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Preparation and Sustained-release Performance of Electrostatic
Self-assembled Hydrogels with CMC/Cationic f-CD
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Abstract: A novel pH responsive hydrogel was prepared for the controlled release of hydrophobic drugs and cationic f-
cyclodextrin by introducing hydrophobic cavity into the carboxymethyl cellulose (CMC) network , based on electrostatic self-
assembly theory. When the assembly time was more than 9 min, the degree of substitution of cationic f-cyclodextrin
0.68 and the solution concentration 30% , the content of f-cyclodextrin in the hydrogel can reach the experimental
maximum. Due to the changes of thickness of the cross-linked layer and the electrostatic repulsion between the CMC chains,
the equilibrium swelling rate decreased with the increase of buffer pH, and the gel structure became denser as the pH in-
creased. The loading of drug that depended on the content of S-cyclodextrin in the hydrogel could reach 215.33 mg/g, when
chloramphenicol was chosen as a model hydrophobic drug. The kinetics data of the drug release were analyzed according to
Korsmeyer-Peppas model. The hydrogel showed Quasi-Fickian release behavior in the buffers at pH 4 and pH 6, while the
Non-Fickian diffusion mechanism was observed at pH 7.
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eI a1 S TOAR L bR, T S-ERRIRS (6-
CD) 5 41 4 2 K HAT AW LUK SRS R AR A T4 3%
k4.

B-CD 1ER—Fh BAT R ROB 57K 25 B S5 A IR
B0E, AT AT R sK M2 Y R R A
AR LA HaE T, 2038 i s 3R A 0 vk il
#153%8] B-CD HEFYER EEM BHASS G R KEERE , (BAE
il £ 3 o v 5 e AT R A S e P O) ) s KR
SO T TS K BRI B A I AH 25 PE. Ghorpade 4511
W3 FA R A R TG B I 3SR 43 B & AR 80 T B-
CD/FR N FE B B AR e R AWK BERS S5 B-CD/CMC 58
WRAKEEIE , 5T TR KB R Rt 7K 245 1y ] R el 1)
Hehbehe. e IPIET CMC H5HET B-CD [
HAH EAVE AT 21 T A LB DIReLr 4, 1 40 it
T 2RI K AL B, ek B S AR ST LT Il — R
B, AR 28 A ARkl 2 K BE R A A B DG R 5
Rk,

AWFFORAIA] CMC 5 FHE - p-CD Z A #EE
YER, Jois 25, Lh—Fh i (8 251 1 /0 7 vk il 25 1521
BRERY [ KB T sk P25 Y i Bz . E it
FITR . SEM & RAE 7 0 Fir s [ 20 27K B g S A
REEAT A0 0T , I % PH B A TR 3 L Al e i) | FH
+ B-CD HUCEESE L B X /KB IR T () 5 ),
WOKBERCAEATR pH 2508 F A B MERE , BRIk M
YA RO pH USOKEERE i BEHLEL, I
HAIH Korsmeyer-Peppas 5l J12# BRI A 25 W0 RETiL
HhZk.
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FREL 10 g B-CD FHOBHH, IA—E B A
AN, T 70 CHEIRBEFE 5~ 10min J5, A
2, 3-FRGEIN I — LA (BH Pk fess) + 70 C
TR Sh. e, K CEER, R R
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1.2.3 B4R KRB AR 64 ] &

CMC HERABHE T p-CD IF R H R A T4
T B BE R A5 RN I L 5 BEAIK, MR CMC g
HIHEF B-CD #HT41%E, UM AR MARAS T E
P HERERIN AN, . DAZEIRK R, B CMC 1E
40 C T HEFEUA AR, BT R M B 5% ROV, A
10mL P =8, fiEHE9 5705, DL 2 500 t/min A4 %% 80k
FTESOIHL 6 min. K B0 5 A TRE AR SR, +
55 CHUR T = ma e, BIfS CMC . B 03 ¢
CMC JERIEAE 20 mL — @& W R PHE 1 B-CD K
Hi, 12min JFHUE, RIFS CMC/FHE T p-CD H 4%
TKEERL.
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mg/L.




F A XK, %F: CMC/FHEST p-CD e [ AURKBER A il 5 ML RE +3-

FREGA T T8 50mg F 25mL o
BHL A 10mL ZEI8/K, ZJE A 2.00 mL ¥ N
3.7 x 10" mol/L M BEIA W, 7EFEEH L 110 t/min
PR 2h, TEINA 2.00 mL ¥ 2.8x1072 mol/L
HIIRTRENS I, A ZE 25mL, #2457, 76 15 min Pyl
FEHAE 552nm ARG RE , FEIAS OB AR A ETH
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FREC 1 mg 48 TRER S 100 mg Y6i%%% KBr K
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HEHIPRIUA S R 100 mg, TEAFIA Frh s, &
T 100mL ZEaifir, IR B R 208, #57, Bol
I mg/mL MR, HEFFEL 05.1.0,1.5.2.0.2.5,
3.0mL 3 E T 50mL i, MR Rz, H%
MY IEIEEETF 278 nm AbINE R OGRE , 45 FhR v
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KB A, = 0.0834 + 30.2300p, , R =
0.999 83; /it A pH =4 M MHIEET 4, =0.0966 +
29.4770py, R* = 0.999 94; /1 i pH =6 2% st
A3=0.0765+29.662 1 p3, R*=0.99951; 4+ ik pH =
7 OS2 th I A, = 0.0858 + 29.5690p4, R =
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W N 1 mg/mL ASEEZKER, 240 J5HUH, 78
40 CHUFA T 1. W12 T /K U8 e i T 4 1) S B R TR
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P AT R SWOGRE Z IRl 5C R AR 2R, THAAE
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1.43 ARSI Bk L 5

FREUZRZ5BERE S0mg, 43 BB T pH 4.6.7 Y
50mL 2w b, A (37.5 = 0.5) C B 5 K 1 LA
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X O MR @ YWIBFE R IR R 1 RBVRICR, % 5 p N
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Tab.1 Verification of electrostatic self-assembly

LR SR AR AN B
1# CMC JI + Z&1K b
2* FH BT B-CD + ZEMaK "
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AT, CMC BRI HAFTE (R I 17 5 7 2 [B] A e
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Fig.1 FTIR spectra of different samples
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Fig.3 Effects of different concentration and degree of
substitution of cationic £-CD on f-CD content
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Fig.4 Swelling rate of electrostatic self-assembled hy-
drogel at different pH values

2.4  IKERRIRIR SRS 1

R 412K BRI (F 428 4 M BB T p-CD
JF SR 30% . DS 0.68 . S it A] 12 min) 7EAN[A] pH
G P K S M OWIE SR AN 5 B, #e A4
BOKEEAE pH 4 5 pH 6 M MR HIEIKG , BER R
P BN ZFLEEAE , AR T AT LRtk = 4k B i
LREERL , A A B2 AR AL RALIA, 3= R F K
EER PR | KA HI K, (R B E— 2 B T 20K B A
1E pH 4 5 pH 6 5F T HA B MK S0 5 AL
24 pH ARSI, BHBH =2 (8] A A 5
SR, JBE S A I SE IR BRS04 1 LR AT
FE R R, AT LAMIEEE)Y pH 7 5 pH 8 I HMFLAR/)N,
FEAR T RBUOMIAEZEAE , BEAT T FLAE W0 1 1 %
KR, AR BT R R, 76 pH 10 1, SRR
NRTE 5 S BB () e s R, iX AT BB CMC A KR

IR AR E B TR EUR R A 2 P AL
W L AT AE A I A Y T 4.
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SEM &

Fig.5 SEM images of electrostatic self-assembled hy-
drogel in different pH buffer after swelling

2.5 ZYBEEREMIESE

L CMC 5 DS 0.68 HJFHE T f-CD dl a1k
BRI, 25 p-CD &l 12.36.34.14. 69.69 mg/g
IF, AKBER AT A R B w5 11.43.33.33,
215.33 mg/g, Hodwm B2 5 ] ik R SR /50 MK
BRI A R 2GR 10 f5LE. IRANE B,
ZytffifT B-CD & A3 KIMG C, X AT RE 2R R 2l
Yor+Y5 B-CD ZIH& S8 KAH BRI
i

Kl 6 RhEkzhiit 215.33 me/g HIZRZHEENE GREEME
B %I E F B-CD it 4340 30% . DS
0.68 . W IF[A] 12 min) ZEANE] pH 544 F (R 24 il
. 7T pH T 2h NS BIKBERL 251 58
FE, 4 pH 4.6.7 B, 2598 120 min 1) 2R
FOGNH 47.74% L 42.37% . 32.05% , iX FEIEF I
MR 7 2 h SRR R , 2
THAK MR E R, 2 pH 4.6.7 I, 2598
720min ) R 3 0l K 53.46% | 48.86% .
39.60% , HA7HH 5 1458 il 2 AL
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Fig. 6 Drug release curves of self-assembled hydrogel at
different pH

TELP RS R, [P Bl A S B B 2R 45 1
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DL i Korsmeyer-Peppas 15 U > $fi i 2% B¢ 5l 71 2
HLEms 24

=at" (5)

M
op %%%%Ewrﬂ ¢ SRR s o RE

R SRR

% 2 WA REBY Korsmeyer-Peppas 3/ /]2
BRIBHL SR T o), B pH 4 F1 6 B,
n<0.45, 9P RALEE T Quasi-Fickian HLH, It
A B AR 55 2 2 [R) AR A R 048855 5 pHL 7 B
0.45<n<0.89, J& T Non-Fickian HLE, 15t HI%E LB
RS2 2 R A BAE T R 2 n=0.89,
J& T DA SR i 3.

x2 SEZEMNSNFRESH

Tab. 2 Parameters of different kinetics model for
chloramphenicol release

pH a n R LA
4 6.63 0.3416 0.816 48 Quasi-Fickian
6 3.89 0.407 5 0.926 84 Quasi-Fickian
7 1.99 0.479 4 0.949 21 Non-Fickian
3 & it

(1) it L AR R BRI AR B T LA & 21 b
JeiE AT, ER CMC/BHES 7 p-CD /K BERIE A 4K
B R A A, R KB FHE T B-CD HIAT
TE T RORAREE B BB i AR T B B AT, A
Sy CMC A BT P A kAT o B s o 1

AAMBEREER B & B W

S PRI a7 BRI A L

(2) CMC/FHE T B-CD ZKEERE BT IR Bl pH (1)
RN, HAT R pH BURE, [ L ROE
SATEARIR pH A0F Tt B 25 5, 4550 5k
PERERY pH USRS THAHAT.

(3) RS2 W R S B R W] CMC/BHEE F -CD
IK BRI B R A KB R E R, e T
)R 2 R AR T IR M 25, SR Korsmeyer-Peppas
BRI R 21 R 04 8 F1 2 B A T8, 76 pH 4 Al
pH 6 [ TP 444 Quasi-Fickian #L3, Mi7E pH 7
B 2%t 454 Non-Fickian HLFE.
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