n=3)
Table 2 P,,, of Lac-NCTD and Lac-NCTD-NPs
on Caco-2 cell monolayers (x+s,n=3)

Pp/(X 107 %cm:s™)

il il AP_BL BLoAD PoppBL-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 Caco-2 4 U AL 5T T Lac-NCTD
NGRS 2] RGN iz LI R 3R
T E 0 Caco-2 41 X4 Lac-NCTD 45 A7 AR [
WAIELS:, HED Lac-NCTD WL ] A7 AE - 5h
123 s Lac-NCTD A2 pH A 5200,
{AAZUR FEI e o ARMEL T, FEHCE SO sg i, HE
AT AE T AR (o 2 i g e 4 L, A%
W RER A, e R B T AMEE AW
M.

TR ORI S 5 259 I ) RN 431
MR EA & - REABRE, BT P-gp U
Ak, A MRP2 G5 RIS ) BFHE L K D RE, 5%
B R, T IX P RN 1 AE Caco-2 40 |
BT 2L Rk, ASHTSE R N R SR, (R

%L T Lac-NCTD 5 P-gp Fil MRP2 [¥4H EAEH
Wt 4 B R, Lac-NCTD 7R, g bz
X PRSI A AL FEEH, 75 CyA F1 MK-571
ERF, Lac-NCTD 1) Pappar—sryd aliEm T 1.41
H12.29 1%, P-gp K1 MRP2 #5045 7E AP Il [ 41 Jfa fi5e
DTS {18 Lac-NCTD 5 b M HE T, {4524
VIR o3 WA FE K TR B o FE 29 MIRIR BER, Ak
HEB AR LI H B AN E R BRI, A
FAERT,  Popirary/Papparsy 1.91 RS 137, #
FRANEE 1, MRP2 XF T 254 ) AMHERR Ay 5k 51
2 T E N ] MDCK-MRP2 2% 41 Jf # 7 fif gk —
WRIE

TEN RIS R IE 58, 40 5% Bk i s e ik
LA MR L B i s M E LS. (P<
0.05), WEHIFIEM IR I LT ICwm (P>
0.05). 1] Lac-NCTD 1)z ik B Jf- AR ] 5 (1 £ 5
eIz, IEAFAE — /N o) 2 )8 0 i [ 1) 55 2 EA T
g, MWNEIFAGFE. X—AENBES
Lac-NCTD [WEALYEFY) &, Lac-NCTD A 7Ktk
RN TSR, TR EY), Afsikikies
S LI s 7 K

YRR RS TR, AR 40 R R iz
Lac-NCTD-NPs [J4EHE  Poppiar—sryd HOAH )T
WRE Lac-NCTD IR VAR 2K, $en e bk an
KL )T 25 ) 0 40 Bl . — D5 Thi e T
YRR RPN, 78k R4F, 5 Caco-2 4 i)
SERUIREIN . 53— U7 T e SRR AR 5 2 R A IRl
fRHEFR, B RERBIRAT S X002 I A HE A1
DAL BRI SR 2 5, Weosin. JeIL s
HH PR i A PR R ) 28 R X ) e 3 SR, A KOk )
PappBLAP) EE Pappap—BLIE K s PappL—>aPY Papp(AP—BL)
A Lac-NCTD (1) Pyppr—apy Pappar—sr) 67.3%,
HHUEHE ) 2 e SRR 5, 05 LAARK L iR
MG, W T AMEE A MRS, HEEEE
P o

DL SR Ak, (02E Lac-NCTD il gl K2y
AR R RIS I BRI s &, O TaE—
AT S YA EE, 750t Lac-NCTD il 51
AbT7 I, 38 R 2 RN AR S i TS Wl A R R R
()50 o
S 30k
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