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Abstract

In this work, a new microsphere delivery system comprising calcium alginate microcores surrounded
by a biodegradable poly-oi-lactide-poly(ethylene glycol) (PELA) coat was designed to improve the
loading efficiency and stability of peptide drugs. Recombinant interferon (IFN)-a-2a, used as a model
peptide drug, was efficiently entrapped within the alginate microcores using a high-speed stirrer and
then microencapsulated into PELA copolymer using a water-in-oil-in-water solvent extraction
method. Microspheres were characterized in terms of morphology, size and distribution, encapsula-
tion efficiency, IFN biological activity retention and in-vitro peptide release. The IFN potency test
showed that IFN entrapped in the core-coated microspheres could retain its biological activity during
the encapsulation and release procedure. The release profiles were determined by the measurement
of peptide presenting in the release medium at various intervals. The IFN potency, calculated by the
Wish cells/vesicular stomatitis virus system, was used to determine IFN biological activity. The results
showed that the core-coated microspheres could stabilize IFN in the PELA matrix. We compared the
new delivery system with conventional microsphere delivery systems based on biodegradable poly-pL-
lactide and poly-pi-lactide-poly(ethylene glycol). The core-coated microspheres had the highest
amount of entrapment, encapsulation efficiency and biological activity retention. The extent of burst
release (14 %) from the core-coated microspheres in the initial protein release was much lower than
the 31% burst release from the conventional microspheres. In conclusion, this work presents a new
approach for water-soluble macromolecular drugs delivery (e.g. protein, peptide drugs, vaccines).

Introduction

Peptide and protein drugs are a rapidly growing class of pharmaceutics in a number of
clinical disciplines, such as cancer therapy and the treatment of infectious diseases.
Despite the rapid development of these peptide drugs, they retain severe phar-
macological deficiencies owing to their rapid degradation and elimination from the
body. This results in the multiple administration of superpharmacological doses of
peptides and subsequent clinical toxicity (Cohen et al 1995). In recent years, the
preparation of protein or peptide-loaded microspheres has attracted much attention.
Microsphere drug delivery systems based on polylactide (PLA), polylactide-co-glycolide
(PLGA) and poly-DL-lactide-poly(ethylene glycol) (PELA) have been extensively
investigated because of their many advantages (Cohen et al 1991; Deng et al 1999).
Compared with commonly used PLA and PLGA, PELA shows much potential in
protein delivery systems (Li et al 1999). Examples of the advantages of the drug delivery
system include biocompatibility, controllable biodegradability, absorbability and low
toxicity of the degradation end products, sustained release potential and ease of
administration (Wang & Wu 1998).

The delivery of peptide and/or protein pharmaceuticals to patients is not easy, largely
owing to their inherent physical and chemical instability (Schoneich et al 1997).
Problems with polymeric drug delivery systems include structural or conformational
changes, or the loss of peptide and/or protein activity during preparation and storage
of, and release from, this type of system (Lu & Park 1995a). The reason for the
structural /conformational changes or decreased activity may be the harsh preparation
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or formulation conditions (Lu & Park 1995a; Uchida et al
1996). Another reason may be owing to the acidic micro-
environment created inside the microspheres during poly-
mer degradation and the reactivity of the peptide and/or
protein with the polymer and/or its degradation products
(Tobio et al 2000). It has become increasingly apparent
that the most commonly used protein encapsulation
methods often lead to unwanted protein aggregation
(Alonso et al 1994; Lu & Park 1995a, b), especially for the
formation of microspheres by the water-in-oil-in-water
(w/o/w) technique. In particular, the formation of the first
emulsion, in which an aqueous peptide and/or protein
solution is emulsified into a polymer solution in methylene
chloride, leads to protein aggregation at the aqueous—
organic interface (Sah 1999).

Maintenance of peptide and/or protein activity during
microsphere preparation and release is a further complicat-
ing factor. Several research groups have started developing
new encapsulation strategies that avoid exposure of hydrat-
ed proteins to physical stress factors (Griebenow et al 1999;
Carrasquillo et al 2001). In this work, our strategy was to
develop a system comprising a stabilizing core, which
contains the peptides, coated by a biodegradable polymer
wall. The rationale behind this system was that the peptide
would be stabilized in the core and would be released
following erosion of the polymer coat (Tobio et al 2000).
Our previous study confirmed that the new microsphere
delivery system composed of alginate microcores sur-
rounded by PELA polymer could improve the loading
efficiency and stability of proteins (Zhou et al 2001). In this
work, we used alginate cross-linked with calcium chloride
to prepare peptide-loaded microcores. A solution of so-
dium alginate upon contact with calcium ions in aqueous
solution forms a hydrogel. This is a complex coacervation
process that occurs as a result of the physical cross-linking
between carboxylate anions of guluronate and calcium
ions. Alginate together with other polysaccharides is
usually found in biotechnological and pharmaceutical ap-
plications. Microcapsules of alginate and chitosan or car-
boxymethylcellulose have been prepared for encapsulating
cells, proteins and enzymes (Carlos & Waldo 2001). Reports
indicate that the biological activity is very much retained
during the calcium alginate encapsulating process (Hori et
al 1996).

Alginate particulates can improve protein loading ef-
ficiency and the preservation of protein stability, but their
degradation rate cannot be efficiently controlled, and a
sustained and gradual protein release rate from alginate
particulates cannot be maintained. In order to solve these
problems, we designed a new microsphere delivery system
consisting of alginate complex microcores surrounded by a
PELA coat. Our previous study confirmed that the micro-
spheres prepared from PELA (10% polyethylene glycol
(PEG) content, MW 6 kDa) achieved the best spherical
surface structure and the highest loading efficiency among
PELA copolymers containing the same content (10% ) and
different molecular weights of PEG (MW 6, 4, 2, 1.54 and
0.8 kDa) (Denget al 2001). The biodegradable and biocom-
patible nature of PELA (10% PEG content) makes it a
suitable candidate polymer for the development of control

delivery systems of water-soluble drugs, peptides and vac-
cines. The hydrophilic domains of PELA copolymers could
increase the affinity between the hydrophilic alginate com-
plex microcores and the outer coat in the preparation
process. It was indicated that the core-coated microspheres
have higher peptide efficiency than that of conventional
microspheres. Attempts to strengthen the alginate micro-
cores by covering with a polymer coat have had varying
degrees of success. The core-coated microspheres can
stabilize protein in the PELA matrix, which is the major
advantage of the novel protein delivery system over con-
ventional microspheres. This delivery system may have
potential applications for hydrophilic drugs, peptides, pro-
teins and antigens.

With the success of biotechnology and recombinant
technology, proteins are being looked on as future thera-
peutic agents. The interferon (INF) peptide has a wide
spectrum of antivirus, antitumour and immunomodulation
functions and is suitable for the treatment of chronic
hepatitis B and hepatitis C, chronic granulocytic leukaemia,
hairy cell leukaemia, condylomata acuminata, herpes kera-
titis and other infectious viral diseases and some tumours.
In this work, INF-a-2a, prepared by recombinant DNA
technology, was used as a model peptide drug. We used the
IFN potency, calculated by the Wish cells/vesicular stoma-
titis virus system (VSV) system, to determine the activity of
IFN entrapped in microspheres.

Materials and Methods

Chemicals

IFN-a-2a (1 X 10° TU per vial) was purchased from Hainan
New Continent Pharmaceutical Limited Corporation,
China. PEG (MW 6 kDa) and polyvinyl alcohol (PVA,
88% hydrolysed, MW 130 kDa) were purchased from
Guangzhou Chemical Reagents Department, China. DL-
Lactide (85% ) was produced by Chemical Factory of
Hubei University, China. PLA and PELA block copolymer
containing 10% PEG (MW 60 kDa) were synthesized by
ring-opening polymerization as described previously (Deng
et al 1990). The molecular weight of PLA and PELA was
obtained by gel permeation chromatography (Waters
ALC/GPC244, USA), using polystyrene as standard. So-
dium alginate (3500 cps for a 2% solution at 25°C) was
obtained from Sigma Chemical Co. A standard IFN sample
(12000 IU/vial) was purchased from Sigma Chemical Co.
Wish cells, VSV and recombinant IFN were provided by
the National Institute for the Control of Pharmaceutical
and Biological products, Beijing, China. Tissue culture
plates (96 wells) and bottles were purchased from Nunc,
Denmark. All other chemicals and solvents were of reagent
grade or better.

Preparation of microspheres

Conventional IFN-a-2a/PLA microspheres (MS-0)
The conventional IFN-«-2a/PLA microspheres were pre-
pared by the solvent extraction based on the formation of



a modified double emulsion w/o/w reported by Ogawa et
al (1988). After the complete removal of organic solvent,
the microspheres were collected by centrifugation (Tomy
Seiko Co., Japan). The resultant microspheres were rinsed
with distilled water and centrifuged three more times, then
lyophilized overnight and stored at 4°C in a desiccator.

Conventional IFN-a-2a/PELA microspheres (MS-1)
The procedure was essentially the same as that described
above for MS-0.

IFN-a-2a-loaded calcium alginate microcores coated with
PELA polymer (MS-2)

The method used to prepare sodium alginate microcores
was adapted from Bodmeier & Paeratakul (1989). First, a
solution of sodium alginate (1.5%, w/v) was prepared in
double distilled water. IFN-a-2a solution was dispersed in
the alginate solution using a high-speed stirrer. Then, a
solution of calcium chloride (3% , w/v)was added dropwise
using a disposable syringe (21 gauge) under high-speed
stirring. The gelation process began almost instantaneously
and formed IFN-loaded calcium alginate microcores. The
microcores were used as the w, phase, and finally the
PELA-coated microspheres (MS-2) were prepared by the
w/o/w solvent extraction method as described previously
(Ogawa et al 1988).

Characterization of core-coated microspheres

Scanning electron microscopy (Amray, USA) was used to
observe the surface characteristics and the morphology of
microcores and core-coated microspheres. Microsphere
size and distribution were determined with a laser diffrac-
tion particle size analyser (Malven, Mastersizer 2000, UK).

The amount of IFN entrapment was measured by placing
100 mg of microspheres in 1.5 mL dichloromethane and
extracting the IFN three times with 1.5 mL double distilled
water. The IFN content in the extraction solution was
determined using the method of Bradford (1976) and
compared with a standard curve of data obtained by
assaying known concentrations of IFN solutions. The
amount of encapsulated IFN in microspheres, given as a
percentage, indicates the amount (mg) of IFN encapsulated
per 100 mg of microspheres. The encapsulation efficiency
of the process indicates the percentage of IFN encapsulated
with respect to the total amount used for the preparation of
microspheres. The biological activity retention (% ) of INF-
a-2a in microspheres was calculated as: (A,/A;)X 100,
where A, is the actual activity and A, is the theoretical
activity of INF-a-2a in microspheres. The biological ac-
tivity of INF-a-2a entrapped in microspheres was deter-
mined by calculating the result from the IFN potency test
(Lu et al 1998). In brief, the IFN potency was calculated by
the Wish cells/ VSV system. First, the dose-response stan-
dard curve of IFN was established in the Wish/ VSV system.
Second, extracted IFN potency from these microspheres
was determined by the TCID50 method. That is to say,
3500 Wish cells were put into each well and cultured with
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a series dilution of test IFN samples for 24 h at 37°C, in a
5% CO, incubator. Then, 100 TCID50 mL™" VSV were put
into each well for 24 h cultivation. The cytopathic effect
was judged and the TCIDS50 determined. Finally, the result
was compared with that of the standard curve, and the IFN
(TU) could be calculated.

In-vitro peptide release test

The in-vitro IFN release profiles of the microspheres were
determined as follows. Pre-weighed microspheres contain-
ing IFN-a-2a were incubated in a test tube containing
15.0 mL phosphate-buffered saline (PBS; 154 mm,
pH 7.41). The tubes were stored in the same air bath as that
mentioned in the degradation test. At appropriate intervals,
1.0 mL of the release medium was collected by centri-
fugation and 1.0 mL fresh PBS was added back to the test
tube. The amount of IFN was measured by the method of
Bradford (1976) as described above. The percentage release
against incubation time indicates the percentage of IFN
released during each investigated interval with respect to
the total IFN released over the entire incubation time. At
the same time, in order to investigate the biological activity
retention of different IFN formulations, these micro-
spheres were incubated under the same conditions as
mentioned in the degradation test. The biological activity
retention was detected by the IFN potency as described
above.

Statistical analysis

All samples were run in triplicate and expressed as the
mean—+s.d. All analyses were performed using one-way
analysis of variance. Values of P< 0.01 were considered
significant.

Results and Discussion

Characteristics of microspheres

The conventional microspheres (MS-0, MS-1) and core-
coated microspheres (MS-2) containing IFN-x-2a were
prepared by a modified double emulsion w/o/w technique
based on the solvent evaporation method. Our previous
study revealed the efficient encapsulation of the alginate
microcores, and that the microcores were dispersed within
the PELA matrix of the microspheres (Zhou et al 2001). A
scanning electron micrograph of the core-coated PELA
microspheres is shown in Figure 1.The core-coated
PELA microspheres containing IFN-«-2a had a smooth,
spherical surface, with no evidence of collapsing (Figure 1).
The particle size distribution, determined using a laser
diffraction particle size analyser, of the alginate complex
microcores with a mean diameter of 0.186 yum and size
distribution of 0.1-0.38 um was obtained. IFN-loaded
core-coated PELA microspheres, 1-7 #m in size, could be
taken up by Peyer’s patches, liver and spleen tissues
(Eldridge et al 1990).
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Figure 1 The dispersion pattern and morphology of core-coated
poly-DL-lactide-poly(ethylene glycol) microspheres (MS-2) deter-
mined by scanning electron microscopy.

In order to successfully develop a peptide /PELA delivery
system, it is essential that the biological activity of the
peptide be retained throughout the microsphere prepara-
tion process. The influence of the matrix polymer on the
characteristics of peptide entrapped within microspheres,
such as the amount of entrapment, the encapsulation
efficiency and the biological activity retention, were evalu-
ated. The core-coated microspheres showed remarkable
improvement in the amount of entrapment, encapsulation
efficiency and biological activity retention (Table 1) com-
pared with the conventional PLGA microspheres and
PELA microspheres (P < 0.001). As shown in Table 1,
lower entrapment (ca 0.23% ) and biological activity re-
tention (ca 6.5 % ) were obtained for microspheres prepared
from PLA (MS-0). PLA polymers have certain drawbacks
because of their hydrophobic nature. For hydrophilic
peptides, the difference in physicochemical properties with
the hydrophobic matrix had a bad effect on the peptide
stability. Greater biological activity retention was obtained
for microspheres prepared from PELA copolymer (MS-1)
(ca 28.6% ) than from PLA with similar molecular weight.
The hydrophilic domains of PELA copolymers, acting as a
peptide stabilizer or surface modifier of hydrophobic PLA
networks, may promote the stability of peptides, increasing
their loading efficiency. As shown in Table 1, the highest
biological activity (ca 48% ), amount of entrapment (ca

Table 1 Characteristics of the microspheres studied.

1.21%) and encapsulation efficiency (ca 68.7% ) were
achieved for core-coated PELA microspheres (MS-2). It
may be the presence of certain amounts of hydrophilic
alginate complex microcores, prepared by cross-linking
between sodium alginate (anionic) and the cationic internal
aqueous phase, that caused a high transfer resistance for
peptide expelling from the internal aqueous phase to the
external aqueous phase during the second emulsification.
In addition, the direct contact between the hydrophilic
alginate complex and the water-soluble peptide may be
beneficial in maintaining peptide biological activity. The
presence of hydrophilic PEG segments in the polymer
chains improved the affinity of polymer with IFN-loaded
alginate complex microcores.

In-vitro peptide release profile from
microspheres

Figure 2 shows the percentage release of peptide from all
samples of microspheres against incubation time. The IFN
release profiles of all samples consist of a burst release
followed by a gradual release phase. The extent of IFN
burst release from the MS-0 microspheres during the initial
phase was the greatest (ca 31% ) among the three types of

Release (%)
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Figure 2 Percentage release of interferon (IFN)-a-2a, from MS-0
(#), MS-1 (A) and MS-2 (M) microspheres incubated in phosphate-
buffered saline (pH 7.4) at 37°C.

Polymer MW Diameter Size range s.d. Amount of Encapsulation Biological activity
microspheres (kDa) (pm) (pum) entrapment efficiency retention
(%) (%) (%)
PLGA (MS-0) 8.8 2.81 0.5-10.0 0.251 0.23+0.01 10.5+0.11 6.5+0.05
(LA/GA: 75/25)
PELA (MS-1) 9.0 2.62 0.5-7.0 0.210 0.62+0.01 33.140.21 28.6+0.15
Core-coated 9.0 3.10 1.0-7.0 0.248 1.21+40.02%° 68.740.25%° 48.040.23%°
PELA (MS-2)

PLGA, polylactide-co-glycolide; PELA, poly-DL-lactide-poly(ethylene glycol). Data represent the mean=+s.d., n = 3. *Statistically significant
difference between MS-2 and MS-1; PStatistically significant difference between MS-2 and MS-0 (P < 0.001).
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Figure 3 The biological activity retention of interferon-a-2a encap-
sulated in MS-0 (&), MS-1 (A) and MS-2 (M) microspheres against
incubation time in phosphate-buffered saline (pH 7.4) at 37°C.

microspheres. The extent of IFN burst release from the
MS-1 microspheres during the initial phase was approxi-
mately 21 % , which was greater than the 14% burst release
of IFN from the MS-2 microspheres. As shown in Figure 2,
MS-0 microspheres showed 51 % IFN release within 168 h;
the release profile plateaued after 168 h, which indicates
that little IFN was being released from the microspheres.
MS-1 microspheres showed about 49% IFN release during
216 h, and after 216 h the release profile displayed a similar
plateau as that for MS-0. However, MS-2 microspheres
showed 39% IFN release within 8 days, and after § days,
the release profile displayed a slightly faster release rate. It
was concluded that IFN burst release could be reduced and
sustained, gradual release profiles could be achieved by
using the core-coated microsphere delivery system.

Figure 3 shows the biological activity retention of
IFN-«-2a encapsulated in the three types of microspheres
against incubation time in PBS at 37°C. IFN-«-2a encap-
sulated in the MS-0 microspheres had lost nearly all its bio-
logical activity after 3 days. After 7 days, IFN-a-2a
encapsulated in the MS-1 microspheres had also lost nearly
all its biological activity. However, the encapsulation of
IFN in MS-2 microspheres was effective in reducing the loss
of biological activity, and its biological activity could be
maintained for up to 11 days. This suggests that encapsu-
lation of IFN in core-coated microspheres can efficiently
stabilize the biological activity.

The release involved two different mechanisms, namely
diffusion of the peptide molecules and degradation of the
polymer matrix. The burst release of peptide is associated
with those peptide molecules dispersed close to the micro-
sphere surface, which diffuse out during the initial incu-
bation period. Thus, the small burst effect of the core-
coated microspheres is owing to the preferential location of
peptide molecules within the deep sections of the micro-
sphere matrix because of the alginate complex microcores
within the PELA matrix. In contrast, the large burst effect
of MS-0 and MS-1 microspheres resulted from the pref-
erential location of IFN within the shallow sections of the
microsphere matrix. The gradual release of peptides from
the microsphere matrix showed some similarities with the
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diffusion of macromolecules through a hydrogel-like struc-
ture after immersion in water (Li et al 2000).

IFN is a low molecular weight protein and its in-vivo
half-life is very short (< 24 h). Proteins are highly or-
ganized, complex structures that must maintain structural
and chemical integrity in order to function properly. Many
manufacturing methods can jeopardize this by exposing
proteins to potentially damaging conditions, such as
aqueous—organic interfaces, elevated temperatures, vigor-
ous agitation, hydrophobic surfaces and detergents (Kliba-
nov & Langer 2000). In our core-coated system, the peptide
was entrapped within alginate complex microcores, thus
avoiding direct contact with organic solvents and preserv-
ing biological activity. During the in-vitro release test, the
IFN encapsulated in MS-2 microspheres may avoid an
acidic microenvironment generated from polymer degra-
dation because of the alginate microcores; the encapsulated
protein was severely hydrolysed within the fast degrading
PLGA due to the acidic microenvironment in PLGA
microspheres (Park et al 1995). Moreover, the hydropho-
bicity of the polymers may induce unfolding of protein/
peptide molecules. So the protein/peptide drugs may lose
their biological activity after being loaded in and released
from the hydrophobic PLA microsphere systems (Sluzky
et al 1991). However, the biological activity retention of
IFN-«-2a entrapped within the core-coated microspheres
could be maintained for longer than with the conventional
microspheres.

Conclusion

A new microsphere delivery system consisting of alginate
complex microcores surrounded by a PELA coat was
prepared by a double emulsion w/o0/w technique based on
the solvent extraction method. IFN&-2a was used as a
model peptide drug to examine the loading efficiency and
biological activity retention of the peptide. The system
made use of the advantages of natural and synthetic
polymers. As a delivery system, it shows some advantages
over the conventional PLA/PELA microsphere delivery
systems, especially for hydrophilic drugs, peptides, proteins
and vaccines. The initial IFN burst release from the core-
coated microspheres was the least among the three types of
microspheres studied. The novel delivery system achieved a
longer in-vitro release rate and preserved the biological
activity of the peptide for longer than the conventional
delivery systems. More detailed investigations are necessary
to clarify the effect of manufacturing parameters on micro-
sphere characteristics, the effect of matrix polymer on
peptide stability during microsphere preparation and the
release profile, and the biological activity retention of
peptide encapsulated in core-coated microspheres.
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