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Development of a single-dose stabilized

poly(D,L-lactic-co-glycolic acid) microspheres-based

vaccine against hepatitis B

K. S. Jaganathan, Paramjit Singh, D. Prabakaran, Vivek Mishra

and Suresh P. Vyas

Abstract

The purpose of this study was to develop a stable single-dose vaccine based on recombinant

hepatitis B surface antigen (HBsAg) in poly(D,L-lactic-co-glycolic acid) (PLGA) microspheres, in which

HBsAg was stabilized by a protein stabilizer (trehalose) and an antacid (Mg(OH)2). The microspheres

were prepared by the double emulsion method and characterized by scanning electron microscopy.

To neutralize the acids liberated by the biodegradable lactic/glycolic acid based polymer, we co-

incorporated into the polymer an antacid, Mg(OH)2, which neutralized the acidity during degrada-

tion of the polymer and also prevented HBsAg structural losses and aggregation. The antigen

integrity after encapsulation was examined by sodium dodecyl sulfate polyacrylamide gel electro-

phoresis followed by silver staining, isoelectric focusing and Western blotting techniques, which

confirmed that antigen remained intact after encapsulation. In-vitro release experiments were

performed in phosphate-buffered saline (pH 7.4) and the release of antigen was found to be

improved by the protein stabilizer (trehalose). In stability studies, performed at 37�C, the micro-

spheres were found to be stable for 16 days. The immunogenicity of stable microsphere formulations

bearing HBsAg was compared with the conventional alum-absorbed HBsAg vaccine in a guinea-pig

model. The antibody titre indicated that a single injection of stabilized HBsAg-PLGA microspheres

produced a better immune response than two injections of alum-formulated HBsAg vaccine. The

findings suggest that recombinant HBsAg can be stabilized by use of a protein stabilizer and antacid

during entrapment, and this stabilized preparation can be useful for antigen delivery.

Introduction

Current paediatric immunization practices involve many injections during the first few
months of life because of their poor immunogenicity. Novel delivery methods and
alternatives to increase immune responses to proteins have opened up new possibilities
for the design of effective single-dose vaccines that may take over from multiple-dose
vaccines (Aguado 1993). The development of a single-dose vaccine delivery system
based on poly(L-lactic acid) or poly(DL-lactic-co-glycolic acid) (PLGA) microspheres
has attracted renewed interest by industry, National Health Institutes and the World
Health Organization. The most promising approach is the encapsulation of protein
within an injectable microsphere preparation composed of biodegradable and biocom-
patible polymers such as poly(L-lactic acid) or PLGA, which are approved by the Food
and Drug Administration. PLGA microsphere technology has emerged as a promising
approach for vaccine formulations, with potential benefits of reducing the number of
injections as well as enhancing the immune response (Okada & Toguchi 1995; Igartua
et al 1998). Hence, a controlled release vaccine delivery system could overcome many
of the disadvantages of multiple-vaccine delivery, such as rate of uptake, cost of
administration and inconvenience. Controlled delivery of a desired antigen over a
period of 1 to 3 months could be achieved by using PLGA microspheres. In spite of
these merits, the applicability of protein delivery using biodegradable polymers is
limited, primarily because of protein inactivation during the encapsulation process,



low encapsulation efficiency and instability (Morlock et al
1997; Putney & Burke 1997; Zhu et al 2000; Perez et al
2002).

The integrity of protein structure during encapsulation
is not sufficient to develop successful sustained release
formulations. Proteins must retain their native active
form even after release from the system. Acidity com-
monly develops in PLGA microspheres because of accu-
mulation of acidic degradation products upon poly-ester
hydrolysis, which leads to a decline in pH, and subse-
quently leads to irreversible inactivation of encapsulated
proteins (Mehta et al 1994; Park et al 1995; Brunner et al
1999).

In the present study, PLGA microspheres bearing
recombinant hepatitis B surface antigen (HBsAg) were
developed. Antigen in the formulation was stabilized by
a combination of protein stabilizer (trehalose) and antacid
(Mg(OH)2). This delivery system could demonstrate con-
siderable potential for inducing strong immune responses
without the requirement for multiple doses. Success in this
endeavour would boost efforts by the World Health
Organization to achieve high levels of vaccination in
developing countries where frequent medical attendance
is still a major problem.

Materials and Methods

Materials

PLGA with a lactide/glycolide ratio of 50:50 (MW
40000–75000) and polyvinyl alcohol (MW 30000–70000)
were procured from Sigma Chemical Co. (St Louis, MO,
USA). HBsAg (MW �24kDa) was obtained from
Shantha Biotechnics Ltd (Hyderabad, India). HBsAg
used for PLGA entrapment was dialysed and concen-
trated to 1.2mgmL�1 protein in phosphate-buffered sal-
ine (PBS; pH 7.2). Aluminium hydroxide gel (alhydrogel)
was purchased from Superfos (Randers, Denmark). All
other chemicals and reagents were of analytical grade.

Preparation of HBsAg-PLGA microspheres

PLGA microspheres were prepared aseptically by a double
emulsion method at room temperature as reported by Shi
et al (2002) with slight modifications. In brief, 800�L of
recombinant HBsAg containing 1.5%w/v trehalose and
2%w/v Mg(OH)2 was suspended in 10mL of 4%
w/v PLGA in methylene chloride and sonicated for 10 s at
50W in an ice bath (Branson Sonicator 250 New Delhi,
India). To this water-in-oil emulsion, 40mL of 10%w/v
aqueous polyvinyl alcohol was added and mixed at high
speed with an Ultraturrax T-25 homogenizer (Rose
Scientific Ltd, Alberta, Canada) for 10 s to obtain a w/o/w
emulsion. The w/o/w multiple emulsion was poured into
50mL of 0.3%w/v aqueous polyvinyl alcohol with vigorous
stirring for 1 h. The microspheres were collected by centri-
fugation, washed with distilled water, and lyophilized to
obtain free-flowing powder. The dried microspheres were
stored in a sealed glass vial and placed in a desiccator at 4�C.

Characterization of microspheres

The surface morphology was visualized by scanning elec-
tron microscopy (SEM; Jeol 1804, Tokyo, Japan). The
samples for SEM were prepared by sprinkling the micro-
sphere powder on a double adhesive tape that stuck to an
aluminium stab. The stab was then coated with gold to a
thickness of about 300 Å using a sputter coater. The samples
were then randomly scanned and photographs were taken.

Estimation of HBsAg content in PLGA

microspheres

The loading efficiency of the antigen in biodegradable
PLGA microspheres was determined by dissolving 20mg
of the microspheres in 2mL of 5%w/v sodium dodecyl
sulfate (SDS) in 0.1M sodium hydroxide solution (Singh
et al 1997). The amount of antigen was determined by
micro bicinchoninic acid assay (Pierce, Rockford, IL,
USA) (n¼ 6). Placebo microspheres (without antigen)
containing trehalose and Mg(OH)2 were used as control.

In-vitro release of HBsAg from microspheres

HBsAg in-vitro release from PLGA microspheres was car-
ried out in PBS (pH 7.4). Vials containing 50mg of micro-
spheres and 5mL of PBS (pH 7.4) were incubated at 37�C
on a constant shaking mixer. One vial was withdrawn at
various time points (Day 1, 3, 7, 14, 28 and 35). The
contents of the vial were centrifuged at 7000 g for 10min
and the supernatant containing released HBsAg was
collected, estimated bymicro bicinchoninic acid assay (n¼ 6)
and the same sample was also used to measure in-vitro
antigenicity using an enzyme immunoassay (EIA) kit
(AUSZYME; Abbott Laboratories, Abbott Park, IL,
USA) as described by Shi et al (2002) (n¼ 6). Each sample
(HBsAg released from the microspheres) was diluted with
0.2% bovine serum albumin in PBS (pH 7.4) to give three
different concentrations, and examined against a linear
fitting to the response of control standard samples stored
at 4�C. The in-vitro antigenicity of HBsAg was evaluated
by the ratio of the EIA response to protein concentration
(EIA/protein). Plain HBsAg (sample of internal reference
standard, batch no. 62.03, used in Shantha Biotechnics
Ltd) was used as a control standard sample at the same
concentrations.

To test whether Mg(OH)2 could neutralize the acidic
environment, PBS (pH 7.4) medium containing 5mg poly-
mer microspheres was incubated at 37�C for 2 weeks and the
pH was measured. The degradation half-life of PLGA
microspheres was also determined by gel permeation chro-
matography using aWaters 510 pump with aWaters RI-410
refractive index detector (Waters, Bangalore, India). For
molecular weight determination, the following conditions
were adopted: tetrahydrofuran was the mobile phase at a
flow rate of 1mLmin�1 and a temperature of 30�C.
Incubated polymer microspheres were dissolved in tetrahy-
drofuran (0.25%w/v polymer sample in tetrahydrofuran),
filtered and then injected (20�L) into a set of four �-Styragel
columns (Waters) with nominal pore sizes of 105, 104, 103
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and 100 Å. Average molecular weights were calculated using
a series of polystyrene standards as described by Barrera
et al (1995) (n¼ 6).

Percentage aggregation was determined as described
by Zhu et al (2000). Briefly, incubated polymers were
removed from release medium, dried and dissolved in
acetone. After centrifugation and removal of the polymer
solution, the remaining HBsAg pellet was reconstituted in
PBS (pH 7.4) containing 0.2% Tween-20 (PBST) and
incubated (37�C) overnight before determining the protein
content. This gave a measure of the encapsulated water-
soluble protein. Any aggregates were collected by centri-
fugation and incubated (37�C for 30min) in denaturing
solvent (PBST, 6M urea, 1mM EDTA). Analysis of pro-
tein concentration gave the amount of non-covalently
bonded HBsAg aggregates. The same procedure was
repeated with reducing solvent (10mM dithiothreitol in
denaturing solvent) to determine the amount of disulfide-
bound aggregates (n¼ 6).

Determination of the structural integrity

of HBsAg

SDS-polyacrylamide gel electrophoresis (SDS-PAGE)
was performed to examine the integrity of the antigen
(Laemmli 1970; Singh et al 1997). HBsAg was extracted
by dissolving the microspheres in 2mL of 5%w/v SDS in
0.1M sodium hydroxide solution (Singh et al 1997). The
extracted antigen was concentrated and loaded onto a
3.5% stacking gel and subjected to electrophoresis on a
12% separation gel at 200V (Bio-Rad, Hercules, CA)
until the dye band reached the gel bottom. The gel was
then stained with silver staining solution and developed
using formaldehyde and citric acid solution. To examine
potential structural alterations of encapsulated HBsAg,
isoelectric focusing (IEF) was also performed to charac-
terize the encapsulated antigen (Zhu et al 2000).

Stability studies

The stability of HBsAg within the PLGA microspheres
core environment was investigated. Lyophilized HBsAg-
PLGA microspheres stabilized with 1.5%w/v trehalose
were incubated at 37�C (n¼ 6) (Shi et al 2002). One vial
was withdrawn at each time point (Day 1, 4, 7, 10, 13, 16
and 19). The antigen was then extracted (Singh et al 1997)
and examined using SDS-PAGE analysis (Laemmli 1970)
followed by blotting the gels (Western blot) onto a cellu-
lose nitrate membrane in glycine/Tris transfer buffer at
10V for 1 h (Bio-Rad). The membrane was blocked for 1 h
in 5%w/v skimmed milk powder in PBST and incubated
for 1 h with polyclonal rabbit anti-HBsAg. After three
washings with PBST, the blot was incubated for a further
1 h with goat anti-rabbit IgG conjugated to enzyme. Three
washings of PBST were given at an interval of 15min and
the bands were visualized. The in-vitro immunogenicity
was also measured by EIA/protein ratio determination.
Alum-adsorbed HBsAg incubated at 37�C was used as a
control. All EIA/protein ratio values are the average of six
measurements (n¼ 6).

In-vivo studies

Guinea-pigs (350–400g) were used for in-vivo studies.
Animals were housed in groups of six (n¼ 10) with free
access to food and water. They were deprived of food
3h before subcutaneous immunization. The Institutional
Animals Ethical Committee of Dr Hari Singh Gour
University approved the study. The studies were carried
out according to the guidelines of the Council for the
Purpose of Control and Supervision of Experiments on
Animals, Ministry of Social Justice and Empowerment,
Government of India. The formulations were prepared by
dispersing the microspheres in sterile normal saline contain-
ing a 1% solution of sodium carboxy methylcellulose to
achieve a single dose of 20�gmL�1 (Jameela et al 1994); a
volume of 1mL was injected into the back of the guinea-
pigs. The control group received a 10-�g dose of alum-
adsorbed HBsAg and a booster was given after 4 weeks
of primary immunization. At 2 weeks after administration
of the booster, the animals were bled by cardiac puncture at
0, 15, 30, 45 and 60 days. The concentration of anti-HBsAg
antibody in the collected blood was determined using the
solid-phase enzyme-linked immunoassay (AUSAB; Abbott
Laboratories) (n¼ 6) (Nellore et al 1992). To signify actual
antibody concentration (antibody titre) in mIUmL�1, a
standard curve was prepared using the calibrated anti-
hepatitis B panel provided by Abbott Laboratories.
Antibody response was plotted as log of anti-HBsAg anti-
body titres (mIUmL�1) versus time in days.

Statistical analysis

The effect of increasing concentrations of Mg(OH)2 (0.5,
1.0, 1.5 and 2.0%w/v) on percent aggregation, PLGA
degradation and pH of the medium of each formulation
was analysed by one-way analysis of variance (GraphPad;
InStat, San Diego, CA) followed by post-hoc Tukey’s
multiple comparison test (n¼ 6). The effects of increasing
concentrations of trehalose (0.5, 1.0, 1.5 and 2.0%w/v) and
time on percent cumulative release of HBsAg, and in-vitro
antigenicity of the each PLGA formulation, were evaluated
by one-way analysis of variance and post-hoc comparisons
of the means of individual formulations were done by using
Tukey’s multiple comparison test (n¼ 6). One-way analysis
of variance followed by post-hoc Tukey’s test was also used
to measure the in-vitro antigenicity during stability studies.
The effect of different formulations of PLGA and time on
the antibody response of each formulation was analysed by
one-way analysis of variance followed by post-hoc Tukey’s
multiple comparison test (n¼ 6). Differences were consid-
ered statistically significant at P<0.05.

Results and Discussion

Physical characterization of PLGA microspheres

containing HBsAg

The PLGA microspheres prepared by the double emulsion
method were spherical in shape with a smooth surface. The
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surface of these microspheres, as observed by SEM, was free
from any pores or cracks (Figure 1). The SEM results sug-
gested that the particle size of individual microspheres was
over the range 1–10�m.Microspheres less than 10�m in size
are suitable formaximumadjuvant effect: they are capable of
entering into lymph nodes and produce high concentration
gradients of antigenover an extended timeperiod.The lymph
node accumulation promotes the interaction of encapsulated
antigen with antigen presenting cells such as macrophages
and dendritic cells (Eldridge et al 1991; O’Hagan et al 1993;
Ryan et al 2001). The loading efficiency of HBsAg-PLGA
microspheres was over the range 80–85%, as determined by
themicrobicinchoninic acid assay.Microsphereswere earlier
standardized using a model antigen, ovalbumin, to optimize
process parameters to obtain uniform and reproducible
batches of microspheres.

Because the actual size of individual microspheres was
over the range 1–10�m, the preparation could not be
sterilized by filtration. Terminal sterilization of the micro-
spheres (UV irradiation) also led to degradation of the
antigen. Microspheres were therefore prepared aseptically
to ensure that the final microspheres were sterile and to
protect the integrity and activity of HBsAg.

Hydrolysis of PLGA causes the release of lactic and
glycolic acids, which induce acidic pH (<3) inside the
microenvironment of the microspheres. This drop in pH is
the potential cause of irreversible inactivation of encapsu-
lated proteins (Heller 1990; Zhu et al 2000; Perez et al 2002).
In order to prevent the drop in pH, Mg(OH)2 was incorpo-
rated at different concentrations (0.5, 1.0, 1.5 and 2.0%
w/v) into the microspheres to prevent structural losses
and protein aggregation. To confirm the neutralization of
the acidic environment by Mg(OH)2, the percentage aggre-
gation, PLGA degradation and pH of the release medium
were examined (Table 1). The effects of increasing concen-
trations of Mg(OH)2 (0.5, 1.0, 1.5 and 2.0%w/v) on per-
centage aggregation, PLGA degradation and pH of the
medium of each formulation were measured by one-way
analysis of variance followed by post-hoc Tukey’s multiple
comparison test. The higher concentrations of Mg(OH)2

(2.0%) showed significant differences (P<0.05) in percen-
tage aggregation, PLGA degradation and pH of the med-
ium compared with the formulation without Mg(OH)2. As
predicted, as more Mg(OH)2 (2.0%) was incorporated into
the PLGA microspheres, the percentage aggregation was
reduced from 61% to 1.5%, the degradation half-time was
extended from 12 days to 30 days, and the pH of the release
medium dropped from 7.4 to 7.0 (pH 3.1 was found with-
out Mg(OH)2) (Table 1). SDS-PAGE analysis showed that
a large degree of fragmentation occurred in the absence of
Mg(OH)2 (data not shown).

The preparation of PLGA microspheres requires the
use of discordant solvents that may degrade proteins.
When the microspheres are exposed to physiological chal-
lenges (temperature, pH and osmotic strength), destabil-
ization of the protein molecules can occur (Aguado and
Lambert 1992; Esparza & Kissel 1992; Alonso et al 1993,
1994; Crotts & Park 1998; Perez & Griebenow 2001). It
was necessary to stabilize the protein during both the
encapsulation process and the release of protein from the
microspheres in-vivo. The microspheres were therefore
co-encapsulated with the potential protein stabilizer, tre-
halose. It was also hypothesized that the protein stabilizer
could shield the antigens from the organic solvent via
preferential hydration of their surface, thus preventing
protein–interface exposure to deleterious solvent effects
(Chang & Gupta 1996; Cleland & Jones 1996; Perez &
Griebenow 2001).

In-vitro release of HBsAg

The HBsAg release pattern from PLGA microspheres with
trehalose at different concentrations (0.5, 1.0, 1.5 and
2.0%w/v) was compared with PLGA microspheres without
trehalose. Statistical analysis of the effect of increasing

Figure 1 Scanning electron microscopy photograph of poly(D,L-

lactic-co-glycolic acid) microspheres encapsulating recombinant

hepatitis B surface antigen.

Table 1 Neutralization effect of Mg(OH)2 on the behaviour of

poly(D,L-lactic-co-glycolic acid) (PLGA) microspheres encapsulating

recombinant hepatitis B surface antigen (HBsAg)

Property Concentration of Mg(OH)2 (w/v)

0% 0.5% 1.0% 1.5% 2.0%

Aggregation (%)a 61� 6 48� 3 32� 4 12� 2 1.5� 0.5*

PLGA degradation

t½ (days)b
12 16 21 25 30*

pH of the mediumc 3.1 4.2 5.5 6.4 7.0*

aHBsAg was extracted from microspheres (5mg) after incubation

in phosphate-buffered saline (PBS; pH 7.4) at 37�C for 2 weeks

(mean� s.e.m., n¼ 6). bt½ is the time when the PLGA Mr was

reduced to half of the original Mr (determined by gel permeation

chromatography) during incubation in PBS at 37�C (n¼ 6). cPBS

medium containing 5mg polymer microspheres after incubation at

37�C for 2 weeks (n¼ 6). 0.5, 1.0 and 1.5% Mg(OH)2 showed non-

significant differences from control (without Mg(OH)2), P>0.05.

*2.0% Mg(OH)2 showed a significant difference from control,

P<0.05.
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concentrations of trehalose on HBsAg release indicated
that 1.5% and 2.0%w/v trehalose showed a significant
(P<0.001) increase in the release ofHBsAgwhen compared
with PLGA microspheres without trehalose. PLGA micro-
spheres without trehalose released only 15.2� 5.0% of the
loaded HBsAg on Day 14 and no further release was
observed up to 42 days (Figure 2). This could be owing to
antigen inactivation or aggregation at the w/o interface (first
emulsion step) (Perez et al 2002). The best approach to pre-
vent HBsAg denaturation and aggregation at the interface is
the addition of a protein stabilizer (trehalose) to shield the
HBsAg from the organic solvent (Cleland & Jones 1996).
Since the protein stabilizer (trehalose) reduced denaturation
at thew/o interface, the payloadofHBsAgwas increased and
this was reflected in augmented cumulative percent release.
Moreover, sugars (e.g. trehalose, sucrose) have appreciable
solubility in aqueous media. They dissolve rapidly from
the matrix leaving a porous matrix, which in turn releases
antigen/bioactive relatively faster.

As the trehalose concentration increased from 0.5% to
2.0%w/v during entrapment, release of HBsAg was also
increased up to >90%. However, a higher concentration
of trehalose (2.0%w/v) increased the initial burst of anti-
gen: 80� 2.8% of HBsAg was released within 3 days.
Microspheres stabilized with 1.5% trehalose increased
the release of HBsAg slowly up to 42 days as compared
with the higher concentration (2.0%) (Figure 2).
Therefore, we chose 1.5% trehalose for further studies to
provide a more stable environment for HBsAg during
encapsulation and during its subsequent release from the
system. In our previous experiments, other amphipathic
excipients (protein stabilizers), including bovine serum
albumin, mannitol and sucrose, were also co-encapsu-
lated, but only trehalose was useful in maintaining protein
integrity and also better release of the antigen from the
microsphere formulations (results not shown).

PLGA microspheres with trehalose (0.5, 1.0, 1.5 and
2.0%w/v) and PLGA microspheres without trehalose
were examined for in-vitro antigenicity during in-vitro
release studies. The in-vitro antigenicity of HBsAg was
evaluated by the EIA/protein ratio. PLGA microspheres
with trehalose at 0.5, 1.0, 1.5%w/v showed an EIA/pro-
tein ratio value of 0.5� 0.06, 0.8� 0.06 and 0.9� 0.04,
respectively, on Day 42 (Figure 3). PLGA microspheres
with trehalose at 2.0% exhibited an EIA/protein ratio
value of 0.9� 0.04 on Day 3, which dropped to
0.7� 0.05 from 35 days (Figure 3). The effect of trehalose
concentration and time on in-vitro antigenicity of each
formulation was statistically analysed and a significant
(P<0.001) increase in in-vitro antigenicity was found at
a trehalose concentration of 1.5% and 2.0% when com-
pared with PLGA microspheres without trehalose. This
drop could be owing to denaturation of the antigen as the
released antigen was continuously exposed to in-vitro
release medium at 37�C from Day 3 to Day 42. This
finding suggested that 1.5% trehalose provided better
controlled release and also maintained the in-vitro anti-
genicity up to 42 days. PLGA microspheres without tre-
halose exhibited poor in-vitro antigenicity of HBsAg
(0.3� 0.03). Thus, stabilization of HBsAg using 1.5%
trehalose is a feasible and attractive approach for the
formulation of injectable microspheres.

Confirmation of the structural integrity of the

antigen

Structural integrity of the HBsAg was confirmed by SDS-
PAGEand IEF techniques. SDS-PAGEanalysis followedby
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silver staining (Figure 4A) revealed identical bands for the
native and entrapped antigen with protein stabilizer (treha-
lose). However, the integrity of the HBsAg without the pro-
tein stabilizer was altered after microencapsulation, possibly
owing to antigen unfolding or aggregation at the o/w inter-
face. These results provide convincing evidence that the pro-
tein stabilizer (trehalose) has a positive role in preventing the
inactivation of antigen during the encapsulation process.

IEF analysis is one of the best techniques to test protein
degradation (i.e. deamidation of the encapsulated and
released antigen) (Zhu et al 2000), so the potential struc-
tural alteration of stabilized HBsAg was further con-
firmed by IEF analysis (Figure 4B). Results suggested
that the isoelectric point of HBsAg (IEF 5.2–5.5)
remained the same for the native, alum-adsorbed HBsAg
and encapsulated HBsAg together with stabilizer.

Stability studies

It was important to confirm the stability and activity of
proteins during their storage and release from micro-
spheres. Stability studies were performed at 37�C. The
confirmation and activity of HBsAg was examined by
Western blot analysis. The encapsulated antigen was
extracted from the PLGA microspheres and concentrated

using amicon ultrafiltration before being used for the
Western blot. The immunoreactivity of encapsulated
HBsAg was unaltered up to 16 days as observed with
Western blot analysis (Figure 5). In-vitro immunogenicity
of encapsulated HBsAg was evaluated by EIA kit and the
EIA/protein ratio was found to be 0.9� 0.2 up to 16 days
(Figure 6). One-way analysis of variance followed by post-
hoc Tukey’s test was performed to measure the in-vitro
antigenicity during stability studies. The 1.5%w/v treha-
lose concentration and alum-adsorbed vaccines showed a
significant (P<0.001) increase in in-vitro antigenicity
when compared with PLGA microspheres without treha-
lose. Alum-adsorbed HBsAg incubated at 37�C was used as
a control and gave an EIA/protein ratio value of 0.9� 0.3
up to 16 days. After Day 16, the EIA/protein value
of control and stabilized HBsAg-PLGA microspheres
dropped to 0.5� 0.2 and 0.7� 0.2, respectively. Hence,
the in-vitro antigenicity of alum-adsorbed HBsAg (control)
and HBsAg-PLGA microspheres stabilized with 1.5% tre-
halose and 2% Mg(OH)2 was found to be equal for 16
days. Thus, HBsAg was successfully encapsulated and
remained stable at 37�C for 16 days. The inherent stability
of unencapsulated HBsAg at a range of acidic pH values
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HBsAg; lanes 4 and 5: encapsulated HBsAg with trehalose.
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Figure 5 Western blot analysis showing immunoreactivity of

recombinant hepatitis B surface antigen (HBsAg) during stability

studies at 37�C. Lane 1: unencapsulated HBsAg; lane 2: Day 1; lane 3:

Day 4; lane 4: Day 7; lane 5: Day 10; lane 6: Day 13; lane 7: Day 16;

lane 8: Day 19.
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Figure 6 In-vitro antigenicity (ratio of the enzyme immunoassay

response to protein concentration) of recombinant hepatitis B surface

antigen (HBsAg) during stability studies at 37�C (n¼ 6) (P<0.001).

Alum HBsAg, alum-adsorbed HBsAg; PLGA, poly(D,L-lactic-

co-glycolic acid. PLGA with trehalose (1.5%) and alum-adsorbed

HBsAg showed significant differences from control (PLGA without

trehalose), P<0.001.
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(pH 3–7) was also studied at 37�C for 1 week. The results
indicated that HBsAg lost �30–50% of in-vitro antigeni-
city (EIA/protein ratio), when the pH was decreased to
below 5.0, and remained �100% active over the range of
pH 5–7 (Table 2). HBsAg in PLGA microspheres gave an
EIA/protein ratio value of 1.0� 0.1 (�100% active) over
the range of pH 3–7 (n¼ 6). The effects of pH 3–7 on
in-vitro antigenicity of each formulation was analysed and
a significant (P<0.05) increase in in-vitro antigenicity was
found over the range of pH 5–7 when compared with
pH<5. Unencapsulated HBsAg stored at 4�C (no 37�C
incubation) was used as a control. As pH inside PLGA
microspheres is believed to be below 5 (Table 1), Mg(OH)2
was co-incorporated into the PLGA microspheres to neu-
tralize the acidity during degradation of the polymer and
maintain the pH at between 5 and 7, at which the antigen
was more stable (�100 active) (P<0.05).

In-vivo studies

The immunogenicity of the HBsAg-PLGA microspheres
was compared with the conventional alum-adsorbed HBsAg
vaccine in guinea-pigs. PLGA microsphere-based formula-
tion with trehalose (single injection), PLGA microsphere-
based formulation without trehalose (single injection),
alum-adsorbed HBsAg vaccine (single injection) and alum-
adsorbedHBsAg vaccine (single and booster injections) were
compared. The effect of different formulations of PLGA and
time on the antibody response of each formulation was ana-
lysed by using one-way analysis of variance followed by post-
hoc Tukey’s multiple comparison tests. Alum-adsorbed
HBsAg and PLGA microspheres with trehalose and
Mg(OH)2 showed a significant (P<0.05) increase in the
level of anti-HBsAg antibodies. Day 60 (i.e. 90 days after
the primarydose) serumantibody titres indicated that a single
injection of the HBsAg-PLGA formulated vaccine with tre-
halose produced an almost equivalent immune response
when compared with two injections (with booster) of

alum-adsorbed HBsAg vaccine (P<0.05) (Figure 7). The
HBsAg-PLGA formulated vaccine without trehalose and a
single injection of alum-adsorbed HBsAg vaccine did not
result in any significant antibody titres. Shi et al (2002) and
Singh et al (1997) reported that a single injection of HBsAg-
PLGA formulated vaccine did not result in any significant
antibody levels, however, a single injection of a mixture
of alum- and PLGA-formulated HBsAg resulted in a good
antibody response thatmimickedmultiple injections of alum-
adsorbed HBsAg vaccine. In contrast, in the present study,
significant antibody titres were found when a single injection
of stabilized HBsAg-PLGA microspheres was administered
(P<0.05). If the releasedHBsAg from themicrosphereswith
stabilizerwasnot antigenically active, the antibody titre could
have been similar to the antibody titre produced by the single
dose of theHBsAg-PLGAmicrospheres without stabilizer or
less than the antibody titre produced by the single dose of the
alum-adsorbed HBsAg vaccine. Thus, it may be concluded
that the HBsAg released from the stabilized PLGA micro-
spheres was active enough to match the two injections of the
alum-adsorbed HBsAg vaccine. Mg(OH)2 could also have
acted as an additional adjuvant, similar to the well known
adjuvant Al(OH)3. Therefore, an additional formulation
(HBsAg in PLGA with trehalose but without Mg(OH)2)
was made. The in-vivo evaluation of this system did not
lead to significantly higher and more prolonged antibody
levels (up to 60 days) than those measured for the PLGA
microspheres without trehalose but with Mg(OH)2
(P>0.05) (Figure 7). This finding indicates that Mg(OH)2
had no additional adjuvant effect and was only used to pre-
vent thepHdropwithinPLGAmicrospheres (Table 1).Thus,
trehalose provided a stable environment for HBsAg during
entrapment and subsequent release from the system.

Table 2 In-vitro antigenicity of recombinant hepatitis B surface

antigen (HBsAg) formulations at different pH values during inherent

stability studies at 37�C

HBsAg formulation pH3 pH4 pH5 pH6 pH7

HBsAg in solution at 37�C for 1 week 0.5 0.7 1.0* 1.1* 1.0*

HBsAg in PLGA at 37�C for 1 week 0.9 1.0 1.0 1.0 1.0

HBsAg in solution at 4�C
(no 37�C incubation)

1.0 1.0 1.0 1.0 1.0

PLGA, poly(D,L-lactic-co-glycolic acid). Antigenicity was evaluated by

the ratio of the enzyme immunoassay response to protein concen-

tration (EIA/protein). EIA/protein ratio values are the average

of six measurements. pH 3 and pH 4 showed non-significant

differences from control (PLGA encapsulated without Mg(OH)2 at

37�C), P>0.05. *pH 5–7 showed significant differences from control

(PLGA encapsulated without Mg(OH)2 at 37�C), P<0.05.

(Unencapsulated plain hepatitis B at 4�C was used as positive control).

0

1

2

3

4

5

6

0 15 30 45 60
Time (days)

Lo
g

 a
n

ti
-H

B
sA

g
 (

m
IU

 m
L–1

)

Alum-adsorbed hepatitis B vaccine (single dose)

Alum-adsorbed hepatitis B vaccine with booster
Microspheres with trehalose and Mg(OH)

2 (single dose)

Microspheres without trehalose but with Mg(OH)
2
 (single dose)

Microspheres with trehalose but without Mg(OH)
2
 (single dose)

Figure 7 Anti-recombinant hepatitis B surface antigen (HBsAg)

antibody response of different HBsAg formulations (n¼ 6). Alum
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trehalose and Mg(OH)2 (single dose) showed significant differences
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P<0.05.
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Conclusion

The aim of the present study was to design an approach for
stabilizing HBsAg in PLGA microspheres. The polymer
selected for controlled drug delivery was biodegradable, safe
(tissue compatible), permeable, easy to process and stable in-
vivo. By adding a protein stabilizer (trehalose) and an antacid
(Mg(OH)2), the stability of the antigen was substantially
enhanced during entrapment and release from the micro-
spheres. The protein stabilizer played a key role in preventing
the inactivation of antigen during the encapsulation process
and subsequent release. SDS-PAGE and IEF confirmed that
antigen remained intact after encapsulation. In-vivo immu-
nogenicity studies of the formulations in guinea-pigs showed
that a single injection of PLGA microspheres resulted in
good anti-HBsAg antibody levels, which mimicked booster
injections of alum-adsorbed HBsAg vaccine.

The results indicate that PLGA microspheres encapsu-
lating stabilized HBsAg have potential application in the
field of vaccine delivery and could be an appropriate
choice for the development of a single-dose vaccine
against hepatitis B.
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