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1.3 AERERASBE p-ABMERELEAKER
(AA-p-CD-6-A) BI & B

Yk AA 5 B-CD6-A—EMNERKIHL
BT 3 ml FRIEAKP, R ERAER A MALR
HURBRE 10.6 mg HEH TREMSP,EA 20
min 5, MA 27.6 mg T RBE KB RG4S,
EERTES 4h EEREBRAEREEKT,
2 hEH—REEK S KEHKEETERTHK
FEE=Z (50C) THREEE.
1.4 KERBEKZENNE

FREBENE KB ROEKE (SRR FEE
R(ESR) EEERET , HEEBETHEN
HrE(AAHFE FRE AR pH E% iE R
AEETRENER P, EHEK. ERHFE
B3k g a BURE , T8 KRR R K EIR R E MK 2
JEREEER SR=(W, - W,)/W,,ESR=(W, -
W)/ W, B w, ¥ TERTE, w, AHEE 6
ZInt KRR R B W, IS BT S K B
MERE.
1.5 Z&mAmAELH

pH=2.0~3.5 WEAWHEBIERN HCA-H R
B ;pH=4.0~5.5 FEMWIE R R HAc-NaAc;
pH = 6.0 ~ 7.5 B9 2% o ¥ B & & N Nall,PO,-
Na,HPO,; pH = 8.6 ~ 1L.0 B Z HME R E R K
NaOH-H €/, L L ¥ # ¥ LU NaCl #9795 B 138 B
1=0.1 mol/L.
1.6 HHEAHZE

¥R R N 60 mg, BB HIEE 4510 50
mm Al 1.5 mm ) AA-5-CD-6-A THE ., BT o
(CHL) =0.8% , %/ V(AE) :VOK) =1:1 1
CHLE® B, Zi FHE 3 X, BULEEREIE K
BHERZ,ETERTETE .  RAES TRE
FLFRERE RASHEKREANENREE
KB, HERILEL.

Table 1 Results of the drug-loaded hydrogels of AA-B3-CD-6-A

s
4.83

PAA ITa

5.23

Ib
5.61

Sample

w(Dwug) (%) 6.29

1.7 HHBRITERENUE

SRR N AA-B-CD-6-A KEERCIR T
25.0 mL B (pH=2.0 8 pH=6.8 B TFEE
0.1 mol/L MIEME ) H K REBEE RN 37TC,E
HHH 5.0 mL BB, [EIET R A A& R AR 3E 5.0 mL
R i, AR R R R R RS

Al WA EBH AN EE.

2549 CHL 7 A [F pH At R E & AR /Y2 5t
SRR, AT EA L EERESE A
PR TAEER, A, =260 nm A EEK, HER
A8FpH=2.0,4 = —0.00987 + 8271.3C, r =
0.9997; pH =6.8, A = 0.02638 + 13694.68179C, r
=10.9987

2 ZR5WiE

2.1 WIHER p-SRMAHEEE B-CD-6-A A H

B-CD 5 HAHBMEREN DCCHWIEMF, &
BB - 3R BUIE i 07 1 A 1B BB AR (LA
Y s TR, B A R YR, 3UE
R BB E] AR S BB E A F =4 AR
BILEEMa s ET LRI, EERAERE
A3 K, 1718 om ™' Ak ¥ AH X 0 W S BE BE 22 38 K,
2938 cm ™' &b H B AY I R Y C—H M4 TR ED
WA, SR MR, B, T B AL R EX
BR(91, % LA 1718 em™ ' Ab YIRS ETEHF , LA 2038
em™ ' AL YU SR B L, PR R IR & BRI AT L
H Y SR EMBE LA HIRRAEZREX
A0 AT LLGE A b % b B i R i E R
Jii
2.2 FER pIFMFEEEB-CD-6-A B MRAL

ERAFABR B-FAHBEERN OB E
1718 om™ ' Ab i B T &5 2 P BB L (1B 45 R 3 R Uk
P ARATERAENAR, HBEARFZR.
HH C—C 8 45 Ik 30 % 3 7E 1640 ~ 1680 cm™ ', B
TR AE I R ER BTN T ol B B R W B
HEUSPEFHEE S C—C MR, B
REILIRIE IR E AT A TR SR E K 1 2 8-
CD-6-A BB R S8, i THEME 6, =
6.37 ~5.81 19 3 U5y IR IR BEEH 3 MRS
BT Wi . 5, =5.18 ~4.95 2P 1-H 4k
AR, TR ENZ A8 n .
B ah, B TR E A AL i PR T S S iR 1E

- WA EL, iR LS BB XU D 2 A

3WAEMHITTLRESWRE, RN, HikE
(%) (BARER 2,8 FRHA CeH, 0, - 5SH,0)C
43.18,H 6.45; LW EH (% )C 42.77, H 6.48; Hip
B (9% ) (BURE N 3,4 F3 b C, Hy 0y - 4H,0)C
44.60,H 5.76; LKA (%) C 44.17,H 5.68.
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Fig.1 'H-NMR spectrum of 3-CD-6-4
Solvent: D, 0

2.3 HEH AA-B-CDG-AHESH

5 W et A ) B B Y R R i P (T A
B-HHIKEEE 8-CD-6-A H—EMNERBIL(F 2),
SREHRE AAXEBITRAANRIINERY L
a, [bfla,Ib.

Table 2 Feed composition and copolymer composition of hydrogels AA-

B-CD-6-A
Sample Feed ratio
n.8." Code B-CD-6-A AA(gig)
2 Ia 0.3:0.7
Ib 0.4:0.6
3 Ma 0.3:0.7
Ib 0.4:0.6

* D . 8. {substitution degree of 3-CD-6-A) calculated by ' H-NMR.

2.4 4 AA-P-CD-6-A BHMNRET

AR 4 FOIL B OB AL S B P,
3480 e RN P RERN O U SHMHE P
O—H {45 Bz 34 & W %, 7 T 1160 ~ 1260 cm™'
RAMHBP C—O0 MRz, 13 W I R IE R
K C—O0 A IRDLTF 1020 em™', B — %
W3R B HE SN S B O 3 0T B 8 . O AH X 5k
FE 5 R R o P AR A B I LE A AR RN I
2.5 KEBRBREKTANSAFESH

KT HBEAMT B AA-3-CD-6-A KEEBHE
Bt 2B IRATA g sh ¥ sty T i k.
2R A Peppas!™ # B %R (1) W KB IETE pH =
2.0.pH =6.8 F pH =11.0 K55 o 41 I T IE K

=2 b A (] 8 E Ak i T 4 T
n]:fl; = ktn (1)
In }Iil/[l; = nlat + Ink (2)

A K e RE B n ER T 8B WK SRR
P . &L (DR, HEX(2).Fn=05
B R E R BB A Fick T 8IME; X »
> 1, 7K IR A B R o 8 AL ot A s il 5 2
0.5< n <1 B, W2 i EERE 59 ¥ T F0 K 8 4 B i
() 42 i 9

RIPERLpH=2.0 P HEKIH¥S
B, REERFREKERNEKSREFHTEA(2)
WA ARBRMHXERITNEE XA, XFE
REZNEP . EREERNNSEN . £ pHER
6.8 11.068F, Taf I b n{EH7E 0.62~0.73
RN, TREEN RS, KERMNEKTIERD
KT ROt e, X Eh TER
EP XERKERERRERE(TEERE
40.09~53.97), M HafIb,A n{E45H 0.40,
0.47 M 0.55, RBEFRKER EEZHEF A
PHEEN XS5 EMHERERERRAL. K
A2 RN S B 4 4 F (R4 A O AR o
S B L I 2B 4 T R K Y (PAA) FE X
PR BB R o EH53 5025 0.64 F0.62, L ZLE
P 2 R K B B R 3 e AR 3 B [B) 5 AR AY , T 0% B
BHEBREESSIFMEN Laf I bMHE(EH
HWREER ESR 433 53.97 Ml 47.19), ML Eitigik
R EE AR ERERNEBETREERE
MITER .
Table 3 Dymamic and equilibrium swelling data of copolymers PAA and
[ a~ I b at various pH values of buffered solutions at 25T

Swelling & (min) Corr.
Sample code pH ESR”
exponent r x 107 coeff . r
PAA 6.8 0.64 0.77 0.9961  53.97
Ia 6.8 0.73 0.48 0.9954 56.43
Ib 6.8 0.69 0.61 0.9963 42.12
Ta 6.8 0.35 2,49 0.9781 14.79
Ib 6.8 0.47 4.36 0.9750 8.65
PAA 11.0 0.62 0.96 0.9938 47.19
Ia 11.0 0.67 0.74 0.9877 51.26
Ib 11.0 0.68 0.69 0.9933  40.09
L 11.0 0.40 6.00 0.9868  7.34

™ Equilibrium swelling ratio

RI3IMW o HERH, REROKEE R WS K
NS Fick B, Fick Eft A — S8 8z h
FER ENEERETBaANT BHARMT &
BYWEEEEISIRPYERER . MEEES
EBE KB R F 2R IFIEFH. Schou™
XERSBES T - TREA A hELE
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AP EH s WYEELEBENT , E—FT
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= 1/ M, , B EE 3k B 75 B - e R K B i 98
2 HEBKAVEN B, e >> b, Bk, B o
bogikaod 2= A0k
HERHEREERIEPRBRNEENRAT
FRO)TEHBEMERLR, RBFHHEKE(M/
OMERSERIBENMNBEIFREFNERXR,
B EH o« Fld RAEXRBFTITER 4.

Tabled Constant « and b of equation 3 for PAA and [ a~ [ b a
various pH values of buffered solutions at 25C

Sampl code pH 2 b Corr.coeff. r ESR™
PAA 2.0 26.3906 0.1532 0.999 6.08
Ia 2.0 23.0711 0.1540 0.9992 6.07
Ib 2.0 25.1637 0.1780 0.9999 5.21
Oa 2.0 10.7602 0.3943 0.9986 2.43
b 2.0 17.3707 0.4959 0.9996 1.92
PAA 5.8  10.879% 0.0163 0.9953  53.97
Ia 6.8  9.3727 0.0151 0.9964  56.43
Ib 5.8  11.9527 0.0206 0.9968  42.12
Ma 5.8 12,3167 0.0625 0.9933  14.79
I B 6.8  12.9840 0.1098 0.9991 §.55
PAA 1.0 9.7261 0.0184 0.9919  47.19
Ta 11.0  B8.6836 0.0161 0.9926  51.26
Ib 11.0  11.3131 0.0203 0.9920  40.09
b 1.0 19.6567 0.1228 0.9891 7.34

* ESR : Equilibrium swelling ratio

SHMEHRERE(Ia. I b . Daf Db}
pH=6.8 rf LT H o« HD BN 9.3727 < 11.9527
<12.3167 <12.9840,7F pH=11.0 At FEH (I a. I
b Ob)K o {84 3k 8.6836 < 11.3131 <
19.6567 , B] I, % FE 0 B0 46 ¥ ik 2K 4% B o8E 12 A2 Bk AR
FE 8w s/, B b (B4 314 0.0151 < 0.0206
<0.0625 < 0.1098 (pH = 6.8);0.0161 < 0.0203 <
0.1228(pH = 11.0) , 3= B Bk B iy & K F iR K&
B o, [ A B R (1 48 o T el 0, X 5 A AT IR
&5 A3

B, P EEKE(ESR)E [a 1 [ b HIERK
WK EER PAAE I AR P b EHS
LaFITb i o 15 fEAHL, 6AH BERC IR0 G 38 11K
AR AR KT A v R B AR T A A SRR
FEEE.

2.6 AA-B-CD-6-A kB CHL HIBHITAHH
%
— R T, YA E R PR E A
B Peppas SRR R
InW = nlnt + Ink (4)
W oREHITE : RE R RIBBRA Bk AERE
,n BRAEREFUILH RO IES 8, X T B AT )
M E , 4 n=0.50F 25 ¥ B HHLH Y Fick & B

28f

]
B
T

Cumulative release (%)

Time (h)
100,

Cumulative release (%)
(¥,
=
T

0 5 10 13 3% 25
' Time (h)

Fig.2 Cumulative release profiles of CHL from the loaded hydrogels
(PAA and T a~ II b) in buffered solutions at (u) pH=2.0 and (b)
pH=6.8 a 37°C

Table 5 Analysis of release kinetics of the loaded hydrogels of PAA and
Ta~ b at various pH values of buffered solutions at 37°C

Sample Rlease kx 10 Corr.

pH . ESR™
code index n (min) coeff. r
PAA 2.0 0.41 0.77 0.9956 6.08
1a 2.0 0.39 2.26 0.9544 6.07
Ih 2.0 0.35 2.03 0.9886 5.21
Hb 2.0 0.28 1.36 0.9934 1.92
PAA 6.8 0.53 1.50 0.9849  53.97
Ia 6.8 0.66 1.42 0.9734 56.43
Ib 6.8 0.61 1.41 0.9758  42.12
Ib 6.8 0.33 4,23 0.9813 8.65

* ESR : Equilibrium swelling ratio
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EH;Z0.5<n<1.0 0, 25 RBHHH NIE Fick
VR RERERBRER); L n>1.00
B A BEMBILE . BB BREHBEERL
=5.

SZEFR,MA 0 HE,. SARM pHEH 2.0
3 6.8 b, BRTEKERLR /M Db 4, HEKE
JBE B B UL e 4 B T B B S B e
mRERTE SRR FEpH=6.8 HHT, %

HLYBERERB KT pH=2.0 BHE5 ¥ B % PAA
AR KEER,E pH=2.0 F1 pH=6.8 i f
THEP RESTHENKER Ib HBKR
(5.21)/MT PAA MOPRBK % (6.08) ,{H 1 b %54
FHBHEXT PAA NEY BB R, RHK
BEA—-ENRBEHN.ERIbAYMESED
AT TlafiIb, HE FHEANZHKEE (LF
BRBEDFIaMIb), EXEBRHMEPHY

BEEETFAE  FRENREREFHHHaME R AR DR BRRHEFE MBI .
fERL AR T B2MAMN. B2 K9, pH=6.8 A7
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STUDY ON HYDROGELS OF B-CYCLODEXTRIN-CROSSLINKED
ACRYLIC ACID AND THEIR CONTROLLED DRUG RELEASE BEHAVIOR

HUANG Yi, FAN Xiaodong
( Department of Applied Chemistry , Northwestern Polytechnical University , Xi' an  710072)

Abstract  S3-cyclodextrin{ 8-CD )-containing acrylic monomers ( 3-CD-6-A) with different substitution degree were
prepared by using dicyclohexylcarbodiimide (DCC) as condensation agent, and a functional hydrogel was synthesized
by copolymerization of 3-CD-6-A with acrylic acid (AA) using a redox initiator system in aqueous solutions. The
nuclear magnetic resonance ('H-NMR), infrared spectroscopy (IR) and swelling experiments were employed to
characterize the §-CD modified monomers and their copolymers. The results show that the resin’ s equilibrium
swelling ratio ( ESR) possesses pH-sensitivities. The mechanisms of controlled drug release were investigated by
using an anti-cancer drug, chlorambucil (CHL) ,as the model medicines at different medium . The release behavior of
CHL from the hydrogels 8-CD-AA indicated that the release ratio of CHL is affected by the pH value, and the
cumulative release al pH = 6.8 was higher than that at pH =2.0. In addition, the release efficiency of CHL from the
hydrogels with 3-CD is higher than that of the hydrogels without 3-CD.

Key words (3-Cyclodextrin, Hydrogel, pH-Sensitivities, Controlled drug release



