EoOOBELE
2009 FF 4 B

B 4K AL Apr. 2009

Modern Chemical indusiry - 53 -

pH 0% 0 —FRH IS RBE B AL 9K By
il 25 e RAE

BEXEL kAL KER, RF B
(1.RERXFHRIT SR, RZE 300072; 2.8MFEEH 2,7k &M 061600)

HE:H Sp-MMERR (58-CHA)XT 0 -7 H 355 BWE (OCMC) 47 B /K B , 328 1 Jiie 3t 455 (SDM) AR 5% 3 pH S0 , 76
pH = 9 I BETR 5 22 wh ¥ Vi oh 4% 17 %8 Ry 41 2L EL A BB 1R W 7 1) LR GOKREF o P399 KOBDRL 2 #E 100nm 7245 , HLBE 58-CHA
B BRI 55 -CHA/ OCMC KBL APRLAR IR/ o 2288 9 R OBL AT AR 119 1 57 R BB YR BE (107 mg/mL) , 7E pH = 7.4( AR IE %
pH) KB R F R E . T 49 pH < 6.8(MRT 4147 pH) BT, B4 SDM 1) 4 K L T 2 T 48, B A2 B 1 , FLIE
SDM 45 & ) 36 i pH U : 3 58

KER : A RGN ; 0 - 3R F B50 B0 pH OB ;58 - HBE IR s B i s 46 3

fE 45 %S R4 XARARIRAG : A X EH S :0253 - 4320(2009)04 — 0053 — 04

Preparation and characterization of self-assembled pH-sensitive
O- carbohydrate chitosan nanoparticles

QIN Zhi-zhong"', ZHANG Feng-bao', ZHANG Guo-liang', SONG Xiu-juan®
(1.School of Chemical Engineering and Technology, Tianjin University, Tianjin 300072, China;
2. Cangzhou Normal College, Cangzhou 061600, China)

Abstract: A novel cancer-targeting drug delivery system is synthesized by self-aggregating of O-carbohydrate chitosan
(OCMC) which is hydrophobically modified by 58-cholanic acid (53-CHA) and grafted with sulfonamide(SDM) to enhance its
pH sensitivity . The self-aggregates are successfully obtained in phosphate buffer solution (PBS) at pH 9.0.The average diameter
of the particles is approximately and uniformly 100nm, and the particle size of 53-CHA/OCMC decreases with increasing the
degree of substitution of 53-CHA due to the forming of a tighter hydrophobic core. With low critical aggregate concentration
(CAC) of about 10~ 2mg/mL, the self-aggregated particles show great stability at pH 7.4, which equals the normal pH value of
human body fluid. But bellow pH 6.8, which is close to the tumor’s pH value, the particles bearing SDM show good pH
sensitivity by shrinking and aggregating. The pH sensitivity can be enhanced with the increase of substitution degree of SDM.
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OCMC Ky il #& 2% SCHR [ 11 ] 3F B8 H 3 : 1 000
mL = AMHIA S5 g 5ERWEF 50% NaOH ¥ , 18
FUIBEREORAL 2 h, RIFEWOKIBEH AR EZE 2CHEER.
B—ERBHAZRKRSE 20 mL =58 F/KIES BRE
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FREX 0.2 ¢ OCMC ¥ f# T 34 mL ZZ /K, A
102 mL B B R [ B A 58-CHA M A ERIBEE R
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BT S 58 -CHA By BRI R B KR ARA ,
WA R A R B9 4L ). ¥ 0.5 g 58 - CHA/OCMC
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12 k FBENREN 3 d, F T WEFT-FTEER
B 3 WAB 4R =4 58 -CHA/OCMC/SDM,

e B £ A0 6 1% X (FT - IR) 1 4% i 4% 4% 41X
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GH,0CH,COOH CH,0CH,COOH GH,0CH,COOH CH,0CH,COOH CH,0CH C—SDM GH,0CH,COOH
S 0, of _3B-cHA 0 0 g SDM 0 0, g
Y EDC.NHS ™~ Y EDC.NAS ™ 7 0
OH>" Ng, OH NH, N, OH NH N, OH o

SB—C/HA 5B-CHA

B 1 5B8-CHA/OCMC/SDM H#y & %

58 - CHA/OCMC 4L %h 6% B 5 OCMC #H bt
1631 em™"4b B MR W e B 3 5%, R B3 54 -CHA ©
T B E BT oCMC k., 58-CHA/OCMC/SDM
B3 B H,1 249.61 cm ™' (SDM HF HI 4R 3E) |1 154.74
em ™' (SDM H S0, # F fé 45 9% 30 ) & B A T b K
SDM #4887 OCMC E (I ) o

58-CHA/OCMC Wy G IR A H,5=0.6 ~
2.6 )L EiIERE 55 -CHA B FF1E 1§, H 9 0.70.
1.16.1.19 Kb #4506 43 ) %F B2 F 18,1921 4 F 3%
58-CHA/OCMC/SDM M B #E Lk S i, 6 =17.6
(SDM H % 3F F H).6(SDM H M5 BE 3R E H).3.7
(SDM HHEH | H)F 2.05(GF B AR )FH 58—
CHA #1 SDM € B2 #EA 3] oCMC | (EIBg) .

2.2 FKABIHY IR R

EHRABI/ A LA pH=9 i PBS il &
T BB KB AIRRL, BT 115 B 95 KRR B K
W%, T DL BB K HE 259 5 387K S 72 7T LULR R 440K
PR EME. R 1FH T 3B HEEHX(DLS) W15
HI/NIF 58 -CHA F1 SDM HUAX BE A9 44 K KL #E pH =
7.4 JABRWEE 1 mg/mL A 7K B 9 BRAR DL &
RGN I R REWRE

%£1 5B-CHA/OCMC % 58-CHA/OCMC/SDM

o 5K i 1 R
. cAC/
BE DSsp_cua  DSspy  Hif&/nm )
mg*mL~
58-CHA/0OCMC”* 7 147.7 + 28 0.038
58-CHA/0OCMC 12 128.6 + 24 0.023
58-CHA/0OCMC/SDM1 12 19 96.2 +17 0.026
58-CHA/0OCMC/SDM2 12 35 103.8 + 27 0.031

T R (DS) 2 A4 100 A9 L I0 B & iU ZE T I 50 E o

" WLBEE 58 -CHA BURBE B3 hn , - 359242 98
/N 3% R R A K 32 B 3 I 4E 43 8 R 43 F TR B
IKAEELAE P8, 3SR AR 4 K, B L T 38 R B B
KL, BEE SDM B BE B9 5 b0, B4R A BT
K, I W RE 2 SDM B2 A% & 18 I, 3% m T K %
JBE 44 K L B ¥ ik . 58 - CHA/OCMC/SDM 14 %L £
7E 100 nm [, XFRAER T 5 - R ESEEA
MRSTEBAHSE, FEDNTRRAEARRSE
(RES) i e IR R T R B 23R, T AT RA3k B0 A 50

RTHE a1 R
2.3 HAENAHNHGERRERE

PAE R 9% S6 R 4, Xt 58 — CHA/OCMC 5 58 -
CHA/OCMC/SDM #47 T 9%t 6 ig 5% . Bl 2(a) 2
58-CHA/OCMC 7E Z& 18 /K o 19 920t & H ot 5. B
58-CHA/OCMC ¥k B i 34 fin, B8 B 2¢ 5 & 59 52 & 9
BIAR, RAEITE A TR EREAR. B 2(b) Ui
T I,/1; {56 58-CHA/OCMC ¥ & LB 1E Lo A%
REVWER, I/ E#E THEKPHHE
(1.87) ,FEEPRMER G YRE R R, Bt —Ik 7
WEERT, 1)/ 1, (AR AR, UL B T B /K B X 19 26 AR
B 2(b) Fr K-S R ST RN L ¥R BE B R CAC,

I 2.0
6 1.8f
~"1.6F
=
1.4f
1.2
350 370 390 410 430 4 3 2 1 0
Pk /nm logC

58-CHA/OCMC Jfi & ¥k )% /
mg-ml.~':1—1;2—0.5;3—0.25;
4—0.1;5—0.01;6—0.001
(a) PRI EE
B2 58-CHA/OCMC B 7% X & 5t 4 Fo
L/1; 5 3 30k E Rk &

ARBAE R B HR KRR CACEH LK 1,
B A 2E 40K B0 CAC 1B /N T/ 43 F 3R 1 1 1k 51
A RS R MR B CAC B, TE KA PN R g, FHE
58-CHA B EE Ay 3% i, 58 -CHA/OCMC /4 CAC fH
/AN 3% SR PR A K 32 B B 0 4 9 B4y F 1D
A BT 7K AR B AR B 5R , FE R A R A T BRI
BRE, B TEHEYRE/NR T RZMIE
BMREWB AW AR F. 58 -CHA/OCMC/SDM
H1,SDM X} CAC {E LA # Wi, % # SDM J5, CAC fH
BT K, T WL SDM MBI ASEIN T B A3 MBS .
2.4 HAERKNHBEESH

s 0 BT A5 B AR ORI RR B, S BN B R
T pH=7.4 BHR BE A K B[] 5 2R 40 %o 49 KoL T L A2
FIREA o 455 s 2 TR TE A (A TR B 5 8 3l 5 IR
E 10 d, KR EEA T,

(b) I/ Iy 5 X e &
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2.5 BHFEHKKNE pH SEMESH

TR B A YOKRLRY pH U, B R T
pH X4 KbL FRIAZ RN, R 2 5 T 7R [F pH
) PBS HE 4 K RL T B9 - B ki 42, B 3 2 58 -CHA/
OCMC/SDM1 B &40 KB 7E pH = 6.8 Bt B35 & 5
A ER A,

#2 BEEMKKAETRF pH K PBS B H 2

pH
BLAZE/nm
7.4 6.8 6.0
58-CHA/0OCMC 96.2 117 178
58-CHA/0OCMC/SDM1 103.8 996 3040
58-CHA/0OCMC/SDM2 128.6 1253 3310

OGO S S Sy

K3 pH=6.8 i 58-CHA/OCMC/SDM1
HAKRMKBEGR A AW B ER

%t F 58 - CHA/OCMC/SDM 44 % %i, %4 pH M
7.4 FEE 6.8 ML BRI B , pH BUR IR H 47, H.
B B R 3 0 pH SRR PR G BR . IX AR A B 1
AEHEFEMRFRAENE K, HEH TRER T
REM &R R SDM H 5B i3 B A 5
PR , 76 D B 1R B 5 v i A v B, T 7 i R TR 3R 5%
T3 WL B, {6 499 DKOREL - 3 T i 7 1Y | 7 0B 20, R 2
B J A 0 e HE R JT BEA, 55 Ah B T SDM. AT L S
Ve PRI T 58 JFC 58 ) A 3 7K 2 T 8 A g K L R Ut
GRBLF R A RBER, KRBT I B BT 5
KX, BRI, WK 3 FH,58-CHA/
OCMC/SDM1 ZK KL T R A4 T iR F A R4 538k, R
FRHRAXBIHORER, T, SEBAWH
YUOKRL T ARG , 9K R R A TR FL A R
& AT LI E AR

XFF 58 -CHA/OCMC 49K AL, pH FEAR B, FokE
BAE TR, EEHARZL, X ZFE R 58 -CHA/
OCMC 43 F#5 b i T RERE M A7 7E M K £ B MW
T AL B, E VA A B PR A5, IR 3R B 58 Y
pH U

3 S&iE

F1 58 -REGERR T O -%2 2 7e TROBE BEAT B K 2k

M, B2 B e b HG F DAY SR pH U, 7E KW
Ml T BABEPN KRBT FIEHRR TR AELE
100 nm 2245, Bii 4y A %5, ELBEE 50 -MH be R Be A &
R IR AR W /N, RBATE B T B R B B K O
B G0K BT B A BARM G AR E WK E (CAC =
1072 mg/mL) , 7E AN RIE 3 H4UH) pH(pH = 7.4) Bf &
REEERNREM,H pH< 6.8 (R ALK pH)
B, B SDM M4 44 K hr 7 R4 R A2 R 3, R
R ZUAY pH UM, HLFE SDM 2k & /Y 34 in pH
RRPERE TR

SE

(1] PhSr 3, M TR, R =, 55 R 36 5% BB /K B e 1 1 4 B He
TEZ YR B [T . 5 43 T2 6, 2004(2) : 191 - 195.

[2] Shigehiro H, Ken-ichiro H, Kei H.Some N-acyl derivatives of O-car-
boxy-methylchitosan[ J] . Carbohydrate Research, 1992,225(1):175 -
178.

[3] FEIF, mer, AR, %5 PUORMER P T RN AY R
T {5 PERTFE [J] . 0 S5 2 B 22 22 4, 2004(1) 99 - 102.

[4] Shin-T N, Yoshiaki M, Longdi R, e al . An efficient method for the syn-
theses of novel amphiphilic polysaccharides by regi O- and thermoselec-
tive modification of chitosan[ J] . Chemistry Letter,1993,22(9) :1623 -
1626.

[5] Shigehiro H, Takehiko M. Novel method for the preparation of N-acyl-
chitosan fiber and N-acylchitosan-cellulose fiber [ J 1. Biomaterials,
1998,19(1/2/3) :293 - 297.

[6] Seunglee K, Jae H P, Hesson C, et al . Physicochemical characteristics of
self-assembled nanoparticles based on glycol chitosan bearing 5p-
cholanic acid[ J] . Langmuir,2003,19:10188 — 10193.

[7] Lee K Y,Jolck W H,Kim Y-H, et al . Structural determination and inte-
rior polarity of self-aggregates prepared from deoxycholic acid-modified
chitosan in water[ J] . Macromolecules, 1998,31(2) :378 — 383.

[8] Lee K Y, Kim J-H,Kwon I C, et al . Self-aggregates of deoxycholic acid-
modified chitosan as a novel carrier for Adriamycin[J]. Colloid Polym
Sci,2000,278:1216 - 1219.

[9] Jae H P, Seunglee K, Ju-Ock N, et al, Self-assembled nanoparticles
based on glycol chitosan bearing 5 3-cholanic acid for RGD peptide de-
livery[ J] . Journal of Controlled Release,2004,95(3) :579 — 588.

[10] Liu L,Jin P, Cheng M, et al .5-Fluorouracil-loaded self-assembled pH-
sensitive nanoparticles as novel drug carrier for treatment of malignant
tumors[ J] . Chinese J Chem Eng,2006,14(3) :377 - 382.

(1] BB, SRR, . O — R Y JE 58 SR FO ol 4 B B2 I F 52 (3]
Fi 4 F i it ,2004(4) :59 - 63.

[12] Nichifor M, Carpov A. Bile acids covalently bound to polysaccharides:
1.Esters of bile acids with dextran[J]. European Polymer Journal,
1999,35(12) :2125 - 2129.

[13] Yuan X B, Li H,Zhu X X, et al . Self-aggregated nanoparticles com-
posed of periodate-oxidized dextran and cholic acid: preparation, stabi-
lization and in-vitro drug release[J]. Journal of Chemical Technology
and Biotechnology,2006,81(5) :746 - 754.



