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Abstract
A novel microsphere drug delivery system of ivermectin (IVM) using hydrophobic protein zein was prepared by the phase
separation method and characterized by a scanning electron microscope and laser light scattering particle size analyzer. Releases of
model drug IVM from zein microspheres, tabletted microspheres and pepsin degradation of tabletted microspheres were also
performed in vitro to investigate the mechanism of model drug release. The results show that the zein microspheres and tabletted
microspheres are suitable for use as a sustained-release form of IVM. The microspheres may also be useful in drug targeting system
since the diameter of the microspheres is appropriate for phagocytosis by macrophages. Moreover, the release of IVM from
enzymatic degraded tabletted microspheres shows a zero-order release, implying a potential application in tissue engineering for
preparing scaffold, which is composed of microspheres encapsulating bioactive components for stimulating cell differentiation and
proliferation.
r 2004 Elsevier Ltd. All rights reserved.
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1. Introduction
In recent years, microspheres have been proposed to
treating many diseases needing a constant drug concentration in blood or drug targeting to speciﬁc cells or
tissues [1,2]. Various synthetic or natural biodegradable
polymers have been developed as materials of microspheres for drug delivery system [3]. Synthetic polymers
such as poly(lactic acid) (PLA) and poly(lactic-coglycolic acid) (PLGA) are widely studied because of
their superior biodegradability and regulatory physiochemical properties [4]. However, PLGA undergoes
bulk erosion that produces a very low pH environment
within PLGA matrices, which may adversely affect
sensitive therapeutic agents such as proteins [5,6]. As to
natural polymers, natural proteins such as gelatin,
Abbreviations: IVM, ivermectin; SEM, scanning electron microscope;
SR, sustained-release; PLA, poly(lactic acid); PLGA, poly(lactic-coglycolic acid)
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albumin, casein and soluble monomolecular collagen
represent good raw materials since they have the
advantages of synthetic polymers own and the advantages of absorbability and low toxicity of the degradation end products. In spite of these possible advantages,
they present a main drawback of a rapid solubilization
in aqueous environments, thus resulting in fast drug
release proﬁles. In order to overcome this problem,
chemical cross-linking procedures (e.g. glutaraldehyde
and formaldehyde treatment) have been considered [7–
10]. Unfortunately, the presence of residual crosslinking agents could lead to toxic side effects, in
addition, unwanted reactions between the drug and
cross-linker could result in the formation of toxic or
inactivated derivatives [11,12]. Furthermore, as a
hydrophilic polymeric system, these protein microspheres have difﬁculties to achieve sustained drug
release. When the system absorbs water and swells,
drugs will rapidly diffuse out [7–9]. In contrast, the
hydrophobic polymeric system has the capability of
yielding sustained drug release [4,5].
As to drug targeting, many works focus on the
macrophage drug delivery, which means using the
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macrophage as a vehicle for the drug carrying device
[13]. Uptake of microspheres by the macrophage cells
heavily depends on the nature of the microspheres such
as size, hydrophobicity, and charge. The size plays a
great role in controlling drug delivery to the target
tissues and the subsequent uptake of drugs into tissues;
microspheres with an average diameter of 1 mm are most
effectively taken up by macrophages. In addition, a
more hydrophobic microsphere surface is desirable for
better uptake by macrophages [14–17].
Microspheres with an average diameter of 1 mm have
been developed for the i.v. or oral administration of
drugs [18]. For per oral delivery, the microspheres could
be administered in the form of an aqueous dispersion.
However, poor stability of the drug or polymer in an
aqueous environment or poor taste of the drug may
require the incorporation of the microspheres into solid
dosage forms, e.g. tablet. Tablet still accounts for more
than 80% of all dosage forms administered to man. The
principal reasons for its continued popularity include its
ease of manufacture, its convenience of dosing, its
stability and the release mechanism compared with
liquid and semi-solid presentations [19].
In order to overcome the disadvantages of drug
delivery system using hydrophilic protein and offer a
drug targeting system, we chose a hydrophobic protein
zein to prepare microsphere drug delivery system with
an average diameter of 1 mm which can be most
effectively taken up by macrophages, and then we used
the microspheres to prepare tablet which can obtain
zero-order release, an often desired property of a
controlled release device. Ivermectin (IVM) was chosen
as a model drug.
Zein is a major storage protein of corn. As indicated
by SDS-PAGE, zein with biochemical purity used in the
present study is mainly composed of two distinct bands,
with molecular weight of 23 and 21 kDa. The minor
bands are 13 and 9.6 kDa. The high proportion of nonpolar amino acid residues is responsible for its solubility
behavior. The molecular structure is helical wheel
conformation that nine homologous repeating units
are arranged in an anti-parallel form stabilized by
hydrogen bonds [20]. Zein can form tough, glossy,
hydrophobic coatings and has anti-bacterial activity,
which has been used in food industry [21]. Furthermore,
zein can also prevent avermectin from photo-degradation [22]. Zein has also been used to form microspheres
by cross linking a zein solution containing the drug, but
it is quite heterogeneous in size [23,24]. In our group,
zein has been used to prepare ﬁlms composed of
microspheres with good biocompatibility [25].
IVM, a semi-synthetic derivative of avermectin B1
produced by the soil-dwelling actinomycete Streptomyces avermitilis, is a highly effective parasiticide that
belongs to the macrocyclic lactone class of compounds.
It has a broad spectrum of activity against endoparasites

and ectoparasites of sheep, cattle, pigs and dogs [26–28].
Its low toxicity, high efﬁciency and safety also make
it for treating onchocerciasis of human [29]. Many
liquid oral, topical and injectable formulations of
IVM are currently available for use in cattle. But
these formulations have the disadvantages of injury to
user or multiple injection or signiﬁcant systemic side
effects. Pour-on formulations of IVM are particularly
convenient for single-dose applications in cattle. Unfortunately, assuming total bioavailability of subcutaneous formulations, the highest relative bioavailability
for a pour-on formulation of IVM does not exceed
15% [30]. IVM sustained-release (IVM SR) bolus
has been shown to have excellent anti-parasitic activity
with a steady-state delivery rate over 6 months, and
offer an excellent alternative to multiple injections
[31,32]. But the IVM SR bolus was regarded as
potentially more ecotoxic than the more rapidly excreted
oral formulations for horses and sheep [33]. Furthermore, IVM SR bolus was prepared from polyvinyl
chloride that cannot be degraded. So modiﬁcation of the
dosage form is expected to increase the therapeutic effect
of IVM.

2. Materials and methods
2.1. Microsphere preparation
IVM-loaded microspheres were prepared using a phase
separation procedure. Typically, 600 mg zein (Wako Pure
Chemical Industries LTD., Japan) and 60 mg IVM
(Tongren Drug Company, Shanghai, China) were dissolved in 12 ml of 66.7% ethanol. Then, 8 ml of ultrapure
Milli-Q water was immediately added with vigorous
mixing using an agitator (IKAMAG RCT basic, IKA,
Germany) set at 9 at room temperature. The resulted
microspheres were lyophilized overnight before use.
2.2. Tabletted microsphere preparation
Tabletted microspheres, in diameters of 10 mm, were
prepared by compressing 220 mg of microspheres containing IVM with a mold, and then the tabletted
microspheres were placed into wet box at 37 C for 3
days to acquire certain toughness.
2.3. Morphology analysis
The morphologies of the microspheres and tabletted
microspheres were observed using a scanning electron
microscope (SEM, S-450, Hitachi, Japan). The zein
microspheres and tabletted microspheres were vacuumdried at room temperature, mounted onto brass stubs
and sputter-coated with gold in an argon atmosphere
prior to examination under SEM.
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2.4. Particle size distribution
The mean diameter and particle size distribution of
the microspheres were measured using a laser light
scattering particle size analyzer (Zetasizer 3000HS,
MALVERN, UK) after the microspheres were well
dispersed in ultrapure Milli-Q water containing 40%
ethanol to dissolve unencapsulated IVM. Average
particle size was expressed as intensity mean diameter.

111

replaced with fresh PBS buffer (pH 7.4) containing
Tween 20 or citric acid-NaH2PO4 buffer (pH 2.2)
containing pepsin and Tween 20. The IVM content in
the release medium and the degradation rate of the
tabletted microspheres were analyzed using an ultraviolet–visible spectrophotometer at 245 and 280 nm,
respectively. The percentage of IVM cumulative release
(% w/w) and zein degradation rate were investigated as
a function of incubation time. Each experiment was
performed in six replicates.

2.5. Ivermectin loading and encapsulation efficiency
2.8. Statistical analysis
The amount of IVM entrapped within the microspheres was determined using the following method.
Lyophilized microspheres (10 mg) were washed with
1 ml  3 ethyl acetate and vacuum-dried. The microspheres and the substances extracted by ethyl acetate
were dissolved in 66.7% ethanol separately and analyzed using an ultraviolet–visible spectrophotometer
(UNICAM UV500, UK) at 245 nm. IVM encapsulation
efﬁciency and IVM loading were determined by Eqs. (1)
and (2), respectively:
encapsulation efficiency ðw=w%Þ
amount of IVM in microspheres
¼
;
IVM initially added
IVM loading ðw=w%Þ
amount of IVM in microspheres
¼
:
amount of microspheres

All the data were analyzed by one-way factorial
ANOVA and multiple comparisons. Signiﬁcant effects
of treatment were deﬁned using Scheffe’s method as post
hoc test. The results were expressed as mean7standard
error of the mean.

3. Results and discussion
3.1. Microsphere characterization

ð1Þ

ð2Þ

2.6. In vitro release of ivermectin from zein microspheres
IVM microspheres (110 mg) were washed with ethyl
acetate to remove unencapsulated IVM, vacuum-dried,
and then suspended in 100 ml PBS (pH 7.4) containing
Tween 20 (0.5% w/v) to increase the IVM solubility,
incubated at 37 C. Medium from each sample was
periodically removed and replaced with fresh PBS (pH
7.4) containing Tween 20. The IVM content in the
medium was analyzed using an ultraviolet–visible
spectrophotometer at 245 nm. The percentage of IVM
cumulative release (% w/w) was investigated as a
function of incubation time. Each experiment was
performed in six replicates.
2.7. In vitro release of ivermectin from tabletted
microspheres and from pepsin degraded tabletted
microspheres
Tabletted microspheres (220 mg) were placed in
200 ml PBS buffer (pH 7.4) containing Tween 20
(0.5% w/v) or 200 ml citric acid-NaH2PO4 buffer (pH
2.2) containing pepsin (zein:pepsin=10:1 in w/w) and
Tween 20 (0.5% w/v), then incubated at 37 C. Medium
from each sample was periodically removed and

The scanning electron micrographs of the microspheres before and after lyophilization prepared by the
phase separation method are shown in Fig. 1. The
microspheres after lyophilization did not aggregate, and
could be easily dispersed in distilled water. The surface
of both microspheres observed by SEM was spherical
and smooth. Particle size analysis showed that the
microspheres were rather homogeneous in size, which
distributed between 0.3 and 1.2 mm. It is well known that
microspheres with an average diameter of 1 mm are most
effectively taken up by macrophages, and the size plays
a great role in controlling drug delivery to the target
tissues [17]. In addition, zein is a hydrophobic protein
and the microspheres prepared from it have a more
hydrophobic surface which is desirable for better uptake
by macrophages [14–17]. So the microspheres prepared
in our study are appropriate for the phagocytosis by
macrophages and delivering the drug to the target
tissues.
3.2. Tabletted microsphere characterization
The outward and the morphology of the internal
structure of tabletted microspheres are shown in Fig. 2.
The direct compressing method is applicable for
unstable drugs such as peptides because of no heating,
and the release rate can be controlled easily by
appropriate selection of polymer species and formulations [34]. However, the tabletting process represents the
potential risk of damaging microspheres by the mechanical load during compaction [35]. In our method, the
microspheres after direct compressing and shaping for 3
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Fig. 2. Outward of the tabletted microspheres (A) and scanning
electron micrograph of the internal structure (B) after compressing and
shaping in wet box at 37 C for 3 days, the scale bar is 1 mm.

Fig. 1. Scanning electron micrographs of IVM-loaded zein microspheres prepared by the phase separation method. (A) Before
lyophilization, the scale bar is 1.04 mm; (B) after lyophilization, the
scale bar is 1.18 mm.

days are still spherical and smooth without any damage.
In our previous study, the ﬁlm composed of microspheres is suitable for culturing cells in vitro [25], so
the microspheres preloaded with various bioactive
components can be included into scaffold in any desired
shapes without damage to microspheres. The scaffold
can sustainedly release bioactive components for stimulating cell differentiation and proliferation in tissue
engineering.
3.3. Ivermectin loading and encapsulation efficiency
The ultraviolet–visible spectra of IVM and zein are
shown in Fig. 3. IVM and zein in 66.7% ethanol were
quantiﬁed at OD245 and OD280 (nm), respectively. The
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Fig. 3. Ultraviolet–visible spectra of IVM (- - -) and zein (—) in 66.7%
ethanol. The coefﬁcients of light extinction of IVM and zein at 245 nm
are 351.5 and 7.1, respectively.

standard curves of IVM and zein obtained by plotting
the concentration vs. absorbance were highly reproducible. It was also conﬁrmed that the presence of zein did
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Table 1
IVM encapsulation efﬁciency and IVM loading in zein microspheres
(n ¼ 3)

IVM
IVM
IVM
IVM
IVM
IVM
IVM
IVM

7.5 mg/ml, zein 30 mg/ml
5 mg/ml, zein 20 mg/ml
2.5 mg/ml, zein 10 mg/ml
1.25 mg/ml, zein 5 mg/ml
10 mg/ml, zein 20 mg/ml
7.5 mg/ml, zein 20 mg/ml
2.5 mg/ml, zein 20 mg/ml
1 mg/ml, zein 20 mg/ml

IVM
encapsulation
efﬁciency
(w/w%)a

IVM loading
(w/w%)b

57.0170.85
50.8671.28
47.0270.43
38.5070.31
24.7370.29
39.8670.05
63.0270.84
68.5170.48

17.1670.50
14.8670.23
13.6270.33
11.0170.23
15.5670.18
16.9070.56
9.0770.24
4.0570.07

a

Encapsulation efﬁciency (w/w%)=amount of IVM in microspheres/IVM initially added.
b
IVM loading (w/w%)=amount of IVM in microspheres/amount
of microspheres.

not interfere with the spectrophotometric determination
of IVM at 245 nm because the coefﬁcient of light
extinction of IVM at 245 nm is 351.5, while that of zein
at 245 nm is just 7.1. As can be seen in Table 1, IVM
loading and encapsulation efﬁciency depended on the
concentration and the ratio of IVM to zein. Both IVM
loading and encapsulation efﬁciency increased with the
increase of IVM and zein concentrations at a given ratio
of them; the IVM encapsulation efﬁciency increased
while IVM loading decreased with the decrease of the
ratio of IVM to zein. Satisfactory result was obtained
when the concentration of IVM and zein was 7.5 and
30 mg/ml, respectively, in which the IVM encapsulation
efﬁciency was nearly 60% and IVM loading was nearly
20%.
3.4. In vitro release of ivermectin from zein microspheres
In an attempt to use IVM microspheres as potential
therapy against endoparasites and ectoparasites, we
have examined the in vitro release proﬁle of IVM
encapsulated in microsphere formulation, which is
shown in Fig. 4. The releasing curve indicated a
sustained-release pattern during 9-day test and it
appeared biphasic. At the initial stage, the burst effect
is usually attributed to the drug entrapped near the
surface of the microspheres, and this was followed by a
very slow release stage. After 1 day, about 40% of the
entrapped IVM was released, but the release rate tended
to tail off in the subsequent ‘slower’ phase. Indeed,
about 90% of the entrapped IVM was released after 9
days. The slowing of the release rate probably represents
the long diffusion route of IVM that was entrapped
deeper in the zein matrix. Parameters corresponding to
the drug release kinetics from microspheres are the rate
of water uptake, drug dissolution/diffusion rate and the
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Fig. 4. In vitro release proﬁle of IVM as a function of time from zein
microspheres in PBS, pH 7.4, 37 C. Each point represents the
mean7SD (n ¼ 6).

size of the microspheres including matrix erosion/
degradation rate [36–39]. The hydrophobic property of
zein causes the delay of water penetration, thus the
diffusion of the drug into the release medium may be
retarded; IVM is a poorly water-soluble drug, only
insufﬁcient release rate may be obtained. On the other
hand, the IVM microspheres with an average diameter
of 1 mm are so small which maybe lead to a fast release
because of the increased ratio of surface area to volume
as the microspheres decrease in size. Combining all
factors, the size may play a great role in the IVM release,
as the total surface area of small IVM microspheres is
much larger, the fraction of IVM near the surface is
higher, resulting in an initial burst release.
3.5. In vitro release of ivermectin from tabletted
microspheres and from pepsin degraded tabletted
microspheres
Fig. 5A shows the release of IVM from non-degrading
tabletted microspheres and degrading tabletted microspheres. Signiﬁcant difference was observed in release
behavior of IVM between tabletted microspheres with
and without pepsin. The tabletted microspheres without
pepsin yielded an IVM release platform during the ﬁrst 4
days. This may be due to the hydrophobic nature of zein
and IVM, and the internal structure with a thick and
dense wall. Normally, it needs longer time for water to
penetrate through more hydrophobic zein matrix and
across the thick wall to let IVM diffuse out. For the
enzymatic degraded tabletted microspheres, the release
of IVM was almost linear with the time (zero-order
release), and continued for 11 days. It is generally
recognized that the drug release from matrix tablet
depends on diffusion which is inﬂuenced by degradation
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after 13 days. So it is possible that the microspheres and
tabletted microspheres can endure the gastric degradation after oral administration. This drug delivery system
may also be used to administer drugs topically in most
excessive environment, such as ruminal bolus or
subcutaneous implant. The drug release from it depends
on degradation and diffusion, which can achieve zeroorder release. The advantage of using this biodegradable
matrix over that of IVM SR is that it eliminates the need
for surgery to remove the device after drug releasing
[31,32].

100

% drug released

80

60

40

20

0
0

2

4

6

8

10

12

100

% zein degraded

80
60
40
20
0
0

(B)

4. Conclusion

Incubation time (days)

(A)

2

4

6

8

10

12

14

Incubation time (days)

Fig. 5. (A) In vitro release proﬁles of IVM as a function of time from
tabletted microspheres (’, in PBS, pH 7.4, 37 C) and from pepsin
degraded tabletted microspheres (K, in citric acid-NaH2PO4 buffer,
pH=2.2, 37 C). Each point represents the mean7SD (n ¼ 6). (B) In
vitro degradation of tabletted microspheres with pepsin in citric acidNaH2PO4 buffer, pH=2.2, 37 C. Each point represents the
mean7SD (n ¼ 6).

of the matrix [40]. The release of IVM from the tabletted
microspheres without pepsin maybe depend on the
diffusion of IVM through the matrix, and have an IVM
release platform during the ﬁrst 4 days. The release of
IVM from enzymatic degraded tabletted microspheres
was controlled by both the diffusion and the matrix
degradation. It needs a longer time for IVM diffusing
out, which results in a zero-order release, a desired
property of controlled release device. It can maintain a
constant drug concentration in plasma and a constant
pharmacological effect in vivo. Fig. 5B shows pepsin
degraded rate of tabletted microspheres. The best
correlation between drug release rate and degradation
rate of the tabletted microspheres was found. This
implies that the release mechanism is mainly controlled
by the degradation of tabletted microspheres [38].
After 8 days incubation, about 50% of the tabletted
microspheres were degraded, which reached to 100%

Zein microspheres and tabletted microspheres described here are suitable for use as a sustained-release
form of IVM. The microspheres could also be useful in
drug targeting system, since the diameter of the microspheres is appropriate for phagocytosis by macrophages.
Moreover, the release of IVM from enzymatic degraded
tabletted microspheres is zero-order release; this formulation can be used to administer drugs orally as
ruminal bolus or as a subcutaneous implant with which
to maintain a constant plasma drug concentration
in vivo. Furthermore, this system could also be useful
for preparing scaffold composed of the microspheres,
which can sustainedly release bioactive components for
stimulating cell differentiation and proliferation in tissue
engineering.
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