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ABSTRACT: Composite microspheres were prepared
with hydroxyapatite (HA) and Na-alginate (ALG) via
inverse suspension crosslinked method (ISCM). Chloro-
form/hexane (1 : 2 (volume)) was used as continuous
phase, ethyl cellulose (EC) as disperser, mixture of HA
powder and ALG solution as dispersed phase, and cal-
cium chloride as crosslinking agent. Morphology of the
composite microspheres and HA distribution state were
observed by optical microscope. According to the composi-
tions studied, the sample with 0.2 g of EC gives the best
continuous phase. The sample with 25 mL/min of adding

speed and 120 r/min of stirring speed gives the best add-
ing and stirring conditions. Two kind of the composite
microspheres of 50/50 and 70/30 HA/ALG were prepared
via ISCM. They are with specific gravity of 1.06 and 1.15,
and water content of 88 and 81%, respectively. The size
of the dried microspheres is mainly in the range of 125-
425 pm. © 2007 Wiley Periodicals, Inc. ] Appl Polym Sci 104:
2034-2038, 2007
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INTRODUCTION

Alginate/phosphate composites are wildly used as
carriers of drugs,'” proteins,” DNA and cell,* or
implant material and bone fillers.”® The composite
ways of polymeric matrices with ceramic particles,
including deposition of ceramic phases in situ’ and
mixture of polymeric matrices and presynthesized
ceramic phases, have also been investigated. Hy-
droxyapatite (HA) and tricalcium phosphate are the
most common ceramic phases have been used in
these composites. For the polymeric matrices, both
synthetic® and natural origin have been employed,
the latter including collagen, chitosan, gelatin, and
alginate.’

Alginate-based spherical particles were usually pre-
pared by dropping or spraying dilute sodium algi-

Correspondence to: C. Liu (liuchao_tj@yahoo.com) or
G. Cheng (gxcheng@tju.edu.cn).

Contract grant sponsor: National Natural Science Foun-
dation of China; contract grant number: 50373032.

Contract grant sponsor: Teaching and Research Award
Program for Outstanding Young Teachers in Higher
Education Institutions of MOE, P.R.C.; contract grant num-
ber: 2002-123.

Contract grant sponsor: Excellent Ph.D. Dissertation
Foundation of Tianjin University; contract grant number:
JJj0219.

Journal of Applied Polymer Science, Vol. 104, 2034-2038 (2007)
©2007 Wiley Periodicals, Inc.

ST @WILEY .

... InterScience’

DISCOVER SOMETHING GREAT

nate solutions containing the dispersed particles into
calcium chloride solutions.>”'" The drop method
cannot match the needs of speed and efficiency.
Spray with device is efficient, but it needs the speci-
alized device. Considering these factors, we think
that it is valuable to develop a novel preparation
method of alginate-based spherical particles with the
traits of simpleness, quickness, and efficiency.

This investigation describes inverse suspension
crosslinked method (ISCM) for the preparation of
the HA/Ca-alginate composite microspheres. HA
powder was presynthesized by hydrothermal reac-
tion. The morphology factors of ISCM, including dis-
perser, adding speed, stirring speed, and composite
ratio, were discussed. HA distribution, specific grav-
ity, and water content of microspheres were studied.
The particle size distributions of the dried micro-
spheres were investigated in this study. As a carrier
of protein, the dried microspheres were under study
by us.

MATERIALS AND METHODS
Materials

Sodium alginate (ALG, M,, and M, is 21.8 x 10* and
3.5 x 10* respectively) was from Beijing Xudong
Chemical Factory (Beijing, China). Ethyl cellulose (EC)
was obtained from Tianjin Second Chemistry Factory
(Tianjin, China). Calcium chloride, chloroform, and
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TABLE I
Fixed Parameters in Preparation
Na-alginate Water Chloroform Hexane
Samples (g) (mL) (mL) (mL)
a—g 0.75 25 20 40

hexane were provided by Kewei Company of Tianjin
University (Tianjin, China). ALG and EC were chem-
ical grade, and the others were analytical grade.
Deionized water was used throughout the experi-
ment. HA powder was prepared by us via hydro-
thermal reaction.

Preparation of composite microspheres via ISCM

HA powder was dispersed in the solution of sodium
alginate in water (dispersed phase) and added to a
stirred solution of EC in 1 : 2 (volume) of chloro-
form/hexane (continuous phase). After the inversed
suspension was stirred at room temperature (r.t.) for
0.5 h, the solution of calcium chloride in water (2.5%
(weight)) was added to crosslink the microspheres.
The microspheres were stirred at r.t. for 2 h further,
and then washed with water and preserved in water.
The detail preparation parameters are listed in
Tables I and 1II.

Observation of microspheres

The samples for observation were prepared as fol-
lows: For the wet composites, they were dropped
onto the microscope slide together with water and
covered with cover glass. For the dried composites,
they were dispersed on the microscope slide and
covered with cover glass (no water added). The
morphology of composites and distribution state
of HA were observed by optical microscope (OM),
Olympus BX51TF.

Specific gravity and water content
of the microspheres

The specific gravity of the microspheres was mea-
sured by Archimedean method. It can be calculated

2035

as follows:

W

SG; =
Vd Pw

@

where SG; is the specific gravity of microspheres, W;
is the weight of microspheres (g), V,; is the water
displacement (mL), and p, is the density of water
(1 g/mL).

Microspheres were dried at 65°C to no weight
change. The water content of the microspheres was
evaluated as follows:

Ww - Wd

x 100% @)

w

where W,, is the weight of wet microspheres and W
is the weight of dry microspheres.

Particle size distribution of the dried microspheres

The wet microspheres were immersed in ethanol for
12 h. This treatment made the microspheres partially
dehydrate and maintain spherical shape. The treated
microspheres were dried at 65°C for 24 h. The dried
microspheres were sieved and weighed.

RESULTS AND DISCUSSION
Process of microspheres preparation via ISCM

ISCM can be subdivided in to two steps and five
stages (Fig. 1). The two steps are inversed suspen-
sion (step I) and crosslink (step II). The first two
stages belong to step I, and the last three stages
belong to step II. The five stages are as follows.

A. Predispersion of HA/ALG microspheres via inversed
suspension: In this stage, the dispersed phase
was added into the continuous phase under
stirring. A W/O (water in oil) suspension was
formed.

B. Stabilization of HA/ALG microspheres by EC mole-
cules adsorption: EC, dissolved in the continuous
phase, partially adsorbed on the surface of the
predispersed microspheres. This increased the
stability of the microspheres.

TABLE II
Controlled Parameters in Preparation

Hydroxyapatite Ethyl cellulose Adding speed Stirring speed
Samples (g) (8) (mL/min) (r/min)
a 0.75 0 25 120
b 0.75 0.1 25 120
c 0.75 0.2 25 120
d 1.75 0.2 25 120
e 0.75 0.2 50 120
f 0.75 0.2 25 240
g 3.00 0.2 25 120
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Figure 1 Schematic showing process of ISCM. (A) predis-
persion of HA/ALG microspheres via inversed suspen-
sion; (B) stabilization of HA/ALG microspheres by EC
molecules adsorption; (C) addition of crosslinking agent;
(D) oil-water separation; and (E) Ca®" crosslink.

C. Addition of crosslinking agent: In this stage,
CaCl, solution was added in the inversed sus-
pension. The microspheres with oil membrane
went into the CaCl, solution.

D. Oil—water separation: The oil membrane was se-
parated with the microspheres. As a result, the
microspheres were exposed to CaCl, solution.

E. Ca®" crosslink: Ca®" penetrated into the micro-
spheres. And then the Na-alginate molecules
were crosslinked by Ca®". Finally, the cross-
linked microspheres were obtained.

Influence factors of ISCM
Disperser factor

EC (0.1 and 0.2 g) was used as disperser in the sam-
ples b and c, respectively. Sample a is the control
sample. It can be seen that with the amount of dis-
perser increasing, the composite morphology was
changed from irregular distortion to regular spheric-
ity [Fig. 2(a—c)]. And for EC-free sample a, a lot of
HA powder came into the external aqueous phase
when CaCl, solution was added to the inversed sus-
pension. This means that with the decrease of EC,
not only will the shape of the microspheres be dis-
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Figure 2 Optical microscopy photographs of samples a—f
(the scales are 60 pm).

torted but also the composite ratio of HA/ALG will
drop. In other words, the microspheres become
instable with the decrease of EC.

We think that the adsorption of EC molecules on
the microspheres surfaces is the key for stability to
be improved. One of possible adsorption spots may
be the hydrophobic segments of alginate molecules
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Figure 3 Sketch map of the relative interactions contribut-
ing to the stabilization of the microspheres. (A) Ca®" cross-
linked ALG; (B) hydrogen bond interactions between EC
and ALG; and (C) hydrophobic interactions between EC
and ALG.
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and EC molecules. This kind of adsorption is based
on hydrophobic interaction. Meanwhile hydrogen
bond interaction between EC and ALG is another
possible factor on stability improvement.'*'* Through
these two kinds of interactions, the EC molecules
play a linked bridge role on the surface of the micro-
sphere. Once the EC linked bridge network formed
on the microsphere surface, the ability of antishear-
ing and antiswelling of the microsphere will be im-
proved and the designed composite ratio will also
be ensured. Moreover, with the increase of EC in the
continuous phase, EC molecules were given more
chances to adsorb on the surface of the microsphere.
As a result, the ability of antishearing and antiswel-
ling of the microsphere was improved further.

The relative interactions contributing to the stabili-
zation of the microspheres are sketched in Figure 3.

Composite ratio factor

HA (0.75, 1.75, and 3 g) was used in the samples c,
d, and g, respectively, which corresponded to 50/50,
70/30, and 80/20 HA/ALG. As shown in Figure
2(c,d), the shapes of 50/50 and 70/30 composites are
all spherical. And with the increase of composite
ratio, the diameter of the microspheres decreased.
When the composite ratio is up to 80/20 (sample g),
no microspheres or distorted microspheres can be
gained, except for the fine powdered deposit.

This indicates that alginate sol play the key role of
the microspheres forming in the initial stage through
providing adequate cohesion for the composite
microspheres. Under the same stirring speed, the
size of microspheres will decrease with the drop of
cohesion. When the amount of alginate sol decreases

~

%
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Figure 4 Amplificatory OM image of composite micro-
sphere of sample c; the arrows indicated were HA (the
scale is 20 pum).
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Figure 5 The dried composite microspheres of sample c
(the scale is 60 um).

to a critical value, a critical cohesion is achieved, and
the microspheres will breakdown.

Adding speed factor

Compared to the sample c [Fig. 2(c)], the sample ¢
[Fig. 2(e)] has a silk-like morphology when the
adding speed of dispersed phase increases from 25
to 50 mL/min. Under the condition of stable addi-
tion, adding speed will directly influence the size of
predispersed microspheres. When the adding speed
is 50 mL/min, the predispersed microspheres are
bigger and easy to be distorted by the shearing force.
When the adding speed is 25 mL/min, the predis-
persed microspheres are smaller and less influenced
by the shearing force, and so the spherical shape can
be obtained. Accordingly, adding speed of 25 mL/
min is more suitable than 50 mL/min for the prepa-
ration of the spherical composite.
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Figure 6 Particle size distribution of dried sample c.

Journal of Applied Polymer Science DOI 10.1002/app



2038

45+

304

Mass Percent (%)

15+

0 T T T
0 100 200

v 1 T L] I 1
300 400 500 600 700
Particle Size (um)

Figure 7 Particle size distribution of dried sample d.

Stirring speed factor

As shown in Figure 2(c,f), there are obviously differ-
ence in the morphology of the sample ¢ and f due to
the change of stirring speed. When stirring speed is
120 r/min, no microspheres distortion can be found.
When the stirring speed is up to 240 r/min, the
most of microspheres have distortions to a different
extent and the undistorted microspheres are smaller
than the stirring speed is 120 r/min. This means the
high stirring speed is harmful to the spherical
morphology of the microspheres. On the basis of
this experiment, we found that stirring speed of
120 r/min is better than 240 r/min.

Characterization of mcirospheres

A typical microsphere surface of the sample c is
shown in Figure 4. From Figure 4, we can see that
the HA (dark) is well dispersed. The composite
microspheres of 50/50 and 70/30 HA/ALG have
specific gravity of 1.06 and 1.15, respectively. And
these two kinds of microspheres have water content
of 88 and 81%, respectively.

The microspheres were air dried after partial
dehydration by ethanol. This treatment prevents the
adhesion of the microspheres and makes them main-
tain spherical shape (as shown in Fig. 5). And then,
the dried microspheres were sieved to separate them
in six size distributions: <124, 124-150, 150-250,
250-420, 420-590, and >590 um. Figures 6 and 7
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show the particle size distributions of the dried sam-
ple ¢ and d, respectively. From the comparison of the
two figures, it is easy to find that the distribution of
the dried sample d is shifted to a smaller particle
size than the dried sample c (this result is agreement
with the observed result in earlier section). In a
whole, the sizes of the two dried microspheres are
mainly in the range of 125-425 pm.

CONCLUSIONS

50/50 and 70/30 HA/ALG composite microspheres
were prepared via ISCM. This method is more
simple, quick, and efficient for the preparation of
alginate-based microspheres than the drop and the
spray methods. The two kinds of microspheres are
with specific gravity of 1.06 and 1.15, and water
content of 88 and 81%, respectively. The micro-
spheres have good stability, and HA is well dis-
persed. The size of the dried microspheres is mainly
in the range of 125425 pm. EC plays a key role in
stabilization of the composite microspheres in ISCM.
EC molecules maybe adsorb on the surface of micro-
spheres through hydrogen bond and hydrophobic
interaction, and form linked bridge network which
made the microspheres stable. The proper composite
ratio, adding speed, and stirring speed will ensure
the microspheres have good morphology.
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