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LT A3 AT A B ST 3R I Caco-2 40 MY, 74 LMW-CTS Al LMW-CTS-NPs X} PNS $2iE E (150 . 45588 LMW-CTS
SEIBIAENS 4> TR 5 760, £ EUERBCN 1.42. LMW-CTS-NPs JESR IR %, KiErAias, SFHkiiey 115.5 nm, Zeta B
KR H+37.1 mV. PNS JFRIZ5 % H 0 IR MIZIERE (Papp, AP—BL) H/NTF 1X1076 cm/s; LMW-CTS 4, =-tEE#H Ry
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ANZREH Re (Re). ABEH Rby (Rby) FIAZEH Rd (RA) (A Papp L BEZH /) Hil42 57 35.66%. 23.28%. 29.41%. 37.99%
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Effects of low molecular weight chitosan and its nanoparticles on intestinal
permeability of Panax notoginseng saponins
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Abstract: Objective To evaluate the effect of low molecular weight chitosan (LMW-CTS) and its nanoparticles (LMW-CTS-NPs)
on the intestinal permeability of Panax notoginseng saponins (PNS) by using Caco-2 cell model. Methods LMW-CTS was
prepared by combining chitosanase hydrolysis combined with ultrafiltration separation technology, and molecular weight of
LMW-CTS was determined by using permeation gel chromatography (GPC). LMW-CTS-NPs were prepared by ionic gel method,
and characterized by scanning electron microscopy, nano particle sizer, and flourier transformation infrared spectroscopy. Caco-2 cell
model was established and validated to evaluate the effects of LMW-CTS and LMW-CTS-NPs on the intestinal permeability of PNS.
Results LMW-CTS has a molecular weight of 5 760 and a polydispersity coefficient of 1.42. LMW-CTS-NPs have a round shape
and narrow particle size distribution, with an average particle size of 115.5 nm and zeta potential of +37.1 mV. The apparent
permeability coefficients (Papp, AB—BL) of PNS was less than 1 <1078 cm/s, indicating a poor permeability. In LMW-CTS group,
the Papp Of R1 and Rg: was increased by 17.83% and 20.29%, respectively, but no significant effect of promotion was observed on
other components. However, the Papp of Ri, Rg1, Re, Rbi, and Rd in LMW-CTS-NPs group was increased by 35.66%, 23.28%,
29.41%, 37.99%, and 36.00%, respectively, compared tothe control group. Conclusion LMW-CTS can significantly promote the
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intestinal mucosal permeability of R1 and Rg1 in PNS, but has no significant effect on Re, Rb1, and Rd. LMW-CTS-NPs significantly

increased the permeability of the major monomer saponin components in PNS. Namely, the intestinal permeability of PNS can be

further improved by transforming LMW-CTS into LMW-CTS-NPs.

Key words: low molecular weight chitosan; ionic gel method; chitosan nanoparticles; Panax notoginseng saponins; Caco-2 cell model;

permeability; ultrafiltration separation; gel permeation chromatography; apparent permeability coefficients; notoginsenoside Ri;

ginsenoside Rg1; ginsenoside Re; ginsenoside Rby; ginsenoside Rd

=t MBANZEHEY =1L Panax
notoginseng (Burk.) F. H. Chen fF-#5 1 AR AR 2%,
R EEgAEEY M, =B8R (Panax
notoginseng saponins, PNS) & =L =BG ko7
HEEp BT ASEH Rbhi. Roi. Rd. Re
(Rbiv Rg:iv Rd. Re) DL =+H%H R (R, K
25241, PNS MY A PUEMN. e, dik. Jub
R EAERET, W H YK . SEERIER,
DRI T 438 42 I FH o i T 2R G328 1A ¥R 97 18200,
B PNS = 22 54K 8 1 B 4 AR X 4 i &
(molecular weight, MW) XK 7K B MR
it iBiE N2, SHCPNS HARA YA AR R4,
T PR ) PNS 5751 B2 T DLER & A= PR
E, BETRACE A A s, BT
ZRFE R MNIEZ . R, T8 s PNS i3
DU B W ot PNIS 8 1 AR R P B2 1A 4 v
BHEEZER X

FEEEBE (chitosan, CTS) &7 1E BT I KRR
b, BAREAEMRINYE. o EmEREy
FAZEE, 1625 PSR 5 T2 GRS, STk
I8, CTS DR 3L IE H g M m] 5705 7 A PR A=
JERGE R e R B, 5 3 5 A T R A
FHOR BN B A ez A BT SR kG 2R ) 1(ZO-1)
HAE, WHATIT R R, (k2 B A 55
WSTe RARFEIENE BIAN 73 1 B Sl BOR, FE
BT, BRAISI A TRARXS 737 i & 52
%4 (low molecular weight chitosan, LMW-CTS)
AMGEEYELF, T HRIE PR iR PuESE
Y iE R, Ak, LMW-CTS EHLH a5 5
e 2 EHERE /1120, Rk, A FUk AR T
TR RN R ERL, BT B PRSI A
FRGI% LMW-CTS, FH DAES T8 B2 1] 2% A XS
9 F R E ST R MY KR C(low molecular weight
chitosan nanoparticles , LMW-CTS-NPs ), % %%
LMW-CTS 1 LMW-CTS-NPs %} PNS 72i& 1 (115
me, DA A4 & PNS IR 1R S Ak 77 B S 1L 3
WAKHE -

1 UE5EMH
11 435

Miroza MF/UF PX-02001 /NEBIE R4, HA
JEAL R R 224 Spectrum One {8 BLIH- AR e 2T 4Pt
W4, ZEE Perkin Elmer A %]; S-3400N 411
WA, HA Hitachi A #]; Zetasizer Nano ZS g2k
ORI E AL, £ E Malvern A 7 ; Costar 3401
Transwell /N=, 3£ Corning 4 ]; Millicell ERS-2
PEHE LAY, S Millipore 23] ; Nexera X2 UPLC
A4, % LC-30AD %, HAREAH .

1.2 ##

AR o T R S R R R (B 200~800
mPas, it ZBEEE>92%), WL & 5e Wtk #A R
AF; BHEAATIFCRER, IR CRMD L
WA TEH R A A s RN & XS 5 7 i &=
4 440. 9 890. 21 400. 43 500. 66 700), F[H Sigma
AT PNS, BH LIRS >T75%, =~m =tk
AR AR X Ry (3it5 110745-201619,
Jii & 534 95.0%) . Rg: (#lk5 110703-201731, Jiif
3% 93.6%). Re (L5 110754-201626, Jifi& /3%
97.4% ). Rby (k5 110704-201726, Ji & /> %k
91.1%).Rd(#it 5 111818-201603, Jii &/ % 92.1%),
o E B 2 A e T U RE s DMEM mfiss 7, 2k
TAYTRE (R BROARAR: B4, %
RMBIO 2 vl; FLERIEZBE (LDH) FEsoha it
F&, B REVMFEARARA R R (ALP)
Ml FE (B2, m Rt @ A TRERE AT
NG E A Caco-2 41 ik T o [ i 7Y 35

FEVRIE > o

2 FHESHR

21 LMW-CTS RELKK LMW-CTS-NPs Al
5

211 LMW-CTS Kyfil& S5Hx 7 FiEllE K
& E A 7 7 = e R T 1% 0K B R 1A R T

% 3%5% EHEEW, T pH {EZE 5.0, A& =
ENNT TR RS 4 h. BERE e e Ak
o B U [ e A B, SETR R AL, TN
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LMW-CTS, HAH X4 ¥ 5t & B35 3% &R (03 %
(GPC) WI5E

GPC it &£t . Tsk gel G4000PWxI (300
mmXx7.8 mm) 5 Tsk gel G3000PWxI £ (300
mm X 7.8 mm) ik, FBIAHN 0.2 mol/L Z,12-0.1
mol/L Z %N (pH 1 4.4), #AFE 0.5 mL/min,
FER 25 C, #EFEE 25 pl.

(1) trfEhgkenl: RS X7
ik 4440, 9890, 21400. 43500. 66 700) ¥ T
B 1 mg/mL ARvE TAEWR, % itk 21
HERE T - B 4 Chromeleon fait T /En5 7.0 4L H,
DIURS] SR A v 5t AT 43— o PR K 00 O B B ) 4
K, & MHA IS hRMEf4:: Y=9.2942—0.167 0
X, r’=0.9983, WK 1.

48 "
| |
4.4}¢
[ ]
E
=
=2
4.0F n
| ]
3.6
L 1 1 1 1 1 1 1
26 28 30 32 34

t/min
E1 #BRvEinEiZ%
Fig. 1 Standard curve of dextran

(2) FEmIE s FrIAE S Ab PR 7 V5 S AR i —
B, AR 2, WETIOREE A2y 33.033 min, &
R SEASFE G AR 73 Tl RN 5 760, £ 7 HitdE
BN 142, 55KV, Frfs LMW-CTS A% 4
BEAL, XS FRES .
2.1.2 LMW-CTS-NPs Kl &4 LMW-CTS-
NPs 225 SCiik 7 VA2 2% FREX LMW-CTS J& i,
T 0.003%37 18 Vb4 188 (KK, BLAK 1 mg/mL
() CTS VA, W pH & 4.0, £ 0.45 um 1B &3
RYEPERERL, . MOIPEEAME T, AERE
SEME N —E B 1 mg/mL [ =R (TPP) &
T, HEEE 1 h BIAS% 15 4 LMW-CTS-NPs BRI TR «
FTS BAR 4 Microza #8IE R GLaifh H R 46 5 %
T3 LMW-CTS-NPs % T4

LMW-CTS-NPs [ 3080 % 35 8 i 9 4 1 2
B (SEM) M. #IBE57%2% Nallamuthu 252
RIE ) SCHR, 4 RS SR an & 3 B, LMW-CTS-

a 5.4 3 2

20 25 30 35 40 45
t/min

27 5EHE (9.890)
HITHE (435000  5-HIZKHE (66 700)
1-Dextran (4 440) 2-Dextran (9 890)
4-Dextran (43 500) 5-Dextran (66 700)

2 BEERERIINES (2) 5 LMW-CTS (b) B GPC &
e

Fig. 2 GPC chromatogram of Dextran series standard (a)
and LMW-CTS (b)

1 HRRE (4 440) 3-HIERE (21400 4-

3-Dextran (21 400)

—
100 nm

3 LMW-CTS-NPs B33t E F R MR (X50 000)
Fig. 3 SEM image of LMW-CTS-NPs (x50 000)

NPs 2EKIE, LS A %E, K/N55), Rife 414 130 nm.

LMW-CTS-NPs R0 42 50 A7 A LA 04T . BUE
=T LMW-CTS-NPs AR, 4 Malvern 442K
REEACH AT IR AL, S5 R 4 R, T
Fife v (115.5+8.7)nm, Fife/rAidE T 147.2 nm,
DR gh KR BE BT A 7K A ki Az, BTAEL SEM W
ZERRE R 2 EUARECN 0.22140.009, ZKBHFTH
21 LMW-CTS-NPs i 43 A3 S 4. Zeta FRAL
5% (37.14£0.4) mV, FH LMW-CTS-NPs i
M IE AT B AN, Zeta AT 4 0HE = T 30 mV
o Hk FoR AR R,
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LMW-CTS-NPs [RIZLAMrHT. MR STk 777!
K& LMW-CTS Al LMW-CTS-NPs 4 000~400 cm™*
VLA, AR 5. Ho, TPP HIZL4ME
BELE 1217 cmt A1 896 cm ™ 4351 Ay P=0 1 P-O-P
PREHREN IS, LMW-CTS 1 3 AMRFAE IR S 4y
59 2929 cm™t 4k C-H M ZEHR BN i . 1 640 em ™t
ARFRRZ 1 1535 1K) C=0 iR 30T 1560 cm ™ Ab ik
Ji 103 1R N-H )25 3R 3 U g s LMW-CTS-NPs
ZLAMNEE 5 LMW-CTS [AEL, H B LMW-CTS #il
TPP [f1Rp1ENE, H P=0 FRFI w2 1240 cm™?,
N-H W& fmAs 2 1 540 cm 4k, F£8 LMW-CTS
HITPP [RITE B B 742

a

1 10 10 1000 10000
HifE/nm
b
-150 ' -50 ' 0 ' 50

Zeta HLfz/mV
B4 LMW-CTS-NPs BURE 27 () K& Zeta BBAZ[E (b)
Fig. 4 Distribution of particle size (a) and Zeta potentials
(b) of LMW-CTS-NPs

LMW-CTS,, \ ) ) g
TPP
LMW-CTS-NPs __ \
\ \ )
\ I'\v:v | N\ < .
\ - / A v
\ _,r-/ﬂ'/ \ /
4000 3000 2000 1000
t/min

5 TPP. LMW-CTS #1 LMW-CTS-NPs B4 7h 1 E
Fig. 5 IR spectra of TPP, LMW-CTS and LMW-CTS-NPs
2.2 HYRERENIFIE

2.2.1 Caco-2 45 7% Caco-2 #fiffiLk DMEM
EEEE IR ( 20% 64 7%, 1%AF0 7R 2R IR,
1%X 1) H53%, HEmTdfulisRm, &1 37 C,

5% CO,, VMG &R0, gy BE A=K )5
R, B9 ERE T 85%~90%, [ EDTA-fi#
SRR AV
222 MTT #MEsLEe i MTT BRI vrah
LMW-CTS F1 LMW-CTS-NPs % Caco-2 403 7111
SO, PRI IS 5 24 IR . SCERER IR BT EL
AKIAR) Caco-2 4Hf, HAL RCERA LRI, B
FEZ 1X10°ANmL, LAEESL 100 pL #5501 96 FLAK,
BRFE 24 h R RRERFREL, HALA A 200 L &
25917 Hank’s “F7 %5 (HBSS, pH 6.5), fi#
LMW-CTS 1 LMW-CTS-NPs J5i & 43 5N 25.
50. 100. 150. 200 pg/mL; 1745 H HBSS 41 N
PEXTIEZ . 37 C. 5% CO %1 R E 2 h, B
HBSS ¥, PBS ¥ei4ifi. A 200 pL 0.5 mg/mL
1) MTT %, 9% 8& 4 h, W3 L&, A 200 L
DMSO ¥ i 4hi i, FHBEPRACRI I 490 nm 401K A {H
THEABRAF IS 2

AR AEE T = (A s — A ) (A i—A 1)

LMW-CTS F1 LMW-CTS-NPs %} Caco-2 4l it 25
PESE IR WLIE 6, ZHRRAH X IS Bl E 25 i B
FrEm 2GS . YAFEEREST 25
pg/mL B, LMW-CTS 5 LMW-CTS-NPs 4141 g #H
XE I T 90%, RILVHIAEMAMpELE (P<
0.05), Kl hgh 22 42 i fE iRk FE VG FEl A 0~25 pg/mL.
SER R, LMW-CTS-NPs Xf Caco-2 4 fitg 75 4: 1 &t
f&F LMW-CTS.

2.2.3 LDHE UG At — 2 500E LMW-CTS fl

[ Jimw-cTs

I LMW -CTS-NPs
100 4 * 7
3
80 *
*
< ek
o ok
!T{A' 60 3k & k| .
e
&
ZE 404
=
s
20 1
o
0 25 50 100 150 200
pl(ugmL™)

x4l "P<0.05 “P<0.01

*P<0.05 *P <0.01 vs control group
6 LMW-CTS 1 LMW-CTS-NPs %} HBSS & Caco-2 4f
SRR (X+s,n=5)
Fig. 6 Effect of LMW-CTS and LMW-CTS-NPs on Caco-2
cytotoxicity in HBSS (X £ s, n=5)
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LMW-CTS-NPs %} Caco-2 £ Jifa Jls ¢ ¥ s mi, i3k
1T LDH Bl . Caco-2 4 AR 7% “2.2.27
Wik, SeiblS IR LDH BOsta il & (i
BE) B, AR LDH B E AR T .

AT LDH B E = (Ax—Ad)/ (Am—Ac)
ACHFERARERZE, AcARERXTIRZE, Am N LDH & KRR

K 7 FioR, 1E 25 pg/mL FREIRE T,
LMW-CTS ZHF1 LMW-CTS-NPs ZH A bt % F 40
LDH Bei & 23 B4 0 2.29681 2.8%, — i RAEAE
EEMESR (P>005), HY SR ERE#
(P<<0.05); W2 EAREIE N, LDH FHXR
i BT, M2 IR S T 50 pg/mL B, LMW-
CTS F1 LMW-CTS-NPs ZHAHX} LDH Bt 1 i
10%, R RGN 286 MTT FME55
A LDH Bkl seae 45 8, B8R
25 pg/mL.

407 LMW-CTS

354 LMW-CTS-NPs

**
304
254
204

154

LDH FH X B /%

10- .

5- .

= | Tl

25 50 100 250 500
pl(ugmL™?)

5 LMW-CTS dAtk: "P<<0.05 "P<0.01
P <0.05 P <0.01vs LMW-CTS group

7 LMW-CTS # LMW-CTS-NPs % Caco-2 #fifl LDH
BB (X+s,n=5)
Fig. 7 Effect of LMW-CTS and LMW-CTS-NPs on LDH
release of Caco-2 (X+s,n=25)
2.3 Caco-2 RAIERIAIE T 5RIE
LS £ A K 1K Caco-2 4, i) £ B 2 A 2
BOF IR BRI A 1X10°AM/mL, PAEESL 0.5 mL #&4+
F 12 5L Transwell /N=Tidw (AP) ], FEJE (BL)
A 1.5 mL DMEM 51773k, BALRE K
Kl 8. F@RKH# AP MIIFI BL fll357%3E, 7 d J5RR
B, WiIRAE 21d. 2 AMERTIRIOE 3. 6. 9. 11,
15, 18, 21 RN E 2 P 25 5% e BEL LA Ao 00 4 i i ¢
PERNECEYE: BN, @SR (ALP) B
SR ALP Egis e, K Caco-2 4 A4 K
AR A 2729

g (K9, 100 Bon, IS e (TEER)
£ 9~15 d WG N4 (646.20440.16) Q e¢m?
(>500 Qem?), 7f15d J5ka T F#, W Caco-2
Y1t PR 2 B M R AT BL ) ALP 3% B SRR

s CAP) il
Caco-2 #4112
TALIE N

S (BL) Ul

8 Caco-2 fifREIREE
Fig. 8 Schematic diagram of Caco-2 cell model

s
/

800

700

& 600

500

TEER/(Q-cmt

4001

300} /

2001

0 3 6 9 12 15 18 2
t/d

&9 Caco-2 {AffIE E TEER BEIEFRATEIZLAEH (X +5,

n=3)

Fig. 9 Change trend of Caco-2 monolayers over culture

time (Xts,n=3)

Wr e AP )
. —e—BL ] ] ’/;_,_,{-l
-
€
7, /
= !
E=¢
4 8
=
1 ogt
o
e
A
4 ra B E—
[_-1-:‘:1/-—-4" ot - ‘

N

t/d
10 AP llFn BL il ALP SENFERTEIZ LGS (X5,
n=23)
Fig. 10 Change trend of ALP activity of AP side and BL
side(Xxs,n=3)
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AR L2210 AP (I ALP 3% ) S IREH & ETH s,
Hrp, 9~15d N EFAEE R, 15d Gi&T 174,
9% % 21 d f ALP 35 71E (AP/BL) ik 3.29, £
HARMERFIE, 54 Caco-2 4HAuAR AL i 7 R,

2.4 PNS ZEME

241 @B IS RO TR AT
flitk, ALEFMAWR: EiEHA Welch Ultimate
UHPLC XB-Cyg # (100 mm>x2.1 mm, 1.8 um); LA
0.1% FR/KIE - LI NimshAd, BhEEHEL: 0.01~
0.5min, 5%Z.ff&: 0.5~1min, 5%~45%Z.fi§: 1~
2 min, 45%~95% Z./i%; 2~2.5 min, 95% Z. i ; 2.5~
2.6 min, 95%~5%Z.15; 2.6~5min, 5%ZNE; &
Ui 0.3 mL/min; A 25 C; #EFEE 3 L.
242 kAt g RSN AB Sciex QTRAP
4500 K & — H PUMAT 261 5 B, i ESI &1
J5FA Analyst 1.6 £ffi AbBREAE . 78S TR R
FHE TN 2 N BT (MRMD);  HLISE 55 Ha [
—4500 eV, & TURIEE 550 °C, <7< 172.369 kPa
(25 psi), AL AN AN 344.738 kPa (50 psi),
PNS ' 5 FiE H R/ FI N bRELEE FE T (1S) 1)
MRM Wil 461 W3 1, 25 HBSS Wiz PNS 5%
B2 IR S XIC B LA 11, 22 39 4% AR50 H bR 2
P THRAK.

%1 Ri. Rgia Res Rbiy Rd FEMESHARIEEML
Table 1 Mass spectrometry conditions for R1, Rg:, Re, Rby,
Rd and digitoxin

oy BEX (miz) LRIV R RV
R1 931.0—637.4 —222 —51
Rg:  845.1—637.3 ~190 45
Re 945.1—783.1 -220 —55
Rb1 1107.1—945.4 —250 —63
Rd 945.1—783.2 -220 -53
IS 809.2—633.5 -180 —47

243 FESACEL CRVRATBIRES T =R A RS
JEHL 100 pL, O 10 uL bR TAETR CEEHLR RE 1,
500 ng/mLOYEAT, I 400 uL i g VR & 5 min,
F 4 CZAfF 13000 r/min &0 10 min, B 200 uL &
. BAWCT, N 200 uL FEES S, FOGE LG
I3 pL BERE

244 LMERRFE XTI RIERHIS: 2Rk %
FREL Ri» Rgi~ Re. Rbi. Rd &, AT HEEACH]
JR iR E 43 )4 3704 1 315, 370. 1 385. 380 pg/mL

* 3429 -
a
b
IS
Rg1
Rb1
Rd
R /Re
R\ VA
0 0.8 1.6 2.4 3.2 4.0 4.8
t/min

E 11 zZHA HBSS#& (a) 1 Ri. Rgi. Re. Rbi. Rd (b) &9
ERETFReLE

Fig. 11 XIC of blank HBSS (a) and R1, Rgs, Re, Rbi, Rd (b)
(PRI TER 5 %of B it i A8 T o S 2 W BV 65 0 HER i 2 Y
F17% 1 HBSS YRC it & B2 43 1l 4 Ry 1.85. 3.7,
7.4, 185, 37. 55.5. 74. 148 ng/mL, Rg; 6.575.

13.15. 26.3. 65.75. 131.5. 197.25. 263. 526 ng/mL,
Re 1.85. 3.7, 7.4. 18.5. 27.75. 37. 74. 148 ng/mL,
Rb; 6.925. 13.85. 27.7. 69.25. 138.5. 207.75. 277.
554 ng/mL & Rd 1.9. 3.8. 7.6. 19. 38. 57. 76.

152 ng/mL 1 R 5178 A% FE VTR

WHRETR: RS REEh I BT E =, RS
iRt E 2%, B 100 pg/mL N FRfE AR K525 EL
W bR £ 0SB, A A AR P AR R Al 500 ng/mL T
YEW -

PR “2.4.37 TN RE &AL BT HI A T
UPLC-MS/MS Al o AAF I P b B 06 1 AR EE A
PR, By A 5T B AR AR, A i
NI EAE, bR A 2R ETa ], AR
4334 R1 Y=0.013 20 X—0.004 66, r?=0.998 8,
2R 1.85~148 ng/mL; Rgr Y=0.069 55 X—
0.095 30, r*=0.994 8, £kt 3i[H 6.575~526 ng/mL;
Re Y=0.011 85 X—0.000 23, r?=0.996 8, £kt
1.85~148 ng/mL; Rb; Y=0.005 56 X—0.005 27,
r’=0.999 0, ZkPEVulH 6.925~554 ng/mL; Rd Y=
0.011 14 X—0.002 04, r?=0.9981, Z:iEMHE 1.9~
152 ng/mL; %2073 7E HAH B 8 VG N MR R R
I (r?>0.99),

2.5 Caco-2 #HRfGE ESCLs
P HURE 2 BT ) Caco-2 AR A HEAT #4312 S206 . 7
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YIS SZIRHT, M DMEM i3k, H Wi PBS
Ve HZ4IM 2 Yk AP flinA 0.5 mL pH 6.5 [
HBSS ¥, BL fllinA 1.5 mL pH 7.4 f{] HBSS ¥,
B TR FRFF 47 30 min, PTSE A A AR R i
AP 7 P . B Hn R 2 E HBSS
. 200 pg/mL PNS &+ 200 pg/mL PNS-+25
pg/mL LMW-CTS ¥+ 200 pg/mL PNS-+25 pg/mL
LMW-CTS-NPs #&#, BL ¥ 1.5 mL =H
HBSS ¥R AE A4t »

2 FIRANFE S Transwell B T-40 355546, 45
¥ 30, 60. 90. 120 min M BL UHEE 100 pL,
HAN TR 2 4 HBSS . ATHURE A PNS &= H
UPLC-MS/MS 7%, PNS &l R LIEMBIE R
(Papp) T, TR ARMTF:

Papp=AQ/(AtACo)

AQ/At NBIEEZR, AN Transwell /NEAKEHR, CoN
PNS W45 5t iRk B

PNS i i iz 45 il 12 Ao, Ris Rgas Re.
Rbi. Rd [J AP—BL ] Papp 73519 (6.56+0.48) X
107, (9.06+0.46) X107, (1.96+0.33) X107,
(3.21+0.19) X107, (2.62+0.27) X107 cm/s,
BI/NT 1X107° emis, $R JERH 2G5 2 I R % i
PE. LMW-CTS 41 Ri F1 Rg1 [ Pagp 205914 (7.73%+
0.37) X107, (10.89+0.63) X107 cm/s, #HELT
JERIZG 2y 8 hn 17.83%F0 20.29%, R HERCR B3
(P<<0.05); Ri. Rby & Rby [) Py A G IN, {HEZE
REXMWALE LS IT 2% F (P>0.05). LMW-
CTS-NPs #1 Ri+ Rgi. Re. Rby 1 Rd ] Papp 43 14

* [__IPNS
I PNS+LMW-CTS
VZ7ZJPNS+LMW-CTS-NPs

124 *

Papp/(X 1077 cm-s™1)

R1 ‘ Ro1 Re Rb; . Rd
ExIIAAHLE: "P<0.05
P < 0.05 vs control group
12 LMW-CTS #1 LMW-CTS-NPs X} R1+ Rgi~ Res Rbi
X Rd B Papp BI5200 (X x5, n=3)
Fig. 12 Effect of LMW-CTS and LMW-CTS-NPs on Papp of
R1, Rg1, Re, Rby,and Rd (X £ s, n=3)

(8.90+0.59) X107, (11.16+0.80) X107, (2.54+
041) X107, (4434+036) X10'. (356 =+
0.48) X107 cm/s, LhxfHEZH 7532 35.66%-
23.28%-. 29.41%. 37.99%F1 36.00%, 5204 Papp
SERIN (P<0.05).
26 FitFESTH

SZGBE DL X s RIR, 4 SPSS 25 B A HLA
M, BAP<<0.05 AN EH G E R
3 g

PNS /K&, AR A X 7 7l &
K, IR 2 0 I 20 i 55 1 0 B0 e 18 I AR IR
S B B0 R T s R L 1 AR R ARs R 2 1 A
S R KB, Rk, B3 PNS A2 E v 2 R e
H ORI E R, CTS HAT KR -NH,,
TERRVE S AE T 5 T4y B AE A, B AR R E,
RE AT MDA T TS0 i [B) S5 % i 42, Haz a5 HoA
X MO . T QA R R A O R23,
EAT T R CTS Il KIE TN Z, 7 AR
HR. W CRTFVEM, (HIEERER, W)
PEZE, G T i s R B e RS . R,
AHFFHELEE LMW-CTS 5 LMW-CTS-NPs %§ PNS
7k SseREdin)-A 8

Caco-2 44512 SR in 245 3R B PNS J R}
A GREIELIMEZ, Py (AP—BL) 7 1.0X
107~1.0X10® cm/s. LMW-CTS &~ Hi %t PNS £
A BT RS W Bl s o M R TRV RE B s, oo,
R1 Al Rgy 73 B4 = 17.83%411 20.29%; {HX} Re. Rby
M Rd &R EBN, HEAZMEARG ST
725 (P>0.05), %458 HES PNS AN[FAH 7 AH
5oy IR EALE R A . LMW-CTS-NPs 5 LMW-
CTS 414HEL, Riv Rgi. Re. Rby il Rd ] Papp $215
W2y I3 T 1.0. 0.2, 1.5, 3.4. 80 1%, &
LMW-CTS il ¢ AN AKRLE , X PNS 220 H B 5 1)
WS R

SCHRTOEDCE Y, SRR SRR AR (X TR
Hy 113 000, i LM 86%) il gk (~F
PIRiA% 339 nm, Zeta H1{7+11.3 mV) J&5, XTZHIH
BEMERSERRIFRG IR . KB
LMW-CTS-NPs Xt PNS 7538 P i 25058 81 A
T LMW-CTS, #Ell5FrH CTS #HX 7 F . 44
KKRAE RN Zeta A SHRERF AR B,
AT H] LMW-CTS-NPs ) Zeta HLA7 ik +37
mV CKF+11.3mV), 1fj CTS HIAEYZL AT IF
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SRR DR O T AT IR T, P RE A
M SHE Az . HIK, AREIKHTAH LMW-CTS
X F RS, BB T LMW-CTS 7
TR RETL L LMW-CTS-NPs JE4s, ] B g A
ST R 3N . HE SCHERIRIERS,  EARXS 4T R
20 000~460 000, CTS 254113535 M4 i 2% R
B RN o7 R I £ 1EAH S, R LMW-CTS-
NPs AJ e H 6T PNS B8 5 11 W s e sk kR, 36
HARNLGIAE Rt — 2B 5

AWEFREYH, LMW-CTS 25 1kt hl sl gh
KHKLJE, X PNS i 1538 M 10 s U R 5 . Rk,
X PNS FRiilAAL Ty, w2 & LMW-CTS-
NPs #H47EE, BARIARIRSMAE %R, (HifiH
I TEA 0 B 2590, —J7 1, LMW-CTS-NPs A<
SRRt PNS 45 gimiEtE, it PNS
Weies [FIET, PNS BIE - AR AR, TT4E
KRR, HnEE N 75—, 9Kk
AEAE AR L A R A AN B e B, Bl
) PNS A il & 2 ANARPEEE o

B IHY E KT HF R AE S B A
[ 35 3F ABF 50 AR SR 1AM 75 dy 6 K 4.
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