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WORHTEI, THHZR SRR
1.2 ACS B &RRE"

ACSHIFREMEHK T REG D Ranl&d
BX,0.5 g BB PMA—ERKNAHERM2S
mL A EBK GERBTS2ERG,EBE S0C
TEAMHRE I XK. LM EILE,H 1 ml/L
NaOH # KA A9 pH HIAE 10 ~ 12, fER KR #Y
ARBRETHRAR FEERHIERBNER (S
FE 3500 g-mol ) BHREBRE NG TFRIEE
HT#,BHOEEHRA R HMR ACS.

ACS LSBT s (IR) SR I ix
(*H-NMR)FE1E . ZZ 5} Y i85 {% 5 Bruker Vector 22, 5
LYMEREMBEREEERBE TR E;"H-NMR
(NMX 500, Bruker) LA 1% 54% A BR 9 R AR K B K
HER,ZRBE .

1.3 EEmE"

e BB EL R EFRTHT. LL ACS]
FER A ,25 mg ) ACSTEMTE 25 mL 1% B BERE
KBBh FRMEERBTKP (1 mg/mL), A
0.1 mol/L. NaOH % 0.1 moV/L HC1 ¥ B & pH i@ =
6.5 T EPIEMTEInBIRE BRI ACS B
oL RS- WA G BE T T 420 nm Ab iR R
BEXEMAEZABEMENTA, ZXERDIL
HRUIMETEES.

1.4 pH-MERE™

EMEREERYAETRETHT HFEN
BRTHEAKD( mg/mL) , ACSHFTF 1% (V/V)
BIRERS /K B WP (1 mg/mL) , 55 P9 2 9 JRe 44 08 <€ P
W HES, B 0.1 mol/L NaOH i3 L AR S
% pH E 11~ 12,14 0.1 mol/L HCY Z #7 5% hn 3
BRI R pH i, pH it FRIC R B ED
BE R pH H T4k, EA-AT WA XREHT
420 nm b0 FE R BOLERE pH HELRF R .

1.5 HP/ACS S &#hysl &

BSA 5 HP B T HHKP ACSHET 198
RIS P, WA pH ¥ iRRE B B T 2 B E RS
fH(ACS1.ACS2 5 ACS3 (A& W pH 4+ BN 6.5,
6.0 1 3.85) .5 BSA/HP 5 ik 25 18 1 ho 5 & 36
HHACSHEBEER. CRERESBRPRETLET
WERS(BAWME) BREARRISH, . BLT
BREARFAKFR IR HARFTRSTHE, K
mRTFEA.

1.6 BSAGHRBRSEEENE
KW FRER 20 mg B9 HP/ACS E&%, WA pH

7.4.0.5 mol/L £ PBS EvhEW , B T 37 CHEEIKK
GBRYERS . FEAYTEBERE (X1 X)H
Lowry - SEZS ¥ P BSA S & .BSA BN
BURBEAGYPLRASH BSA R, QXN
AW BSA LFEHES BSA Bt ARME
=
1.7 BSABHWR

RIS BE(20 mg) BT HP/ACS E&% ., A 2
mL 0.1 mol/L. ARl pH {H A28 ¥ , B A 37CHY
fEREHFTIRS, CHR G EF®R, A Lowry &
MEHPBSAMNSE FIAFHNOENR.

2 GRE5iVie
2.1 ACSHIER SR

ACS R R BRIk 14], =& M A H-
NMR #EE(E 1).1.92 it A RS L
BHRPRERTE AEERSEENMEBIHTEH
BEFHENF25 53348, 8B E8PRT
$3.07.3.5~4.1 UL K 4.85 BT, a3
BRE1I ABE#ERTUELR AR STERE
RENAEEBEESHAABBEKRIEZE MM

P
A ¥

:VC\OH

Fig. 1 "H-NMR spectra of ampholytic chitosan with
different substitution degree of acrylic acid

a) ACS3; b) ACS2; ¢) ACS!; d) Chitosan
CDyCOOIVD, 0O (1% ) was used as a solvent,
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B AHERBRAESTRBEEZANAS.
B T3 1 e (L 7 2 B R B B P A I I PR R
(2.5 53.3),7E8.01 56.22 &t MWEAHA
RESEREESESHAEMERBHRENERT
i AHEBRRRERE 25 1.92 4@ mRLH
HEuEBD ERmE1LHR. TL EENERS
F VRO I K, T R IR B A R L
MY FE RS RFRB N 2.06 mL/g BY, I
MEULELD 45.3%.

Table 1 Synthetic conditions and substitution degree of acrylic acid

Veerplic aia Temperature  Time  Substitution
(mL) (T) (d)
0.17 50 3
0.69 50 3
1.03 50 3

Wchimnn
{g)
0.5
0.5
0.5

Reaction
degree( % )
2.4
38.7
45.3

condition
ACS1
ACS2
ACS3

2.2 HP/ACSHIE&ER

B2 R3IFMARBAEMN ACS 5 HP RA &
EWmERehe BEvaERIBEEN, HR
pH i B — 15 pH, , W HLE X E 2RI/, B
ERTEMREN pHEER A% (<0.1 TEA),
HERMZB R B HEERAH A, B pH MK,
REEFG /BB 4 pH HERKRB—EX
B BREREXEHEX ARHEHZRMEL
BEHBRBBENER pHES ACS PRBKRE
REH X, BAEEL, A pH &4&. #1110 HP/
ACS! R B 7E pH 7.22 B ph B FF E I K, Wi Xt HP/
ACS3E pH, RN 6.2 ERRRWLHAT
HP/ACS Z MM S/ERM . EFBRZ L,

100 == HP/ACSI
—o— HP/ACS2
—A=HP/ACS3

100-T (%)

Fig. 2 Turhidity of heparin/ampholytic chitesan systems
versus pH

Titzated with 0.1 mol/L HCI solution

Ampholytic chitosan concentration: 1 mg/mL; Heparin/
ACS1 = 25/9,06, Heparin/ACS2 = 25/7.38 and Heparin/
ACS3 =2519.42

ACSHfies , 5 HP RAEEEAERA pHETHH
G, ACS BIFE , 5 HP @ B mAEAERER
BMEESY, YIAR pH BEN, HP P RENH
Fleg R mE , mimEERD, SRE SRS
B KA BRENN . ACHSERASHHRN
REAX RERBRAERS, $B 818, mE
7% 70 (G L pHL B A/
2.3 HP/ACSH&#¥WH &S BSA €12

HP/ACS B8 4% %5 BSA 438 5% R B
F HP/ACS] .HP/ACS2 5 HP/ACS3 H &
%8 pH 2+ 510 6.5.6.0 F1 3.85 XM ETHMESY
WEREGPHEFRETH &, X EOHPE K
BREEESH . MERERT BBATEESYFHE
HE 2 P 4% iF 100% , BSA A 8 # & 0] 3 o %A
BSA/HP B3 B L3 . R 2 71 T AR 0 & & AF
F BSA W B % 5438 £, 5] L 24 BSA/HP #B
H 0.41 B, BSA £ H AW P AR E R AT X F
23%. FRGREBUAMNAEAML)ERERERN
HE(PMAA/BIRE SR B RRM ™,
EEARABEEHEL AN KRR HAH
B F44E HP 5 BSA i BT IS ACS F
FAEWEETR, FEPE2E P, NEREHE
F 1 HP.ACS LI BSA = H Z A FF A BB EAF
H,T HP/ACS EARERE, EmERPHA
BSA BB TRETFESYY REBRL. 5
HifEAnEoAPEEREFA ORI
SZXEE) (PLGA) MEBR KBRS, XA R @
REESYESBEAZAY /I TRETIMNA,
(1) &R Rk kR, B A A ER (2) %
B&RGEFBEM(pH BE P, KEHAE) G
Bt ETHYR KRB

Table 2 Dependence of BSA entrapment on BSA/heparin feed ratio*

BSA/heparin weight ratio 0.072 0.135 0.255 0.41

Complex yield (%) 82.3 84.6 81.2 89.5
Entrapment { % ) 5 9.02 15.76 23
Entrapment efficiency (%) 99.79 99, 85 98.67 99.12

* ACS! was used for preparing complex; Heparin/ACS1 = 25/9.06

2.4 BSA M HP/ACS S8R BERITH

B 3 2 BSA A [l pH 28 vk ¥ Wi P M HP/
ACS1 &R ML, 7T 1 BSA HRRRGR K
MFERANE pHE. MW, EpHT.OHFEPR T
315.5 h i BSA B E{L KN 6.67% , T LRI R
pH 3% 7.4 B, BSA MBI BLF) 85.5% , B ¥
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THE 0.4 1 pH BT (E 4) AT, W E 4 iF
A&, BSA B MG F pH(pH' ) 5 ACS W
RSB A X, B K, pH', HB K. 5
in,BSA M\ HP/ACS1 E 5P BHB pH, 8 7.2,
i1 HP/ACS3 E SNk K 6.2. L8 BSA M HP/
ACSEEYIHT BN (E 3)5 HP/ACS BS54
(E2), MAEBENERSEKENESEX pH
kB F FERFOMEXE ARFAD.EE5Y
MEBRR—TAI¥SR MEAEAESGD PR
BRTHAETESYNEE YR AVBERFE
BLEHRERLFMEHRS HP 8 ACS ZMIfF1E
BHMEER BV BEABRRMERMK, B
ifi, BB AR pH ¥ E 5 HP/ACS ZRME &
BHEME.

100

o0
(=]
T

N
(=1
T

+
(=1
T

[
L=
T

Cumulative BSA release (%)

150 200 250 300
Time (h)

0o 50 100

Fig. 3 Cumulative BSA release from heparin/ACS]
complexes in 0.1 mol/L buffer at 37°C

mpH=1.0; @ pH=2.0; a pH=4.0; » pH=6.6; &
pH=6.8; O pH=7.0: & pH=7.2; O pH=7.4; +
pH=7.6; = pH=8.0

100 F —o—HP/ACSI1
—0— HP/ACS2
=t HP/ACS3 A

60+

oo
<

Release percent (%)

Fig. 4 Dependence of cumulative BSA release on pH
BSA release was tested at 219 h for HPACS] complex,
105.5 h for HP/ACS2 and 75 h for HP/ACS3 complex

MEASETEL, EFHERHET,HP/ACS &

BS A release duration (h)
— N S
8 88 2 8
1 T 1 T T

1Y)
>
T

<

HP/ACSI HP/ACS2 HP/ACS3

Fig. 5 BSA release duration from heparin/ACS complex
with different substitution degree of acrylic acid

AYX BSA RERETNEREN,BSA MNESY
hELBHAES ACS TRERBRAES X,
BACHE 8/, BSA TRt B . F I, 7 pH
TABMABP,BSA N HP/AC3 REYP RS
BT Bl 49 % 80 h, T 7€ HP/ACS]1 B & #1, BSA
BERMBEERKEABOWSHEEAAYERR
fEHE ,BSA M HP/ACS H AT RBEBRK. B
HEEMMTR.ESYNRERBRR, R/
HTFHRESRSTFEFEZANZRIR  HEE
EENRERBESYERK. NG TFHRT BHEA
FHBRAESVARURSNDFREXSTETF
BEBELIBRRE . BT A HTFEEE, EX
ARFTHAFEREES ANAEK BEshE
EHER,. SREAYRERTE —nE . RHR
B/, ACS EEFHRWEEEHE, 5 HP 4
AR . MEFFHEBEE, APHEEAT
BSA BYFRIBH B th AR 48 . Dumitiu S48 T EHE
TEREXREUBNTRBEERNESYE SRS
#HTRHREEAE, S THYIHNBESL2EAE
b AGFEBRBER, X — SR TR EHE
%[m] A

£ b BriR , HP/ACS fE— & pH R W BB T
BHHEERERELBRAESY . AEFAKE
AW pH 5 ACS IR ELHEH X . BSA W £
BHAHTERCETEAGY D, w8 K3
100% , BB 23% . BSA NE AW H B
ARE N pH K, BEM pH H LT 0.4 4
BAGESWY ASBRAERMAE, 7T T BSA B
B WK A pH. AL, ZE PR T, HP/ACS
HEEYM BANBRAEFBRENEREA,
BSAR2BME ARk 15 RESA . & E, %%
HP/ACS BRIk AR AR AN R EOHEHEE
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HEM. A SR pH M BB EPHEEAGT DHENEDRSESGE, TEZERAFBEAHEAY
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BIODEGRADABLE HEPARIN/AMPHOLYTIC CHITOSAN COMPLEXES FOR
pH-SENSITIVE RELEASE OF PROTEINS

WANG Yijuan, JIANG Hongliang, HU Yingqian, ZHU Kangjie
( Department of Polymer Science and Engineering , Zhefiang University, Hangzhou 310027)

Abstract A series of biodegradable heparin/ampholytic chitosan { HP/ACS) complexes were developed for pH-
sensitive release of protein drugs. ACS was synthesized by using acrylic acid ( AA) and chitosan, and the
substitution degree (SD} of AA can be modulated by the AA/chilosan feed ratio.The complexation between heparin
and ACS was studied by colloid and turbidity titration . It was found that HP and ACS can form complexes within a
certain pH range and the critical pH value for complexation (pH, ) is related to the SD of AA.The larger the SD,
the higher the pHg value. Bovine serum albumin { BSA) was selected as a model protein, and its entrapment and
release behavior from HP/ACS complexes were investigated.'lhe results show that the entrapment efficiency of BSA
is very high { ~100% ), and the BSA release is extremely pH-dependent.The transition of BSA release can occur
within a rather narrow pH range ( < 0.4 unit) . The critical pH value for the transition (pH’;) can also be modulated
by SD.It seems that the BSA release transition is correlated with HP/ACS complexation. In addition, the sustained
release of BSA from the complex can be achieved at pH 7.4 and the release duration can be up to 15 days.

Key words pH-Responsive hydrogel, Polyelectrolyte complex, Protein, Polyelectrolyle/Protein complex



