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Well-defined magnetic nanocomposite beads with alginate gel cores and shells of iron oxide (�-Fe2O3)
nanoparticles were prepared by self-assembly of colloidal particles at liquid–liquid interfaces and subse-
quent in situ gelation. Fe2O3 nanoparticles could spontaneously adsorb onto the water droplet surfaces
to stabilize water-in-hexane emulsions. Water droplets containing sodium alginate were in situ gelled by
calcium cations, which were released from calcium-ethylenediamine tetraacetic acid (Ca-EDTA) chelate
by decreasing pH value through slow hydrolysis of d-glucono-�-lactone (GDL). The resulting hybrid beads
lginate hydrogel bead
agnetic nanoparticle

ore–shell structure
elf-assembly
anocomposite

with a core–shell structure were easily collected by removing hexane. This facile and high efficient fabrica-
tion had a 100% yield and could be carried out at room temperature. Insulin microcrystal was encapsulated
into the hybrid beads by dispersing them in the aqueous solution of alginate sodium in the fabrication
process. The sustained release could be obtained due to the dual barriers of the hydrogel core and the
close-packed inorganic shell. The release curves were nicely fitted by the Weibull equation and the release

. The
pplem
followed Fickian diffusion
drugs, cosmetics, food su

. Introduction

Hydrogels with a reversible volume response to external stimuli
ave been studied extensively as biomaterials for tissue engineer-

ng and cell encapsulation, and as carriers of drugs, peptides or
roteins, due to their hydrophilic character and possible biocom-
atibility (Peppas and Langer, 1994; Lee and Mooney, 2001; Osada
t al., 1992; Hoffman, 2002). Over the last few years, artificial
onjugation of hydrogels and inorganic components has received
ncreasing attention due to the synergistic properties between
ydrogels and inorganic components (Schnepp et al., 2006; Ogomi
t al., 2005; Qiu and Park, 2001; Liang et al., 2007; Ribeiro et al.,
004; Wang et al., 2008; Hantzschel et al., 2007). In particular,
ydrogel-based hybrid composites incorporating colloidal inor-
anic particles could be designed with tailored mechanical and
unctional properties, and have many important uses in biosepara-

ion, biomedical, catalytic applications (Ogomi et al., 2005; Qiu and
ark, 2001; Liang et al., 2007; Ribeiro et al., 2004). To date, a num-
er of approaches for the preparation of these hybrid hydrogels have
een suggested and developed. They can be divided into four kinds
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hybrid beads may find applications as delivery vehicles for biomolecules,
ents and living cells.

© 2009 Elsevier B.V. All rights reserved.

basically. The first one is the incorporation of preformed inorganic
particles into the hydrogel matrix by mixing and subsequent in situ
gelation (Ribeiro et al., 2004; Wang et al., 2008). The second one is
the deposition of inorganic particles into the preformed hydrogel
matrix by the in situ mineralization (Ogomi et al., 2005; Liang et
al., 2007). The third one is coupling both preformed inorganic par-
ticles and hydrogel matrix together (Hantzschel et al., 2007). The
possible fourth one is the simultaneous formation of both hydro-
gel matrix and inorganic particles in the reaction system. Although
commonly used, these classical methods have a limit that inor-
ganic particles randomly distribute in the hydrogel matrix. New,
better controlled synthetic routes towards such hybrid materials
are eagerly anticipated.

Recently, self-assembly of colloidal particles at liquid–liquid
interfaces has been well documented and offers a straightforward
pathway for the production of organized nanostructures (Aveyard
et al., 2003). In this approach, colloidal particles spontaneously
localize at the interface to minimize the helmholtz free energy.
Typically, so-called Pickering emulsion is stabilized and novel
microcapsules known as colloidosomes whose shells consist of col-

loid particles have been created using this strategy (Binks et al.,
2005; Velev et al., 1996; Dinsmore et al., 2002; Lin et al., 2003; Yow
and Routh, 2006; Chen et al., 2007; Laib and Routh, 2008). Noble
et al. (2004) and Cayre et al. (2004) produced colloidosome hydro-
gel beads with agarose gel cores and shells of polymer particles

http://www.sciencedirect.com/science/journal/03785173
http://www.elsevier.com/locate/ijpharm
mailto:zhywang@scut.edu.cn
mailto:mcztong@scut.edu.cn
dx.doi.org/10.1016/j.ijpharm.2009.04.031
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maghemite MPs were thoroughly washed with methanol to remove
excess oleic acid and finally were dispersed in 50 mL hexane. This
MPs suspension was used as synthesized. The resulting oleic acid-
stabilized maghemite MPs were single crystalline and uniform with
diameters of ∼5 nm (see Fig. 1).
H. Liu et al. / International Journ

y self-assembly of colloid particles at liquid–liquid interfaces and
ubsequent gelation of the aqueous cores. Duan et al. (2005) pre-
ared magnetic colloidosome hydrogel beads with agarose gel cores
nd shells of inorganic particles based on interfacial self-assembly
f Fe3O4 nanoparticles. Therefore, well-defined hydrogel beads
ith shells of inorganic particles can be easily obtained by interfa-

ial self-assembly of inorganic particles. However, agarose gelation
eeds thermal treatment (≥70 ◦C) which can limit the tenability
nd applicability of this method. Most recently, we have success-
ully prepared colloidosome hydrogel beads with alginate gel cores
nd shells of porous CaCO3 microparticles by self-assembly of col-
oidal particles at liquid–liquid interfaces and subsequent in situ
elation at room temperature (Wang et al., 2007; Liu et al., 2008).

Colloidosome hydrogel beads have many advantages in encap-
ulation: emulsification provides a simple method of preparing gel
eads from a wide variety of fluids and with controlled sizes ranging
rom submicrometer to several millimeters. Active substances can
e loaded efficiently with minimal loss because of complete sepa-
ation of the internal and external fluids in the fabrication process.
he various colloidal particles are suitable for this fabrication strat-
gy to endow gel beads with versatile functions. The hydrogel beads
re around with a close-packed shell of colloidal particles and the
nterstices between the particles form an array of uniform pores

hose size is easily adjusted over the nanometer to micrometer
cale to control the permeability (Dinsmore et al., 2002). There-
ore, colloidosome hydrogel beads may find applications as a new
ind of delivery vehicles for biomolecules, drugs, cosmetics, food
upplements and living cells. However, a high efficient prepara-
ion of colloidosome beads is still a challenge. Meanwhile, to the
uthors’ best knowledge, colloidosome beads as drug deliveries are
ot reported up to date.

In this work, we demonstrate the first example of the application
f colloidosome beads as a drug delivery system. Magnetic colloi-
osome beads with alginate gel cores containing drug and shells
f �-Fe2O3 nanoparticles are facilely and high efficiently produced
y self-assembly of colloid particles at liquid–liquid interfaces and
ubsequent in situ gelation at room temperature with a 100% yield.
lginate is a well-known biomaterial obtained from brown algae
nd is widely used for drug delivery and in tissue engineering due
o its biocompatibility, low toxicity, relatively low cost, and sim-
le gelation with divalent cations such as Ca2+ (Lu et al., 2005).
hree features make the fabricated hybrid colloidosome capsules
f specific interest and significance (Yow and Routh, 2006; Koo et
l., 2006). First, they are superparamagnetic and can be manipu-
ated by external magnetic fields. Second, their gel cores can be
eversibly filled with water by osmotic swelling and drying. Third,
ual levels of encapsulation with gelled core and particle shell are
btained. Herein, insulin microcrystal, as a model drug, is loaded
nto the colloidosome beads by dispersing in water phase during
he colloidosome fabrication process. The release behavior of the
rug-loaded colloidosomes is investigated.

. Materials and methods

.1. Materials

Sodium alginate (Kimitsu Chemical Industries Co., Japan, Mw
20,000) was dialyzed and freeze-dried before use. d-Glucono-
-lactone (GDL, Sigma), insulin microcrystals (Sigma) were used
s received. Calcium-ethylenediamine tetraacetic acid (Ca-EDTA)

helate (Standard reagent, Tianjin Institute for Chemicals, China),
ron (II) chloride tetrahydrate (FeCl2·4H2O), iron (III) chloride
exahydrate (FeCl3·6H2O), 2-propanol (HPLC grade), concentrated
mmonia, oleic acid, n-hexane, ethanol, rhodamine B (Guangzhou
hemical Factory, China) were used without further purification.
harmaceutics 376 (2009) 92–98 93

Water used in all experiments was purified by deionization and
filtration with a Millipore purification apparatus to the resistivity
higher than 18.0 M� cm.

2.2. Preparation of �-Fe2O3 nanoparticles capped with oleic acid

Iron oxide (�-Fe2O3, maghemite) magnetic nanoparticles (MPs)
were synthesized using methods similar to that used by Koo et
al. (2006). A 0.5 g portion of FeCl3·6H2O was added to 50 mL of
nitrogen-purged HPLC grade 2-propanol. Then, 0.25 g of FeCl2·4H2O
was added while the solution was continuously stirred. The solution
color was yellowish-orange after complete dissolution of the iron
precursors. Then, the solution temperature was gradually raised to
50 ◦C and concentrated aqueous ammonia was added to the solu-
tion in excess, <10 mL. The color of the solution changed to dark
brown after 15 min of continuous stirring. To speed up the precipi-
tation of the MPs, the resulting solution was placed in a refrigerator
for 5 h. The MPs were subsequently washed with methanol 3 times
and settled by centrifugation at 10,000 rpm for 5 min. A 10 mM oleic
acid solution, in 50 mL methanol, was then added to the MPs, and
this mixture was stirred for 3 h. After completing the synthesis, the
Fig. 1. (a) TEM images and (b) XRD pattern of Fe2O3 magnetic nanoparticles (MPs)
capped with oleic acid.
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.3. Fabrication of magnetic colloidosome beads

In a typical fabrication, sodium alginate (10 mg), Ca-EDTA aque-
us solution (100 �L, 6 wt%) and water (350 �L) were mixed at
agnetic stirring. Then, freshly prepared GDL aqueous solution

50 �L, 0.25 g/mL) was added into and the mixture was stirred
or seconds. The solution was rapidly added into 2 mL hexane
ith MPs (1 wt%) and the system was shaken for 2 h for alginate

elation. Then, most hexane was decanted. After the complete
vaporation of remnant hexane at room temperature, magnetic col-
oidosome beads with alginate gel cores and shells of MPs were
btained.

.4. Drug loading and in vitro release

Drug-loaded colloidosome beads were fabrication in the same
ay as described above except that sodium alginate aqueous solu-

ion contained insulin microcrystals (1 mg) in the colloidosome
abrication process. Insulin microcrystals of poor water-solubility
ere dispersed in the sodium alginate aqueous solution by stirring

nd ultrasonication. For comparison, insulin-loaded pure alginate
el spheres with the similar size were prepared in the similar way
o that for the preparation of insulin-loaded colloidosome beads
xcept that oleic acid was used as the stabilizer not Fe2O3 nanopar-
icles.

For release study, the supernatant solution was collected from
mL suspension of the insulin-loaded colloidosome beads or pure
lginate gel beads at different pH values (adjusted with sodium
ydroxide or hydrochloric acid) by centrifuging after desired dip-
ing intervals. The released quantity of insulin was estimated upon
he UV spectroscopy intensity at 276 nm. This release was persisted
ntil the insulin quantity in the supernatant became indetectable.

n order to determine the unreleased insulin quantity in the beads,
he hydrogel beads were treated repeatedly with acid and ultra-
onication after the release test. All supernatant solutions after
entrifugation were collected and the unreleased quantity of insulin
n the hydrogel beads was evaluated with UV spectroscopy inten-
ity. The in vitro release was performed with continuous shaking at
7 ◦C.

.5. Characterization

Transmission electron microscopy (TEM) observation was con-
ucted on a JEM-2010HR electron microscopy (JEOL Ltd., Japan).
he sample was prepared by placing 10 �L magnetic nanoparticles
thanol dispersion on a carbon-coated copper grid. The observation
as carried out under accelerating voltages of 200 kV. X-ray diffrac-

ion of the magnetic nanoparticles was performed in transmission
eometry using an X’pert PRO diffractometer (40 kV and 40 mA)
quipped with Cu Ka source (wavelength l = 0.154 nm) at room
emperature. The wet colloidosome beads were observed with an
ptical microscope (Carl Zeiss, German). The confocal micrograph
as taken with a Leica TCS-SP2 confocal laser scanning micro-

cope (CLSM) with a 20× objective with a numerical aperture of
.4 at excitation wavelength of 543 nm. The colloidosome beads
ere dispersed in water containing rhodamine B for CLSM test-

ng. The morphology of dry colloidosome beads was observed by
canning electron microscopy (SEM) with a Philips XL 30 at the
cceleration voltage of 15 kV. Samples were prepared by dropping

he colloidosome suspension on a quartz wafer, dried overnight,
hen sputtered with gold. Magnetic characterization of the col-
oidosome beads and Fe2O3 nanoparticles were performed on a
uantum Design (MPMS XL-7) magnetometer. UV absorbance of

nsulin was recorded with a Hitachi U-3010 UV-vis spectropho-
ometer.
harmaceutics 376 (2009) 92–98

3. Results and discussion

3.1. Fabrication of magnetic nanocomposite colloidosome beads

In our previous work, we have fabricated alginate gel beads with
shells of porous CaCO3 microparticles by self-assembly of colloidal
particles at liquid–liquid interfaces and subsequent in situ gela-
tion at room temperature (Wang et al., 2007; Liu et al., 2008). In
a typical fabrication, porous CaCO3 microparticles were dispersed
in sunflower oil. Aqueous solution of sodium alginate was added
into sunflower oil and water-in-oil emulsion was formed by stir-
ring. Freshly prepared GDL aqueous solution was added into the
resulting water-in-oil emulsion stabilized by particles to gel the
aqueous alginate core. After 3 times of wash with ethanol to remove
sunflower oil, hybrid hydrogel beads with shells of inorganic par-
ticles were obtained. The yield of the intact colloidosome beads
by this method was low (about 60%). The reasons are that adding
GDL into the emulsion to gel the aqueous alginate core will lightly
destroy the performed water-in-oil emulsion and some colloido-
some beads will be distorted in the washing process with ethanol
to remove sunflower oil. In this work, we want to enhance the
yield of the intact hybrid colloidosome beads. The fabrication strat-
egy is illustrated in Fig. 2. An aqueous solution of sodium alginate,
Ca-EDTA, GDL and drug microcrystals were rapidly emulsified in
hexane with Fe2O3 nanoparticles to produce water-in-oil emulsion
by shaking and nanoparticles were self-assembled at liquid–liquid
interfaces. The water droplets containing sodium alginate were in
situ gelled by Ca2+, which was released from Ca-EDTA by decreasing
pH through slow hydrolysis of GDL. The gelation process needed
about 2 h. Then, most hexane was decanted. After the complete
evaporation of remnant hexane, the drug-loaded hybrid colloido-
some beads with shells of magnetic nanoparticles were obtained.
Hexane was used as the oil phase due to its very low toxicity and
easy removal by evaporation at room temperature. So washing
for removing oil was not needed. All aqueous drops were con-
verted to the hydrogel cores of the hybrid colloidosome beads.
The fabrication process of magnetic hybrid colloidosomes could be
carried out at room temperature to minimize heat effects on the
bioactivity of encapsulated materials in the further applications.
By our methodology, robust drug-loaded colloidosome beads can
be facilely prepared with a 100% yield, which is very important to
produce in large quantity for industry.

3.2. Observation of colloidosome structure

We successfully fabricated the magnetic colloidosomes with
alginate gel cores and shells of Fe2O3 nanoparticles by self-
assembly of colloidal particles at liquid–liquid interfaces and
subsequent in situ gelation. Typical polar optical microscopy pho-
tos of the resultant colloidosomes in hexane and redispersed in
water are shown in Fig. 3a and b, respectively. The colloidosomes
are spherical, fine unique and can be redispersed in water appear-
ing similarly to those dispersed in hexane. Alginate gel beads are
obviously surrounded with thin, bright shells due to Fe2O3 nanopar-
ticles of single crystalline under polar lights as seen from Fig. 3b,
which prove that the core–shell structure should be formed. The
alginate gel core is important for the structural integrity of the col-
loidosomes. It gives the colloidosomes enough mechanical strength
to the transfer into water, also helps to fix Fe2O3 nanoparticles
assembled on the interface. We find this structure of colloidosome
is very stable in water after storage for more than 1 year.
However, the colloidosome may entirely collapse because of loss
of water in alginate gel if we dry them in vacuum, which can be
indicated by SEM images of the colloidosomes shown in Fig. 4a.
Though the colloidosomes have collapsed, they still keep spherical
shape.
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ig. 2. Schematic illustration of the processes for preparing colloidosome based on
elf-assembled �-Fe2O3 magnetic nanoparticles (MPs) at the interface of the water
roplet including 2 wt% alginate in n-hexane and gelation of sodium alginate.

A confocal fluorescence microscopy image of the colloidosome
ead dispersed in rhodamine B aqueous solution is showed in
ig. 4b. The red luminescence is seen inside and outside the colloi-
osomes and the dark shells of Fe2O3 nanoparticles are obviously
bserved. This result further proves that the colloidosomes with the
lginate gel core and Fe2O3 nanoparticles core are obtained. On the
ther hand, rhodamine B in the aqueous solution can diffuse into
he colloidosome beads through the shell of Fe2O3 nanoparticles,
hich is important to drug loading and release for the colloidosome

eads.

.3. Magnetic property of colloidosome beads

Magnetic hysteresis loops of �-Fe2O3 nanoparticles and the

olloidosomes at 5 K and 300 K are presented in Fig. 5. Fe2O3
anoparticles and the colloidosomes are superparamagnetic at
00 K and a little hysteretic at 5 K. The saturation magnetization
alues at room temperature are 30 emu/g for Fe2O3 nanoparticles
nd 2 emu/g for the colloidosomes, while the saturation magnetiza-
Fig. 3. Polar optical microscopy photos of the colloidosomes with Fe2O3 nanoparti-
cle shell and alginate gel core (a) in hexane with polarizer and analyzer at 45◦ and
(b) in water with polarizer and analyzer at 90◦ .

tion values at 5 K are 40 emu/g for Fe2O3 nanoparticles and 3 emu/g
for the colloidosomes. Very low coercivity values were observed
in the two samples (ca 200 Oe) and probably arise from the large
agglomerates, the magnetic moment of which is blocked (Park et al.,
2007). As the colloidosomes contain alginate gel core, they exhibit
relatively small magnetization. However, a clear magnetic response
is evident and the colloidosomes can readily be moved and col-
lected with an external magnetic field, which is shown in Fig. 5c. The
magnetic shells allow easy manipulation of the beads by magnetic
fields.

3.4. In vitro release

Insulin is the most widely used protein drug, and is indispens-
able for the patients of the type I diabetes (Carino and Mathiowitz,
1999; Ye et al., 2006). The research on insulin delivery and release
has attracted many interests, including oral insulin delivery (Carino
and Mathiowitz, 1999). Insulin microcrystals as a drug model were
loaded into the colloidosome beads by dispersing in the alginate
aqueous solutions before gelation. After removal of hexane, the
insulin-loaded hydrogel beads were stored in a close container.
They could be easily redispersed in water and keep spherical after
storage for more than a month. The release behavior of insulin crys-
tals from the colloidosomes was investigated. The release profile at
pH 1.2 is shown in Fig. 6 compared with those from insulin-loaded

pure alginate gel spheres without Fe2O3 nanoparticles shells and
bare insulin crystals. Because of a fine solubility at pH 1.2, bare
insulin crystals fast releases at pH 1.2 with the total release time
of 60 s and the half release time of less than 30 s. Insulin release
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ig. 4. SEM images of the dried colloidosomes (inset: high magnification SEM image)
a) and CLSM photos of the colloidosomes being dispersed in rhodamine B aqueous
olution (b).

rom both pure alginate gel spheres and the colloidosomes is much
lower than bare insulin crystals. The half release time is 390 min
or pure alginate gel spheres and 460 min for the colloidosomes. The
elease profile at pH 7.4 is presented in Fig. 7. The half release time is
.5 h for bare insulin crystals, 9.4 h for pure alginate gel spheres and
7.9 h for the colloidosomes. The insulin release from pure alginate
el spheres is slower than that from bare insulin crystals at pH 7.4
nd pH 1.2 due to encapsulation of hydrogel. Meanwhile, the insulin
elease from the colloidosome is slower than that from pure algi-
ate gel spheres. The reason is that the close-packed shells of Fe2O3
anoparticles can block the diffusion of insulin from the alginate gel
ores to the release medium. The colloidosomes have a dual con-
rolled release mechanism of encapsulation of gel cores and block
f nanoparticle shells.

In order to describe the kinetics of drug release and the discern-
ent of the release mechanisms, we use the Higuchi law (Higuchi,

961) and the Weibull equation (Van Vooren et al., 2001) to fit the
urve of insulin crystals release from the colloidosome beads and

ure alginate gel spheres. The Higuchi law indicates that the fraction
f drug released is proportional to the square root of time:

Mt

M∞
= kt1/2 (1)
Fig. 5. Field-dependent magnetization curves of (a) the colloidosomes and (b) the
synthesized �-Fe2O3 magnetic nanoparticles, and (c) is the photo of colloidosomes
separation inside the container under an external magnetic field (inset: redispersion
suspension).

where Mt/M∞ is the fractional drug released at time t, Mt and M∞
are cumulative amounts of drug released at time t and infinite time,
and k is a constant related to the formulation of loaded drug and
release medium. The Weibull equation is expressed as:

Mt

M∞
= 1 − exp(−atb) (2)
where a and b are constants. Although this function is frequently
applied to the analysis of dissolution and release studies, its empiri-
cal use has been criticized (Costa et al., 2001). Recently, Kosmidis et
al. found that Eq. (2) describes nicely the entire drug release curve
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ig. 6. Release curve at pH 1.2 of bare insulin microcrystal, the colloidosomes and
lginate gel spheres loaded insulin microcrystal (n = 3).

f release from the spherical matrices (Kosmidis et al., 2003a,b).
ere the Higuchi law can be predigested as:

= kt1/2 (3)
he Weibull equation can be expressed as:

n Ln
(

1
1 − F

)
= b Ln t + Ln a (4)

ig. 8. The fitting regression line by Weibull equation for insulin crystals release from th
H 1.2 (c) and pH 7.4 (d).
Fig. 7. Release curve at pH 7.4 of bare insulin microcrystal, the colloidosomes and
alginate gel spheres loaded insulin microcrystal (n = 3).

where F is Mt/M∞, the fractional drug released at time t. We fit the
insulin crystals release curves for the colloidosome beads and the
pure alginate gel spheres at pH 1.2 and pH 7.4 using Eqs. (3) and
(4). The value of r which is the correlation coefficient of the linear
regressions is listed in Table 1. From Table 1, we can see that the val-
are very close and larger than that from the linear regressions of
the Higuchi equation. Thus the Weibull equation can better fit the
insulin crystals release curves. The good fitting curves and regres-
sion lines by Eq. (4) to the releases from the colloidosome beads and

e colloidosomes at pH 1.2 (a), pH 7.4 (b), and from the pure alginate gel spheres at
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Table 1
The correlation coefficient of the linear regressions of fitting release curves by
Higuchi and Weibull models.

Model Colloidosome beads Pure alginate gel spheres
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B

C

C

C

pH 1.2 pH 7.4 pH 1.2 pH 7.4

iguchi 0.744 0.973 0.707 0.970
eibull 0.995 0.9919 0.959 0.988

he pure alginate gel spheres at pH 1.2 and pH 7.4 are shown in Fig. 8.
e know that the slope of the regression line of Eq. (4) is the con-

tant b of Weibull equation. From Fig. 8, b for the colloidome beads
nd the pure alginate gel spheres at pH 1.2 is 0.30 and 0.39, respec-
ively. b for the colloidome beads and the pure alginate gel spheres
t pH 7.4 is 0.62 and 0.56, respectively. Kosmidis et al. concluded
hat Weibull equation arises from the creation of a concentration
radient near the releasing boundaries of the Euclidian matrix or
ecause of the “fractal kinetics” behavior associated with the frac-
al geometry of the environment (Papadopoulou et al., 2006). They
lso summarized the diffusional mechanism in connection with the
pecific b values of Weibull equation and concluded that for values
f b lower than 0.75 the release follows Fickian diffusion and for
ickian diffusion the increase of b reflects the decrease of the disor-
er of the medium. As the Section 3, Weibull equation can nicely fit
he insulin release curves and the release follows Fickian diffusion.

. Conclusions

In this study, well-defined magnetic nanocomposite colloido-
omes with alginate gel cores and shells of Fe2O3 nanoparticles
ere facilely prepared by self-assembly of colloidal particles at

iquid–liquid interfaces and subsequent in situ gelation with a 100%
ield, which is promising to produce in large quantity for industry.
he obtained colloidosomes can demonstrate an inherent magnetic
esponse due to the presence of magnetic Fe2O3 nanoparticles.
he colloidosome can find applications in drug delivery, as well
s microactors, because the microcapsules can be filled with drug
r reagent and treated with a magnetic field to target area. The
olloidosomes have a dual-controlled insulin release mechanism
f encapsulation of gel cores and block of nanoparticle shells. The
elease curve can be nicely fitted by the Weibull equation and the
elease follows Fickian diffusion.
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