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Intenstinal absorption mechanism and in vitro-in vivo correlation
of norcantharidin nanoparticles
CHEN Xiao-yan', LIU Yang', ZHANG Wei', BEI Yong-yan', XU Jing-yu',
WANG Wen-juan', ZHANG Xue-nong'"*

(1. College of Pharmacy, Suzhou University, Suzhou 215123, China; 2. Suzhou Liyuan Medical Technology
Co. , Ltd. , Suzhou 215002, China)

Abstract: Objective To study the accumulative release of norcantharidin chitosan nanoparticles
(NCTD-CS-NP) in vitro, investigate its properties and absorption characters in rat intestine in vivo and in
vitro, and evaluate the correlation among the release in vitro, the absorption in rat intestine in vivo and in
vitro., Methods NCTD-CS-NP was prepared by ionic cross-linkage process, dynamic dialysis was used to
study the release dynamics of NCTD-CS-NP in vitro. The intestine in rats was cannulated for in vivo recir-
culation and everted gut sac in vitro. The absorption character and regularity were studied at various intes-
tine segments and at different concentration, Results The absorption rate constants (K,) of NCTD and
NCTD-CS-NP in various segments were duodenum > jejunum > ileum > colon. At the duodenum, the
K, of NCTD and NCTD-CS-NP were 15. 69 and 29. 16 h™', respectively. The concentration had no distinc-
tive effect on the absorption kinetics (P > 0.05). The absorption of NCTD was a first-order process with
passive diffusion mechanism. The absorption law in vivo was the same as in vitro, the correlation coeffi-
cient between them was 0. 999 4. Conclusion NCTD-CS-NP could improve the absorption of NCTD in rat
small intestine, NCTD is well absorbed at the superior and middle segments of intestine. The concentra-
tion of NCTD has no distinctive effect on the absorption kinetics, The release of drug in vitre and its up-
take is well correlated.
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.6 h GHYKRERBREM 24 h FRAWH &Y
B » 76 bn K BL R B 3B PR R BEVEBC K, B T X B G IR
BRKAZRERAHERE. B, SR REEN
FHEREEFANBE R BT R R AP,
ERMRRALEPHESET BT TRENTE
¥ (chitosan, CS) N REH K, B T 3 Bk
HEZHERERFKRHA (NCTD-CS-NP), X H
HVRG R AT T H % LL NCTD R 2 H %t
B FE UK B A AR 45T B 35 53 515 28 T NCTD-
CS-NP ZE K Bk 1 A [5] i B 0 MR B 4 DR T 44
AR B B R L TE A B TR = A IR A K
% i — B RAR R RN 2KE,

1 (U#{5HH

1.1 fX8%:LC—10A B EMHEHERLE (SPD—
MI0A %438 ,SCL—10A R #5488 ,CTO—
10AS {HE A, CR—10A BEA B, B A S BA
A); &4k ODS-Cyy 4k (250 mm X 4. 6 mm, 5
pm, KEEK A RER 22U B A R A ) ; ME2155 843
WR¥E (#HE Starorious 4> d]); UV—2401 PC ®
KON RXE T (HEABRAF); HL—1 BER
R(EBHEWPENE); B85 B0 RBENL
AJye—1I #,FEFRTLEYRERBERLF);
FEHS (X4 FRE 8 000~14 000, L EZK
$RAMERAF);SHZ-82 HIEERBHA (LA
EUBAFD,

1.2 KAS5HYW:NCTD FHZ GFMHHHRES
WITHBAR,HS 20060508); B4 (EB4,dt
RBAX-4EPBEARAERAR HMS 061207); =&
By (TPP, HA R B LEANARARD ;T E
W (X4 T RE 8 000~ 10 000, i Z B K-
91.2%,B5BF:2.95 mPa « s); IR/ Fo (b2
g, BAEALEZANERLA); BRI
(LDH) #fl& (HRBEAEY TEHRR) Kb
HMB Ko, Kreb-Ringer's EFH W (K K
W) AL ml - WAL 7. 8 g FALHF 0. 35 g BKR
A8 1.37 g . WALEE 0.22 g HALS5 0.37 g B —
249 0.22 g & 1.4 g IN/KZE 1000 mL,

1.3 Y. HiER SD KB KRR 230~270 g, #
RN KEEEBLRHY PO R, FAES.
SYXK (#) 2007-0035,

2 HiE

2.1 RABHEH

2.1.1 MLLANA R EEFRER 20 mg BT, AR 1B K
EAZE 100 mL, Bi48 0.2 mg/mL B} 4T 4% & W, B

10mL i K RBEZEZE 100 mL, {8 20 pg/mL
IR LT AN

2.1.2 NCTD £ % : FF#H 100 mg NCTD,
MAEBKERZE 100 mL, & H# 1 mg/mL NCTD £
£W. WERER NCTD &R SBMAESRER,
KERER BHYRERE 5K 140,160,180
pg/mL, B R RN 20 pg/mL #) NCTD i
VB TS A B R SO R R 4L

2.1.3 NCTD-CS-NP R #& ¥ 8B 0#t ik, R
FAEF#ESTBEH & NCTD-CS-NP, Bp# CS
EREBT 0.2% BRB/AKBERDH S 2 mg/L #
CSESFHER.BEMA 0.02 g NCTD,40 C Xk
THABH: FR 1.2 mg/ml. ZRBEMRH (TPP)
KR 20 mL, DA%y 0.5 /s FIEE B R A LR
W B 10 min, BI8 R E M E X 0. 40 mg/mlL
MPRB R, AHRESRAGRN AR 45. 12%,
7.3%, EHRARSH R (131£11) nm,

2.1.4 NCTD-CS-NP #ti{#. ¥ & &R NCTD
CSNPEBREMABERER. K KBREE. B
Y RBKE BN 140,160,180 pg/ml, B4 R
B 20 pg/mL ) NCTD-CS-NP f#i#% , & %
oo % S A B 4T

2.2 NCTD #ig kMg

2.2.1 MAREMEAMET H K KBE#HFTKR
EWRNGIES 2 h, BRS AN TR
NHEEBER MATERBEEA . BRE—RFIAE

CHEMBaORK S, £B 0.5 mL, 0 1 mol/L

NaOH 5 mL,#4) 5 1 mol/L NaOH (2 5, %
559 nm bW EREEME (V). HERBEE (XD
mA,

2.2.2 ZYIRSMEBORRHE B 2R 0 H & R RO —
RIFRBWER NCTD KB &, B 20 ul. FEA
HPLC @38 {0, IZ5 g (V) s R R wE
(X) @, &R 0DS-Csi (250 mmX4. 6
mm, 5 um, KERAIFREZNBEFRLED, M3
M:ZHE-K (BT E pH 3. 1) (10 = 90),{k
WE:0.8 mL/min, & .25 C,EBME K210 nm,
2.2.3 Z5Y) I R b ME B 4R 1 ) 45 U NCTD fi#
EWER ATEBBER BE—RFIEBKEN
PRUERS W &/ RE A AL 3R T T AL 3 L B 20 L
HEA HPLC @54, it i & (V) X HRBKE
(X) E3, 6% &4F 2. 2.2 T,

2.2.4 /NHEERPLE - BERKERS 0.5 mL F
Ep &, fm 88% HEE 0.33 mL, B FH A H4M
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WP (400 W) BAENE, RHJETF 4 000 r/min
B0 10 min, R EIH W 200 uL IMAFB P B, Wi
3 min, #.(» (10 000 r/min) 3 min,miﬁﬂi 20 pL
A HPLC &#{X, NCTD 7K ¥ ¥ % % ok & , )
EMHEBER.

225 FHEEAKRBEFEEELER. BHERN
NCTD & RER AT BBHRES . B /MNak &
MALHE" TR AL 28, 18 BB MK P & (40,70,
100 pg/mlL) BIZ5%) 8 ¥ W, B W 20 L SR,
ICRGHEB, LR 3 BRI E B ERHRE
5W,it®E RSD.GHAIEH L, M 5 d,8H
(B 4 5 .

2.2.6 REHER.-ATABHBRE 160 pg/mL
NCTD % ¥, 8B (374+0.5) C HEBKBHEE, 5
AT 0.1.2.4.6.8.20 h Bk, &/ NGB LR
WAL W E , MR Ko Em AR ML, i+ 8 RSD,
2.3 SRR RSB IR NCTD-CS-NP % %
6 mL BENRF LK BARKE 30 mL ZIEKH
Bkt #ERAERRGHFF 7 C HE
B’ ,45 % F 5.10,15,20,30,50,60,70,120, 160,
180 min BUEMH WK 0.5 mL, BAF 4 MZE WK 0.5
mL, &N GBS 20 L, iR NI E . R B U
FREEREE SR 188 HARA NCTD k&
WAE R B R, 5 90 KO0 % 58] 1 1B 047 ¥ 1 i
FTRE 2 REBHREMBL .

24 KRREKBRK-MAOAKKEGTER

12~18 h A R,ip 3% RE L ZHE W (30 mg/kg) -

B, HEETRESL BEPRIABETA
3Sem, O FIRE BB KMBKRESRE. 4
SMTRSHRFF AR, MMM B, ERRNIIEE
B 4. BB KR K KBEHEB b3k Tr, 8
#Fd 100 mL NCTD 8 NCTD-CS-NP 4t i % LI
1.5 mL/min MR EHFE R, 25 F 0.5.1.1.5,
2,2.5.3.4.6 h RE A H# 1 mL (FEtANERE
BHLAMBD 3R 2. 2.4 /MR LA 5,
HEBEMERAAYFERKRE. MAKEGSK2.2.1
B TF“M 1 mol/L NaOH 5 mLeee+--"4b 38, i+ B 15 B}
41 JF Bk B, BP 45 B 1] S R AR B, SR W & ]
HFAZLE (X)), InX SEHE: 68, FBE
LABARBRUGEREH (K.,

ALK 45 H K NCTD K ¥ WM NCTD-CS-
NP HRGERARBEEXARAYTREET WE
R sh f1%
2.5 KEEEBBEYE:. KRA 3% REWKR ip K

B (30 mg/kg) . WM FRITH B , B3 8 B B
EXEHE.E K KRBT ZBRBEABK. K K@
Y BRENA RN . BB P -REH,
MBENEAZA 0.5 mL K KBRS —HILE &
HHAE 50 mL Bt MR D ERRPEALR
K,HMEBETF 37 C HBABS, 25 F 20.30.45,
60.75.90.105,120 min M BSPELAEE 0.5 mL, [H
HHERERNSA KKB. % 2.2.4 MTNg
RamLeE LE HERENARAYRERE,
REAEEAHBALGE (X, InX XFeE ¢ 4
B.ABEAFETRS K.. AN, 25F%
NCTD /K E#f1 NCTD-CS-NP H#§i# £ R R B
BRARAYRBRE T NERK %,

2.6 BTG YR VMY - A A 40 A 32 1 A5 e TR A
# LDH FHE, @3 MEEHRB P LDH HERS
BRRBAREE. LB EERWERRE, €0
MBS 200 wL %%, R A LDH A & #4178
E 2 BERBAMRATEYE .

3 &R

3.1 HEFEEE

3.1.1 MAbREML . ML 10.0~60.0 ug/mL
MLRLEM (V) 5HRERE (X)) BRIFNEH
XERAFEMSHFBA.Y=0.014 9 X—0.027 2
(r=0.999 7),

L2 HYBKSBREFEBRR.ZYURIE
0.025~1.0 mg/mL N, ¥EH (Y) 5HBERE
(X) BRENARUEXR REMETER: Y=
925 374 X—1 778.8 (r=0.999 9),

3.1.3 ZYBmRUBIREMLSE . YR ELE 20~100
pg/mL W.EEB (V) 5FEXRE (X, pg/mL)
BRIFNEHXR MR TR Y=920.57 X+
696. 56 (r=0.997 2), .
314 FERESHEER . HYK. P RERREN
Y %4 B (100.58 £ 1.89) %, (98.81 +

1.31)%.(108.51+1.40) % (n=5), HK RSD 4}

B% 1.52%.1.61%.1.82% (n=5), H @ RSD 4
K 1.76%.1.41%.,1.78% (n=5),

3.1.5 NCTD EW P MBEH 20 h AEEHE
AAYEEBEERFEART (RSD=1.05%),%H
HYES BREAES 20 h HBE.

3.2 KBRS NCTD-CS-NP #1 NCTD K ¥
BHEABRREERRAEA L, AR,70 min &,
HRES B AB . BRE Weibull B35 k¥
HTUA UFHHH RO REBRBE R E ¢« {3,
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B 1 NCTD-CS-NP 5 NCTD k5M R th £%
Fig.1 Accumulating released curves in vitro
of NCTD-CS-NP and NCTD selution
¥ 1 NCTD-CS-NP 5 NCID B A BRMSH (xLs, n=5)
Table 1 Soluble equation and parameters of NCTD-CS-NP
and NCID (xts, n=5)

Y Weibull 778 r 14/ min t50 /min

NCTD-CSNP  Inin[1/1-F(1)]=0.532 lnv—1.333 4 0.97379 12.25+0.3* * 6.15£0.2* *
NCTD Inln[1/1-F()]=0.370 Ine~1,6412 0.975 28  84.33+0.7  31.35%0.6

5 NCTD th#. ** P<0.01
** P<C0.0 vs NCTD

. PRHANBELESHE wasFBES
£J (P<0.01), H+,NCTD-CS-NP B B /N F
NCTD/KB R, RHEMEZZ THAXRBEEAMT

395, A

4

3.85
2
E 7
375 L
5

3.65
0 1 2 3 4 5 6

NCTD # R, XARERE N NCTD #KE>Y
7 B 0T 2 MR 2R MR K R R A0 U S LA B BRAR T
AFETE » T 0 KHL A B 7 1E AL Ao A 78 RO S A
— &4y TPP B i 4 X HERRBISS T XA YRR e
WM R BRI AER YRR, 5 R,
NCTD A BEBHZREh THERSNTREE,
HRR e, MABRHBATL. SRER K
NEEMTHY R

3.3 BAMEHAEN - BEARHELB 41h R
BRBH LDH WEHRE 2. GRRH . E2h K
MEEELEETA HEERBINE P EK, &
BBEFRES LDH WEHBEHM RUKEE
EHIRE 2 h WA LIBEARREHHBEAE L.

%2 BB+ LDH ME# (xts, n=5)
Table 2 Activity of LDH in intestinal solution

(xxs, n=5)
LDH/(U- L")
B&
0 min 60 min 120 min 180 min 240 min
+ =B 178+56 213176 221+£32 312421 41065
s 214138 221+45 215467 321454 431148
[8l 198455 208187 211£32 352+47 432167
& 175+ 85 182149 189443 28951 398+ 62

3.4 KRBBU. % NCTD & NCTD-CS-NP 3
RFRRERE AR BB NER B EREER,

EREHMESEALE 2.% 3.
391; B
'\‘\ A T

F*.:,‘B_.

3,89 ka%fi:
Tk
R

E 3.87 \":\T\*;\\?\t
6
3.85 5
3.83

Q 05 1 15 2
t/h

A-TERB R BEEBERI 1-NCTD +-#HE 2-NCTD =B 3-NCTD EIfgB 4-NCTD £&BE
5-NCTD-CS-NP +=# 8B 6-NCTD-CS-NP %t 7-NCTD-CS-NP B 8-NCTD-CS-NP 4B
A-invivo Beinwvitro 1-NCTD (duodenum) 2-NCTD (jejunum) 3-NCTD (ileum) 4-NCTD (colon)

5-NCTD-CS-NP (duodenum) 6-NCTD-CS-NP (jejunum) 7-NCTD-CS-NP (ileum) 8-NCTD-CS-NP (colon)

M2 NCTD-CS-NP 5 NCTD Xk BHARFEAHRNBB M (xts, n=5)
Fig.2 Absorption curves of NCTD-CS-NP and NCTD solution in various intestine segments {xxs, n=5)
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%3 NCTD-CS-NP # NCTD kR EARFEHRANBRK SN (xLs, n=5)
Table 3 Absorption parameters of NCTD-CS-NP and NCTD solution in varﬁons intestine segments (x+s, n=5)

Pal% K.X100/h7! tiyza/h
B Bt #“HY
k(6 h ik @2h F:q: 3 Wik F: 13 {3
agstil NCTD 15.69+1.12 4.7610.22 3.06+0.33 2.81+0.21 22,6712.44 24.70+1.85
NCTD-CS-NP 29.164+1.87 13.214+1.13 6.8910. 21 5.9840. 37 10.06+0.31  11.59+0.72
=h NCTD 12. 4940. 89 4.7040.15 2.78+0. 26 2.6010.13 24,9342.33  26.61+1.33
NCTD-CS-NP 24.344+1.01  10.8810.34 5.9210. 35 462440.23 11.714+0.69  16.36+0. 89
[ i NCTD 7.7310. 25 2.76+0. 12 1.5140.14 1.5440.17 45.89+4.25 44.9014.96
NCTD-CS-NP 13.98+0.97 8.2040.27 3.5340.17 2.7610.07 19.63+0.95  25.13+0.64
%% NCTD 2.20+0. 33 1.18+0.08 0. 4410. 01 0.7140.02 15.75+3.58 97.54+2.75
NCTD-CS-NP 3.54+1.23 2.28%0.06 0. 95+0.01 0. 80+0.01 72.95+0.78  86.59+1.08

SHEMLRA. FRHAANEXRBENT LE  REEREESE (P TR ERARES.
(+=#k =B 5 &R %R BILFE XK

LK S 450 B 4 B s 5 "

3 BRI 3 B KB L R 75 .\-\,2
BAR (P JLEHFEMZEN 2 5 Xi0Ed Bk i '

SETR o 55 B0 KB M 3 F 265 91 K O YR T s .
B PR KA BB 4 1 B A R — A
BN ¥ ERERET 0 K AR B/, X —
AIRER B T E R RIS R 45 A——a—A3

5t NCTD K % # & NCTD-CS-NP #47 K & r
MR B (+ =55 RE R T 7 Bk Yo T w1
BB ER  EREMXSH LA 3. K4, P /(ng-mL7)

SO R, TR R R R K A 2 R NCTD B 2 NCTDCSNP
ZEEESBES, TR N T 59 NCTD M £ NCTD.CONP Mk
KERME KRR PARR KBEBERS 1 1-NCTD (in vivo) 2-NCTD-CS-NP (in vivo)
HEEE. RANKNHAAEMTFEYNEBHER 3-NCTD (in vitro) 4-NCTD-CS-NP (in vitro)

C , L 536 6 R o ) IR 4K A M3 NCTD-CS-NP B NCTD %R B KR %W

3.5 (RSMRZY 5 7RI B ik B R R % Pk A B (xts, n=5)

NCTD-CS-NP ﬁiﬁl‘ﬁfﬂﬁﬂlﬁﬁﬁ (FR), '—:JEW Fig. 3 Absorption curves of NCTD-CS-NP and NCTD

ﬁjH¢IEJWkEﬂ/J\%m§5%B?E{$UKl&E§}$ (Pa) solution at different concentration (;:l:s. n=5)

%4 NCTID-CS-NP §1 NCTD A RBFARERRENBRESY (xLs, n=5)
Table 4  Absorption parameters of NCTD-CS-NP and NCTD solution at different concentration (x+s, n=5)

p/ ﬂj% PA/% K.X100/h™} ti/2/h
(pg e mL™") ! K. GH Bk 2 h gide ik etk Wik

70 NCTD 23.3840.55  0.46+0.31  4.99+0.10  4.40%0.88 13.88+0.28  15.76+0.29
NCTD-CSNP  42.11£1.11  17.7941.01  8.15+0.22  5.65+0.15 8.5140.23 12.26+0.33

80 NCTD 23.89+1.23  9.76+0.22  5.2540.14  4.41%0.10 13.204£0.35  15.73+0. 36
NCTD-CS-NP 39.47310. 81 13.2130. 87 7.6410.32 6.0210.21 9.0710. 38 11.5910. 40

90 NCTD 22.41+1.17  9.76+0.35  4.8940.21  4.4310.29 14.1740.61  15.65+1.02
NCTD-CS-NP  39.72+0.93 12.28+1.17  7.34%0.17  5.98%0.33 9.44+0.22 11.4940.63

%S NCTD-CSNP SN RESEG MERKEAXE

Table 5 Correlation of accumulating release of NCTD-CS-NP in vitro and absorption in vivo and in vitro

t

BH/%

0.5h 1h 1.5h 2h 2.5h 3h
Fr 84.98+1.01 89.90+1.32 90.1240. 777 92.57+40. 67 93.90+1. 26 94,6211, 51
P 5.91+0.31 8.61+0.21 11.102%0. 51 13.7110. 23 18.0910. 37 22.8010. 45

Pa, 5.25%0. 23 7.78+0.37 10.5910. 31 13.21+0.57 - -
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A NCTD-CS-NP ik 4r RBBHE (Fo) 5
Xt R B FEAR /N WL P FIBS K /B R L Pa S8
i&ﬁ@lﬂﬂ,ﬁil’ﬂ%*ﬂ%ﬁﬁﬁzmx =1.6157 Fr—
133.680 0, r = 0. 913 0; Py, = 1. 003 6 Fy —
80.504 0,7 = 0. 926 3; Pay = 0. 969 4 X P, +
0.906 8,r=0.999 4, B I, 7% 5 ¥ 2% K B ) 7H 10
Fe 50k RSMNERIZ R R A BIFIRIR AR,
4 itig

MARALFRERETHHBPLUERRER
MEXFE ZPRERAFTARMAKEE, AHTF
AYMBERERES . B . BAYEABTRER
SOkRB, IEREABRSE /YR E K.

X 78 BB G KORL 3 AT K BUTE 1 L B 4k B 178 3 5E
B, F5EHEGKERHTIL. TRERER.H
WERKBBEEN S LA RY, W4 BB ILEER
Wk S+ 1 2 B S RITUT T R,
+ 8 B B WCE o B3 5 T P R PR R R B R
BERHBZEEEHBER TEREHKNAGEH
BRRAZYEBERBERZNINE. XEHEEX
MME—H, EEEHEREEL. E—-FWFE
AT, R R R A B AR XU F

E R HES , T T F B8R L B2 40 MR IR 8 1R 51
KABTFHERIEH &N TRBIRN, b T RE
BEARNFE KRR ATREN LRI, s
HEABRAGYHREEL .
Xt 25 4 S B T B B R WA AT R R A BT R
B2 R SR BB R X R
#. FH.ERRESEARKGRE BENEXHE.
75 TR 9 K B 1) 7 PR IE AR 9 B P9 AR B A
AOEE, KRHGRHBEBRBILE N E it — 5
B3,
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Caco-2 iR ERYPRRABRBNEEHNHNTAR

1 E S Y
(L HAKXEE—WRER, LT MA 330006; 2. BAKFERE WHRAGEBIF LA BA  330006)

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.

XMiN:MEM; Caco-2 MEEE; WU ¥iE
hESH#S R285.5 XRARIAE:A
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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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