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Abstract: Protein loaded CA-gel/PLGA composite microspheres were prepared by a novel SPG mem-
brane emulsification method, which was modified from the traditional preparation method of PLGA micro-
spheres. The formation of the sustained-release gel was based on the ionic interaction between Sa and cal-
cium ion. The drug loading of composite microspheres was significantly increased from 6.94% to
8.35% , entrapment efficiency was increased from 62.47% to 75.16% , and the burst release rate was
declined from 42.32% to 30. 84% . Drug release test showed that nearly 40.29% of drug was continu-
ously and steadily released from the composite microspheres in 2 ~40 days. The drug release curves were
corresponded to Peppas-Sahlin equation (R* > 0.99) for both the traditional microspheres and composite
microspheres, which means that the release mechanism was mainly diffusion and dissolution. The results
from scanning electron microscopy and freezing microtomy demonstrated that the composite microspheres
were more compact in structure, and its surface hole number and porosity were smaller than traditional

PLGA microspheres. The enhanced fluorescence intensity was observed from the laser confocal scan mi-
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croscopy, indicating that more protein drugs were wrapped inside composite microspheres. In conclusion,

the CA-gel/PLGA composite microspheres can effectively increase drug loading and entrapment efficiency

and reduce the burst release.

Key words: SPG membrane emulsification; CA-gel/ PLGA composite microspheres; entrapment effi-

ciency; burst-release
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HESAIAE, ZEVKIR S50 T m S R R s FL . T
B FLNE A RS R 2 SPGB FL AL 23 (0 Bk FE Y
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3.1.1  AkABw(Sa) sk R E ey Hoh B4
HIWILL PLGA gk pbl, R SPG REFLIL Il 4%
GRMERI I TR iR e, W8 PLGA R4k
IRy R 1L 11% . w(REW)15% . WK
FH 300 WL, PIFLATH A 15 000 r/min, SPG JEFL
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Maw(Sa) 2. 0% 0, HTHNAKMRMEDLR, 7
il 28 SRR B8 N ACORH IR 2 3a AR T 3 B b 32
Ko MIZBERKEE w(Sa) FHEBEWIFEML (WK 1),
M w(Sa) ikF] 1. 0% I XFH 40 d E3HRIE A
Ko Gy FIRGER, HEE w(Sa)h 1.0%

F 1 w(Sa) W HOR BT A SR
(xFs, n=3)
Table 1 Characteristics of MS prepared by different
concentration of Sa (xFs, n=3)
w(Sa)/  Hjh/  EAE R/ it/
Y% % % % m
0.5 7.22+0.46 65.02 38.72+0.44 63.32+0.26
1.0 8.35+0.74 75.13 30.59 +0.31 67.91 +0.30
2.0 5.26+1.31 47.37 29.65+1.37 69.11 +0.28
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Fig. 1 Influence of concentration of Sa on

the release from MS(n =3)
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7 A BEE R R P, BEL A Ca®* 4k S A L 37 P 3R 9 K,
il w ( CaCl, ) 44 SE 3G IR K 25 24 8 25 P R 52 e AN
K, H w( CaCl,) HE KR 253 5 B 0K T vE I AR
PRI, 5 w( CaCL) B E R 1.0% .,

# 2 w(CaCly) X flER T 12
(xFs,n=3)
Table 2 Characteristics of MS prepared by
different concentration of CaCl, (x Fs,n=3)
w(CaCl,)/ /@ F, R/ it/

% % % % m
0.5 835+0.74 75.13 30.59 +0.31 67.91 +0.30
1.0 8.47+0.14 76.26 29.37 +0.11 69.21 +0.23
2.0 8.42+0.36 75.79 30.63 £0.35 69.58 £0.26
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Fig. 2 Influence of concentration of CaCl, on

the release from microspheres (n=3)
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HAEZ R B SR Z 5 A N 150 1) R 218
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Table 3 Different characteristics of MS
prepared with or without CA-gel (xFs, n=3)
Bk W, mER, RER/ Kite/
(LIES Yo % % pm
EEMEK 8.35+£0.5 75.16 30.84 £0.15 40.01 +0. 36
PLGA 13k 6.94 £0.46 62.47 42.32 +0.24 52.46 £0.25
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Fig. 3 The release behavior of MS prepared
with or without CA-gel(n =3)
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BT AT o L 9] it 8 TS 1) S 4 28 et/ IMELAT o5 90
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Table 4 Model fitting of CA-gel /PLGA Composite MS and PLGA MS’s release profile

Higcuchi equation

Korsmeyer equation

. R Peppas-Sahlin equation
I K
TERBE P e A R k, k, R
HAETER 0. 140 0.3813 0.328 0.223 0.9841 0.363 -0. 045 0. 9963
PLGA 3Rk 0. 151 -0.5750 0.421 0. 166 0.9916 0.493 -0.073 0.9977
100 , (D) At w1 A %56 B 52 5 BORR A 5 1) AL TR D
90 4 - 1 s N p
h (1 6) , T IALIR K FLIRCRLEI N, B2 44
o 70 T ——— BRILH R RSB0 (£5) o
= 60
=
3 50
2
5 404
=
S 30 S
et T oy
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Fig. 4 The diffusion / dissolution ratio of CA-gel /
PLGA composite MS

100+
90+
801 "-w

70- B
60
504
40
304 N . . .

200ee* —a YL
107 o VAl EL 4]

0 5 10 15 20 25 30 35 40
#d

KIS PLGA flERAEA RIS ] 25 98" 1 i L

Fig. 5 The diffusion / dissolution ratio of PLGA MS

contribution/%
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Fig. 6 Scanning electron micrographs of

MS prepared by with or without CA-gel
(A B:CA-gel/PLGA 3R R I M NFRIE A 5
C.D:PLGA k1m0 K& NHIE )
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Table 5 Different structure of MS prepared by with or without CA-gel (xFs,n=6)
DezUEN LR/ % FIFLBR %L LR % RRLEIN 51
AWMk 0.22 0. 14 27 +6 36.21 £5.26 68 =13
PLGA f®R 3.82+0.46 132 +21 24.83 £3.75 154 £38

BRI 541 55 1 T LA 51, CA-gel/
PLGA & 45 B 42 0 55 Ho 1 0 Bos, % I
A FUB RS Lt B S KA R g Ca®* A
BRI, 5 KA Sa 26 4T BOBEIE, T LA B
BRAEFE A B 11 0 A FLIE T 8 ek 22
. GEHITE NSO o FE T CA-gel A UM FEAR HIPT 4
. (D Ca®* ]\ CaCl, YW Sa Wil o7 s @7 Sa i
= Bt F % BT BT, Ca® " At Na* 2 CA-
gelo FFIL Ca®* S MORR 42 337 B 5 2 5 T
S A I 2 GO e 2T U R e
S22 Ca®* [P S E— 5 Ly ,
BCER IS0 Ca®* 4 BT T L X R i 951
LEHIR K

SE Lk

10 pm

—_—

#7 CA-gel/PLGA &3k H PLGA f#Fki% CLSM [&
Fig. 7 Laser scanning confocal microscopy pictures of
FITC-BSA microsphere
slices prepared with or without CA-gel
(A:CA-gel/PLGA & A1k ;B. PLGA fi{#Rk)

4 ¥ B

ABFFAIHAEHTE SPG BEFL ALK % PLGA %
BRAYIERS b, 38 4 75 KA A Sa, Zh K AR H i
A CaCl, #i# CA-gel/PLGA & 431k . i1
RN [ At R v 30 2 TR B T /K ) CA-gel , iy
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