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Fig. 1 Schematic diagram of small scale

equipment for membrane emulsification
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Fig. 2 Optical microscopic photographs of alginate microspheres treated with NaCl solution of different concentrations: (a) 0% , (b)

0.45% , (¢) 0.9% , (d) 1.8% , (e) 3.6% and (f) 7.2%

Table 1 Diameter of microspheres treated with NaCl solutions of different concentrations

0.45%

Concentration of NaCl solution 0%

0.9% 1.8% 3.6% 7.2%

Diameter of microspheres (pm) 14.0 1.4 15.2 1.7

17.1 2.3 19.3+2.4 22.2+3.5 23.8 +2.7
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Fig. 3 SEM photographs of alginate microspheres treated with NaCl solution of different concentrations:(a) 0% , (b) 0.45% , (¢) 0.9%

and (d) 1.8%
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Table 2 Quantity of calcium and sodium in microspheres after

treating with NaCl solutions

Concentration of Quantity of Quantity of

NaCl solution calcium (pg/mg) sodium (wg/mg)

0% 49.3 10.0
0.45% 24.8 21.2
0.9% 14.6 28.3
1.8% 8.9 34.7
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Fig. 4 FTIR spectra of alginate microspheres treated
with (a) 0% and (b) 1.8% NaCl solutions
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Fig. 5 Optical microscopic photographs and confocal images (insets) of alginate microspheres treated with NaCl solutions after loading

doxorubicin, concentration of NaCl solutions: (a) 0% , (b) 0.45% , (c¢) 0.9% and (d) 1.8%
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Fig. 6 Drug loading capacity of alginate microspheres

treated with NaCl solutions of different concentrations

2.3 HYBH

e BB g 2R A VA R TR S BUBR 7R PBS B R
T £ WL AT 7. by AT DL e e R Sl A i o Ak B
E’Ji%’é‘(ﬂ%?%%%ﬁﬂlﬁﬁﬁt%,%ﬁ%ﬂ#%%%%ﬂﬂ‘
T R e TSR TR R AR R 2

JEAE ek R 2 Y A B X TR [ R vk
AL R BER L A 1. 8% F10.45% , 1. 8% 4t Bk
YRt RE2G e & (HJE H T 1. 8% 4k iy &
2y B E KT 0. 45% L ER, BIF L EL & AH X B
a1 8% M T ER S i b T 0. 45% H k. % kb
PRI LLE B, Y B i PBS ) pH (Hoh 7. 4
i, B 0% 2 ek B 2 1k 31 80% 4, Hoe JL 4
BRI 25 5 #0 L AE 20% F] 40% 2 [6] 1 24 PBS (1Y
pH {E 2 5.5 B, sk e 24 £ RS 24 3 32 40 R K4
L Hor 0% kB2 fE ik ] 100% , 1. 8% 41
BRALINF] 66% . H T il g F8 A7 11 48 A P 50 2 il
i) pH (R 55 R M AT A AR ek & X 2 ik b 2
W RETIC, B v 245 ) 0 ) FH 23R A% e Ah n SRR
FCER B A P, Bsf ) 42 K 96 35 15 N s 2 B 4 ok
fER P o] 2 25 1T k4 T R Ok

| —0—0% a
oy —0—0.45%
— —2—0.9%
& 80F =—1.8%
Q
3
e 60+
1%
=
= 40
3
g
5
O 20r
O L L 1 1 1 1 1
0 10 20 30 40 50 60 70 80
Time (h)
100 -
S sof
o
8
B 60F
1%
2
E 40f
=
g
5
@) 20+
0 L L ) ) ) )
0 10 20 30 40 50 60
Time (h)
Fig. 7 Cumulative release of doxorubicin from the

microspheres treated with different NaCl solutions in PBS at

(a) pH=7.4 and (b) pH=5.5
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Table 3 Parameters of doxorubicin release from alginate

microspheres fitted with Peppas formula
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REGULATION OF FREE CARBOXYLATE GROUPS OF ALGINATE
MICROSPHERES WITH NaCl SOLUTION AND ITS EFFECT IN
DOXORUBICIN LOADING AND RELEASE

Yi-chao Song, Wei-jun Tong, Chang-you Gao
(MOE Key Laboratory of Macromolecular Synthesis and Functionalization, Department of Polymer Science and Engineering ,

Zhejiang University, Hangzhou 310027 )

Abstract  Narrow-dispersed calcium alginate microspheres were prepared by a membrane emulsification-
gelation method. The microspheres were treated with NaCl solutions of different concentrations to control the
amount of free carboxylate groups. The size of the microspheres increased simultaneously after salt treatment.
The quantity of calcium and sodium ions in the microspheres was measured by atomic absorption spectrometer,
and the change of functional groups was determined by Fourier transform infrared spectroscopy. During the
treatment process calcium ions in the microspheres were replaced by sodium ions, and the carboxylate groups
were converted from a chelate to a free state. As doxorubicin hydrochloride was positive in water while alginate
was negative , doxorubicin was loaded into the alginate microspheres via electrostatic interaction. The loading
capacity of microspheres was enhanced greatly after treatment with NaCl solution. When the microspheres were
treated with 1.8% NaCl solution,the drug content increased remarkably to 1310 wg/mg,which was nearly 10
times the amount of the untreated ones. In vitro release tests confirmed that relative smaller percentage of drug
was released from the microspheres containing more drug. The release behavior of the drug-loaded microspheres
was pH-sensitive,i. e. slower at pH 7.4 but faster at pH 5.5. After salt treatment,the drug release mechanism
was transformed from diffusion alone to the combination of diffusion and matrix erosion.
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