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ABSTRACT

Objective: Chitosan is a natural polysaccharide derived from chitin by deacetylation. It is a non-toxic, biocompatible and
biodegradable polymer, and has attracted considerable interest in a wide range of pharmaceutical applications including
drug and vaccine delivery. The immune-stimulating activity of chitosan microparticles such as the activation of macrophages
and polymorphonuclear leukocytes has been reported. In this work, we have investigated the releasing properties of
influenza virus antigens from the chitosan microparticles and beads.

Materials and Methods: Chitosan microparticles and beads were prepared by coacervation and ionotropic gelation method,
respectively. The microparticles and beads were loaded with the viral antigens by passive adsorption and/or entrapment into
the microparticles. The titration of the viruses was defined by haemagglutination assay or by quantitation of viral proteins
using the Bradford method.

Results: The results showed that the loading efficiency and the loading capacity of chitosan microparticles/beads with the
viral antigens and the releasing profiles of the antigens from the particles changed depending on the type of chitosan, the
pH of the loading buffer and the methods used to prepare the particles. The influenza viral antigens, passively adsorbed
onto microparticles/beads, were released within 2 hours to 5 days. In contrast, the viral antigens entrapped into the chitosan
microparticles were released more slowly and continued for up to 30 days.

Conclusion: It was concluded from the viral antigen releasing profiles of chitosan particles that the viral antigens entrapped

into the microparticles are more suitable for in vivo applications as a potential mucosal vaccine.
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INTRODUCTION

Chitin, the main source of chitosan, is the second most
abundant polysaccharide in nature (1). It is the principal
component of the exoskeletons of crustaceans and in-
sects as well as of cell walls of fungi and some bacteria
(2-4). Chitosan [(1-4)-2-amino-2-deoxy-b-D-glucan] is
obtained by the alkaline deacetylation of chitin (1, 5).
Chitosan is a positively charged biopolymer, which can
form complexes with the negatively charged molecules
(6-8). It is a safe and non-toxic linear molecule com-
posed of randomly distributed B-(1—4)-linked D-glu-
cosamine and N-acetyl-D-glucosamine. All these char-
acteristics make the chitosan an ideal biopolymer for
formulation and controlled release of some drugs and
vaccines. A number of studies have been carried out
with the aim of using chitosan-based microparticlesasa

carrier of drugs, vaccines and even plasmid DNA (7-11).
Some studies have shown that chitosan plays a role in
the activation of macrophages and cytotoxic T lympho-
cytes (12,13). Due to these immune-stimulatory effects,
chitosan is of great importance, especially in research
into the development of mucosal vaccines (11,14). In
this study, the potential of chitosan as a carrier for in-
fluenza A viruses, which pose a great risk for human
health, was investigated. These viruses characteristi-
cally cause recurrent epidemics of diseases resulting in
considerable mortality and morbidity worldwide each
year, especially among high-risk groups such as the el-
derly and young children (15,16). This is largely due to
the continual changes in the antigenic properties of in-
fluenza viruses via minor and major antigenic changes
(17). In particular, the changes of the viral hemaggluti-
nin proteins enable the virus to avoid the immunolog-
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ical defense of the host organism. Consequently, the control of
the influenza viruses by vaccination is not completely effective.
However, vaccines are one of the most important tools to deal
with influenza virus infections. Current commercially available
influenza vaccines are the formulations of live attenuated virus-
es (attenuated vaccines), inactivated viruses (whole inactivat-
ed or split vaccines), or purified viral surface antigens (subunit
vaccines) (18-19). However, different approaches to developing
more effective vaccines against influenza virus infections, such
as mucosal vaccines have been considered in several studies
(20). In this context, the nasal mucosa is an attractive site for
the delivery of vaccines, and it has certain advantages over the
other application routes (21,22). Mucoadhesive particulate car-
rier systems such as chitosan, starch and hyaluronic acid offer
significant potential for the development of mucosally adminis-
tered vaccines (23,24). Particulate carriers based on chitosan, a
biodegradable polymer, have great potential for the delivery of
viral proteins for vaccination. The incorporation or adsorption
of the viral antigens onto the chitosan particles was recently
shown to have a good adjuvant effect (25-27). Chitosan could
open the intercellular tight junctions and facilitate the paracel-
lular transport of macromolecules; nano- and microparticles are
suitable for controlled vaccine release (28,29). Thus, chitosan
and its derivatives could induce strong systemic and mucosal
immune responses against viral antigens (13). In the present
study, we have investigated the potential of chitosan for the
sustained release of influenza viral antigens. We have prepared
chitosan microparticles/beads loaded with influenza viral anti-
gens, and examined the releasing behavior of the viral antigens
from microparticles/beads in in vitro conditions.

MATERIAL AND METHODS

Chitosan

Chitosan biopolymers were purchased from Fluka Co. Ltd, Swit-
zerland. Two types of chitosan were used for the formation of chi-
tosan microparticles and beads; low-viscous chitosan (L-chitosan
/ Cat.No. 50494 / <200 mPa.s; 1% solution in 1% acetic acid at 20°C)
and middle-viscous chitosan (M-chitosan / Cat. No. 28191 / 200-
400 mPa.s; 1% solution in 1% acetic acid at 20°C) with 150 kD and
400 kD average molecular weight, respectively. Chitosan solu-
tions 0.5% (w/v) and 2% (w/v) were prepared by dissolving 0.5 g
and 2 g of chitosan in 100 ml, 1% (v/v) acetic acid.

Influenza Viruses, Growth, Purification and Quantitation

The Influenza virus A/Puerto Rico/8/34 (HIN1) was used in the
present experiments. The viruses were grown in the allantoic
cavity of 10 day-old embryonated eggs. Using a syringe with a
25-gauge needle, 0.1 ml of virus sample (100-200 pfu) diluted
in phosphate buffer solution (PBS) supplemented with bovine
serum albumin-fraction V (1%, w/v) was inoculated into the al-
lantoic cavity of hen eggs. The inoculated eggs were incubated
at 35.5 °C for 48 hours. The allantoic fluid collected from 25 eggs
was harvested and clarified by centrifugation at 3,000g for 10
minutes. The viruses were concentrated with polyethylene gly-
col (PEG) precipitation. For this procedure, solid PEG-6000 was
added to the virus containing fluid at a final concentration of

8% (w/v) and stirred on ice for 1 h. The virus precipitate was re-
covered by centrifugation at 10.000g for 30 min at 4°C and re-
suspended in 1 ml of NTE (100 mM NacCl, T mM Tris HCL, pH 7.5,
1 mM EDTA) buffer. The viruses were purified by ultracentrifu-
gation on a sucrose cushion. A two-layer sucrose solution was
prepared by adding 1.5 ml 60% sucrose and 2 ml 15% sucrose
solutions into the 4 ml ultracentrifuge tubes (Sorvall TST 60.4
Swing Out Rotor) and, 0.5 ml of the concentrated virus sample
was layered over the 15% sucrose solution. The samples were
centrifuged at 100.000g for 1 hour at 4°C, and the viruses con-
centrated in the interface region between 15% sucrose layer
and 60% sucrose cushion was removed. The virus fraction was
diluted to 4 ml with NTE buffer and re-centrifuged 100.000g for
30 min at 4°C. The virus precipitate was resuspended in 0.5 ml
NTE buffer and stored as small aliquots at 80°C (30). The purified
influenza viruses were titrated with haemagglutination assays. A
doubling dilutions of virus sample in 100 uL of PBS was prepared
in 96-well U-bottom plate. Equal volume of 1% red blood cell
was added to diluted samples and allowed to stand undisturbed
for 30 min. After incubation, the haemagglutination in end-
point dilution was defined and, the virus titer was calculated as
haemagglutination unit (HAU) with the following equation (30).

Virus quantity (HAU/100 uL) = (A +B/2)

A, the end-point dilution factor giving positive haemagglutina-
tion; B, the first-point dilution factor giving negative haemag-
glutination.

Testing of Influenza Virus Purity

The purity of the prepared virus sample was checked by both
the analysis of viral structural proteins by sodium dodecyl sul-
fate - polyacrylamide gel electrophoresis (SDS-PAGE) technique
and electron microscopic analysis. For SDS-PAGE analysis, the
virus samples were mixed with x4 SDS sample loading buffer at
aratio of 3:1, then denatured for 5 minutes in boiling water and,
loaded onto 7.5% polyacrylamide gel. The electrophoresis was
carried out in the first 20 minutes at 10 mA/gel and then at 20
mA/gel for 2 hours. The proteins separated on gel were visual-
ized by staining with Coomassie brilliant blue R-250. For electron
microscopic analysis, virus samples were negatively stained (31)
and electron micrographs of viruses were taken with a trans-
mission electron microscope (Jeol T-100).

Inactivation of the Influenza A Viruses

Formaldehyde and B-propiolactone are widely used for inac-
tivation of viruses for the preparation of vaccines (32). In this
work, formaldehyde was used for the inactivation of purified in-
fluenza viruses. Formaldehyde was added to the virus samples
at 0.1% final concentration and incubated at 4°C for a week. The
inactivated virus sample was used for entrapment in chitosan
microparticles.

Preparation of Chitosan Microparticles

Chitosan solution 0.5% (w/v) was prepared by dissolving 0.2 g
of L- or M-chitosan in 20 ml, 1% (v/v) acetic acid. For the forma-
tion of chitosan microparticle, an equal volume of 20% sodium
sulfate solution was added dropwise to the chitosan solutions
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and mixed on a magnetic stirrer for 1 hour. To strengthen the
microparticles, glutaraldehyde was added to the solution at
0.1% final concentration and stirring continued for 45 minutes.
Then, the chitosan microparticles were recovered by centrif-
ugation (10.000g, 4°C, 20 min), and repeatedly washed with
deionized water. Chitosan microparticles were freeze-dried by
using a freeze dryer, passed through a sieve with 53 um mesh
size and stored in a desiccator at 4°C. The average sizes of mi-
croparticles was determined using a light microscope with an
ocular micrometer by measuring at least 100 particles.

Preparation of Chitosan Beads

The chitosan beads were prepared by the ionotropic gelation
method (33) using sodium tripolyphosphate (TPP) as an ionic
agent. For this, a 2% chitosan solution prepared in 1% acetic acid
was used. The chitosans solution was dropped into the 10% TPP
solution (pH 6 or pH 9) stirred at 140 rpm using a syringe with
a 22-gauge needle under a constant pressure applied on the
syringe to get the beads in uniform sizes. The chitosans beads
were cross-linked with 1% w/v of glutaraldehyde and repeated-
ly washed with deionized water. The beads were dried at room
temperature or freeze-dried with a freeze-dryer. The average siz-
es of chitosan beads was determined using a light microscope
with an ocular micrometer by measuring at least 25 beads.

Scanning Electron Microscopic Examination of Chitosan
Beads

The surface characteristics and porosity of the chitosan beads
were examined with a scanning electron microscope (SEM). The
beads were coated with 20 nm of gold and, images were taken
with SEM (JSM 5200).

Loading of the Chitosan Microspheres with Influenza Viruses
The chitosan microparticles were loaded with purified influenza
viruses by following two methods. First, the chitosan micropar-
ticles, prepared as mentioned above, were loaded with viruses
by passive adsorption. 7.5 mg of the chitosan microparticles
were added to 1 ml PBS containing influenza viruses equivalent
to the 1920 HAU virus and mixed with a tube mixer at 30 rpm
for 5 hours at room temperature. Then the microparticles were
precipitated by centrifugation at 10,0009 for 10 min. The super-
natants were removed and used for the titration of unabsorbed
viruses to the chitosan microparticles. Virus titration in the su-
pernatants were determined with HA assay. The microparticle
precipitates were used in releasing experiments.

In the second method, the viruses were entrapped in the chi-
tosan microparticles during the preparation processes. An inac-
tivated influenza virus sample equivalent to 40000 HAU (~220
ug of viral protein) was added to 20 ml of 10% sodium sulfate
and this solution was used for the preparation of microparticles
as described above. Then the microparticles were precipitat-
ed by centrifugation at 10,000g for 10 min. The supernatants
were removed and used for the titration of unentrapped virus-
es by measuring viral proteins using the Bradford method. The
precipitates were washed with deionized water, freeze-dried,
passed through a sieve with 53 um mesh size and stored in a

desiccator at 4°C. The micropatrticle sizes was determined using a
light microscope with an ocular micrometer by measuring at least
100 particles.

The loading efficiency (i) and loading capacity (ii) of microparti-
cles were calculated with the following equations as previously
described (34,35).

i. Loading (encapsulation) efficiency (%) = (A-B/A).100
ii. Loading (encapsulation) capacity

(HAU or ug viral protein / mg micropatrticles)= (A-B/C)

A, the total amount of viruses (HAU or g viral protein); B, unab-
sorbed or unentrapped virus quantity (HAU or pg viral protein);
C, the weight of chitosans microparticles or beads (mg).

Loading of the Chitosan Beads with Influenza Viruses

The chitosan beads were loaded with the purified viruses by the
passive adsorption at three different pH (pH 5, 7 and 9). 20 mg
of the chitosan beads and purified influenza viruses equivalent
to 1920 HAU were mixed in 1 ml PBS at different pH and rotated
with a tube mixer at 30 rpm for 5 hours at room temperature.
Then the liquid phase was completely removed and used for
the titration of the unabsorbed virus with HA assay. The virus
loaded chitosan beads were used in the releasing experiments.

In vitro Release Studies

The influenza virus release from the loaded chitosan microparti-
cles and beads was studied in PBS using the shaking water bath,
60 rpm at 37°C. The microparticle samples were centrifuged at
10,0009 for 10 min at defined time intervals and, 200 pL of sam-
ple from the supernatant was removed for virus titration with
HA assay or viral protein quantitation using the Bradford meth-
od. In release studies with chitosan beads, 200 uL samples from
the liquid phase were directly removed without centrifugation
and used for the titration of viruses with HA assay. After taking
the samples, 200 uL of fresh PBS was added to the medium and
the incubation continued. The cumulative release of the viruses
as HAU or g viral proteins was determined and plotted to time
intervals.

Statistical Analysis

Statistical methods used in this work include descriptive sta-
tistics (arithmetic mean and standard deviation) and the non-
parametric Mann-Whitney test. p<0.05 defined statistical signif-
icance.

RESULTS

The Titer and Purity of Influenza A Viruses

The influenza A viruses obtained from virus infected allantoic
fluids of 25 embryonated hen eggs were purified by centrifu-
gation on sucrose cushion and concentrated in 500 pL of NTE
buffer. The titer of the purified virus sample was detected by
haemagglutination assay as 19200 HAU / 100 pL (72800 + 25600
/2 =19200) (Figure 1a). Inactivation with formalin and/or en-
trapment of influenza A viruses in chitosan microparticles in-
hibit the haemagglutination ability of the viruses (data not
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shown). The virus titrations were determined by quantifying
viral protein using the Bradford method in experiments carried
out with virus-entrapped chitosan microparticles. Therefore, a
standard plot showing the viral protein quantity in the samples
with a defined virus titer (as HAU) was generated (Figure 1b).

The purity of influenza A viruses prepared from embryonated
hen eggs were checked both by an analysis of viral structural
proteins with SDS-PAGE (Figure 2a) and electron microscopic
observation of the negatively stained virus particles (Figure 2b).
As shown in Figure 2a, the virus sample prepared by centrifu-
gation at sucrose chosen was found to be very pure compared
to infected crude allantoic fluid. The transmission electron mi-
croscopic observation (Jeol T-100) of the negative stained virus
samples supported the purity of the viruses and gave informa-
tion about the morphology of purified virus particles (Figure
2b). Hereby, it has been shown that viruses are highly purified
from impurities such as cellular debris, and they have typical in-
fluenza virus morphology.

The Sizes of the Chitosan Microparticles

The sizes of virus-free (unloaded) and virus-entrapped micro-
particles prepared with two different types of chitosan (L- and
M-chitosan) were determined using a light microscope with an
ocular micrometer. The size of a minimum of 100 independent
microparticles were measured from each formulation and the
average sizes are given in Table 1. It was observed that the size
of chitosan microparticles varied depending on the type of chi-
tosan used. The chitosan microparticles prepared with M-chi-
tosan were found to be larger than those of L-chitosan but not
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Figure 1. a, b. a) Titration of influenza A viruses by haemaggluti-
nation assay; and b) Bradford method.

statistically significant. Furthermore, the addition of viruses
during microparticle preparation caused the formation of larg-
er microparticles in size (p<0.05).

The Sizes and Morphological Analysis of Chitosan Beads

The sizes of the beads prepared with 2% L-chitosan and M-chi-
tosan solutions at two different pH were determined using a
light microscope with an ocular micrometer in the way as the
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Figure 2. a, b. a) Checking of the purity of influenza A viruses
produced in embryonated hen eggs by analysis of viral proteins
with polyacrylamide gel electrophoresis; and b) electron micro-
scopic observations. M.prestained protein marker (NEB, broad
range). For electron microscopic observation, the purified virus-
es were negatively stained with 1% ammonium molybdate. The
bar represents 100 nm.
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Table 1. The sizes of chitosan microparticles prepared with L-chitosan (LM) and M chitosan (MM). LMv and MMv samples were
loaded with inactivated influenza virus particles during microparticle preparation. n>100.

formulation codes LM

MM

LMv MMv

Size (um) 1.57+0.1

1.68+0.12

1.78+0.15 1.9+0.16

Table 2. The sizes of chitosan beads prepared with L-chitosan and M-chitosan. LBA and MBA beads were prepared at pH.6; LBB

and MBB beads were prepared at pH 9. n>25.

formulation codes LBA LBB MBA MBB
Size (mm) (lyophilized) 1.40+ 0.04 1.53+ 0.05 1.47+0.04 1.62+ 0.06
(dried atr. t.) 0.62+0.02 0.70+ 0.03 0.66+ 0.02 0.74+0.03

Figure 3. a-d. SAM images of chitosan beads prepared under different conditions. The samples dried at room temperature: a) LBA, b)
MBA, c) MBB; d) freeze-dried sample: LBB.

microparticles. The sizes of beads varied depending on the pH
of the TPP solution used for the bead formation and drying
method rather than the type of chitosan as shown in Table 2.
It was found that the beads prepared at pH 6 (LBA and MBA)
were smaller than the beads prepared at pH 9 (LBB and MBB)
(p>0.05), and lyophilized beads were 2-3 times larger than the
beads dried at room temperature (p<0.05). The surface mor-
phologies of chitosan beads prepared under different condi-
tions were also examined by SEM (Figure 3). The dimensions of
the chitosan beads observed with SEM were close to the values
obtained with light microscopy. In addition, it was observed
that the chitosan beads prepared with TPP at basic pH have
more porous surface compering to those prepared at acidic pH
(Figures 3a, 3b and 3c); the lyophilized beads were larger than
the beads dried at room temperature and had irregular spongy
shapes (Figure 3d).

The Virus Loading Efficiency and Loading Capacity of
Microparticles

Chitosan microparticles were loaded with influenza viral
antigens by passive adsorption or entrapping of inactivat-
ed virus particles during the preparation of microparticles.
The antigen loading efficiency of microparticles loaded by
passive adsorption was determined by measuring the titer of
unabsorbed viruses with HA assay. It was found that micro-
particles prepared using L-chitosan had higher loading effi-
ciency than those prepared with M-chitosan. Furthermore,
the pH of the loading medium affected the loading efficien-
cy of microparticles. The loading efficiency of microparticles
was found to be higher at pH-7 than that at pH-5 and pH-9
of the medium (pH: 7>5>9) (p<0.05). The loading capacity
of microparticles were found in correlation with loading ef-
ficiency (Table 3).
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Table 3. Virus loading efficiency and loading capacity of
microparticles. Microparticles (7.5 mg) were loaded with
purified influenza A viruses (1920 HAU) by passive adsorption

loading loading capacity

formulation loading efficiency (HAU/mg
codes pH (%) microparticles)

5 82.5+4.1 224.0£10.7
LM 7 86.6+2.6 228.0+6.8

9 22.3+1.3 61.3£3.5

5 49.2+2.9 134.4+7.4
MM 7 69.3+£1.8 192.0+4.8

9 19.3£1.2 52.3+3.2

Table 4. Loading efficiency and loading capacity of
microparticles loaded with inactivated influenza A viruses
during microparticle preparation

loading capacity

formulation loading (png viral prot./mg
codes efficiency (%) microparticles)
LMv 59.3+2.1 1.3+0.05
MMv 93.7+1.2 2.3+0.03

The antigen loading efficiency and loading capacity of the virus
entrapped microparticle samples were indirectly determined
by measuring viral proteins. After the formation of microparti-
cles, the amount of viruses remaining in the liquid phase was
determined using the Bradford method by using the standard
plot given in Figure 1b, and loading efficiency and loading ca-
pacity of the samples were calculated as mentioned in methods
(Table 4). The loading capacity and efficiency of microparticles
prepared with M-chitosan were found to be significantly higher
than that of L-chitosan (p<0.05).

The Virus Loading Efficiency and Loading Capacity of
Chitosan Beads

The chitosan beads were only loaded with viruses by the pas-
sive adsorption method. The antigen loading efficiency and
capacity of beads were determined by the titration of unad-
sorbed viruses with HA assay. Loading efficiency and capac-
ity of chitosan beads were found to be lower than those of
microparticles as shown in Table 5. Similar to the microparti-
cles, the L-chitosan beads have higher loading capacity than
the M-chitosan beads. In contrast, the loading efficiency
and capacity of beads was higher at pH-5 than that of pH-7
and pH-9 of the medium (pH: 5>7>9) (p<0.05). The chitosan
beads, prepared by coagulation in an aqueous TPP solution
at pH-9 (LBB and MBB), were loaded more efficiently com-
pared to the solution at pH-6 (LBA and MBA). In addition, it
has been shown that the drying method used for beads has
a significant effect on the loading efficiency and capacity of

Table 5. Virus loading efficiency and loading capacity of chitosan beads. Beads (20 mg) were loaded with purified influenza

A viruses (1920 HAU) by passive adsorption

Chitosan Beads

freeze-dried

dried atr.t.

loading

loading capacity loading loading capacity

formulation codes loading pH efficiency (%) (HAU/mg beads) efficiency (%) (HAU/mg beads)
5 17.1+0.8 18.0+0.7 7504 7.9+04
LBA 7 9.5+0.3 9.9+0.3 4.1+0.2 4.3%0.1
9 7.2+0.2 7.5+£0.2 3.1£0.2 3.3£0.1
5 10.0£0.6 10.31£0.6 5.4+0.4 5.6+0.4
MBA 7 6.6+0.3 6.7+0.3 3.2+0.2 3.4+0.2
9 5.4+0.2 5.5+0.2 2.7£0.1 2.8+0.1
5 26.2+1.3 27.9+1.2 10.8+£0.4 11.2+0.4
LBB 7 14.3+0.4 15.0+0.4 6.3+0.2 6.3+0.2
9 10.4+0.2 10.8+0.2 5.2+0.1 5.4+0.1
5 17.5+£0.8 16.8+0.7 7.1+£04 7.2+04
MBB 7 10.6+0.5 27.0+£0.4 4.7£0.2 4.8+0.2
9 8.9+0.3 34.5+0.3 4.2+0.2 4.240.2

6
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Figure 5. a-d. a) The viral antigen release from chitosan beads loaded at different pH. b) The beads prepared with L-chitosan and freeze-
dried. ¢) The beads prepared with M-chitosan and freeze-dried. d) The beads prepared with L-chitosan and dried at r.t. The beads pre-
pared with M-chitosan and dried at room temperature. The numbers added to the formulation codes of chitosan beads show the pH

beads. The beads dried by lyophilization have at least 2-fold
higher loading efficiency and capacity than that of samples
dried at room temperature.

The Release of Viruses from Chitosan Microparticles
Cumulative virus releases from chitosan microparticles loaded
with passive adsorption or entrapment with viruses are given
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in Figure 4. The viruses adsorbed microparticles were released
within 10 hours to 5 days depending on the pH of the loading
medium. The viral antigens, which were loaded onto the micro-
particles at pH 5, were released very slowly and continued for
up to 5 days (Figure 4a). In evaluations based on the loading
efficiency of microparticles; the cumulative ratios of released
viruses from chitosan microparticles were calculated as 26-42%
for the microparticles loaded at pH 5 (LM5 and MM5), 71-78%
for the microparticles loaded at pH 7 (LM7 and MM7) and 85-
92% for the microparticles loaded at pH 9 (LM9 and MM9) at
the second hour of the releasing experiment. After 6 hours, the
cumulative releasing ratios were found to be 35-55%, 92-95%
and > 95% for microparticles loaded at pH 5, 7 and 9, respec-
tively. The releasing of viruses from L-chitosan microspheres
was slightly higher than that of M-chitosan microspheres. These
results show that the loading pH is one of the most important
factors affecting the rate of release of viruses from chitosan mi-
croparticles.

The releasing of viral antigens entrapped in chitosan micropar-
ticles was monitored by quantification of viral protein using the
Bradford method as mentioned above. The cumulative releas-
ing of viral proteins is given in Figure 4b. The viruses which were
entrapped in microparticles were released very slowly and con-
tinued for up to 30 days. After 6 hours, the cumulative releasing
ratios were found to be 27% and 31% for MMv microparticles
and LMv microparticles, respectively. At the end of the 30-day
period, the approximate cumulative release values for MMv and
LMv had reached 63% and 57%.

The Release of Viruses from Chitosan Beads

The loading of chitosan beads with viruses was carried out at
different pHs (at pH 5, 7 and 9) such as microparticle samples.
Then, the beads were suspended in PBS and left at 37°C in a
shaking water bath to release the viruses. The quantity of virus-
es in samples taken from the liquid phase at defined intervals
was determined by HA assays. The cumulative release of viruses
from the chitosan beads is given in Figure 5. Although the load-
ing efficiency and loading capacities were different, the release
profiles of the virus antigens from the chitosan beads prepared
in different conditions were relatively similar. The releasing of
viral antigens from beads occurred more rapidly and about 90%
of adsorbed antigens were released within 2-4 hours.

DISCUSSION

According to the World Health Organization report, infectious
diseases constitute over 10% of the top 10 causes of deaths
from 2000 to 2015 (36). Viral diseases have an important ratio
among the infectious diseases in humans (37). However, the
success rate of the prevention of viral infections is very low
compared to bacterial diseases. The most effective way to pre-
vent viral infections is viral vaccines, but they are not complete-
ly effective for a number of reasons. Therefore, a variety of new
approaches are required to enhance the immune response and
to ensure the long-term efficacy of the vaccines. The carrier
polymers, which are biodegradable, non-toxic and allow the

controlled release of antigens, are of great importance both in
increasing the efficacy of the vaccines and in their ability to be
used in the formulation of mucosal vaccines (38-40). Intensive
studies have been conducted on the use of chitosan polymers
in the formulation of vaccines as well as many other pharma-
ceuticals (27,41,42). In this study, the potential of microparticles
and beads prepared with chitosan polymers as a carrier of the
virus antigen, were evaluated in in vitro conditions.

Influenza A viruses were produced in the allantoic cavity of
embryonated hen eggs and purified by sucrose gradient cen-
trifugation technique. A pure virus sample equivalent to 19200
HAU/100 pl (totally 500 ul) was obtained from 25 hen eggs (Fig-
ure 1). The purity of viruses was demonstrated both by poly-
acrylamide gel electrophoresis of viral structural proteins and
by electron microscopic analysis of the virus particles (Figure 2).
The viruses were used for incorporation and/or adsorption into
the chitosan microparticles and beads.

Physical properties such as the sizes and surface structure of
the chitosan microparticles and beads vary depending on the
molecular weight of the chitosan, and the conditions applied
for formulations (43). In the present study, two types of chitosan
with different molecular weights were used for the formation
of microparticles and beads. Although there was no statistical-
ly significant difference, it was found that the average sizes of
the microparticles formed with L-chitosan were smaller than
those formed with M-chitosan (Table 1). However, the entrap-
ment of influenza viruses to the chitosan microparticles during
the formulation resulted in significant increases in particle sizes
(p>0.05). Similarly, the average sizes of chitosan beads changed
depending on the molecular weights of the chitosan and the
conditions applied to form beads. It was determined that the
beads formed with both L- and M-chitosan in acidic pH were
smaller than the beads formed in basic pH (Table 3). The beads
prepared with L-chitosan were found to be smaller than those
of M-chitosan. The most important factor affecting the sizes of
the chitosan beads was the drying condition. The beads which
were freeze-dried were 2-3 times larger than that of beads dried
at room temperature. The drying process of chitosan beads also
affected the porosity of the beads. Drying with a freeze-dryer
resulted in more a porous and sponge-like structure of beads
(Figure 3). The pH of the TPP used for ionic gelation was another
factor affecting the pore structure of the beads. It was observed
that the beads prepared in TPP at basic pH have a more porous
surface structure.

Methods such as passive adsorption or encapsulation are uti-
lized for the formulation of low molecular weight drugs, phar-
maceutical peptides or vaccine antigens with different polymers
to improve the bioavailability (23,44-46). The characteristics of
the molecules to be formulated are considered for the selection
of the formulation method. The passive adsorption process is
simple and just involves adding the solution of the molecules
or the antigens onto the inert carriers such as microparticles
and mixing in appropriate conditions (47). In some cases, the
molecules can be adsorbed at high levels (up to 70% w/w)
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onto suitable carriers (48). However, the burst release in adsorp-
tion-loaded microparticles is usually very high and, releasing is
very fast. In the present study, it was found that the chitosan
microparticles can adsorb up to 86% of the viral antigens add-
ed in the medium depending on the conditions. It was also
found that the loading efficiency of chitosan microparticles
significantly depends on the pH of the medium. The loading
efficiency of microparticles was found to be around 20% at pH
9. The highest loading efficiency was achieved at pH 7 (Table
3). The viral antigen loading capacities of chitosan microparti-
cles prepared by encapsulation was also reasonably high (Table
4). About 80% of the viral antigens added to the medium were
entrapped in microparticles prepared with M-chitosan. The en-
trapment ratio of viral antigens in L-chitosan microparticles was
found to be 58.5%.

The viral antigens adsorbed microparticles were released
within 4 hours to 5 days depending on the chitosan type and
the pH of the loading medium (Figure 4a). The viral antigens
which were loaded onto the microparticles at pH 9 were re-
leased very quickly and reached the maximum within 4 hours.
In contrast, the viral antigens loaded onto the microparticles
at pH 5 were released very slowly and continued for up to 5-6
days. In the microparticles loaded with viral antigens at pH 7,
the release was faster than expected and reached the maxi-
mum value in 10 hours. It was concluded that the reason for
the different release profiles of microparticles loaded at pH 5
and pH 7, despite their close loading efficiency, is the increase
in the swelling capacity of the chitosan microparticles (49,50)
and changes in the charges of chitosan polymers and the viral
antigens in the low pH buffer (51). Studies into increasing the
efficacy of the vaccines have shown that the slow release of
antigens formulated in microspheres enhances antibody pro-
duction (52). Therefore, a slow, controlled release of antigen
is preferred in cases of vaccine formulations. In this study, the
viral antigens especially entrapped in the microparticles were
released very slowly (Figure 4b). A very low initial burst release
and a longer controlled release of the viral antigen from the
chitosan microparticles was observed. The viral antigen re-
lease form both L- and M-chitosan microparticles continued
for up to 30 days. Due to these properties, influenza A viral
antigen-loaded chitosan microparticles especially prepared
by entrapment are considered to be suitable for mucosal vac-
cine preparation.

The use of chitosan beads loaded with viral antigens may not
be suitable for mucosal administration in in vivo. However,
it can be considered as a model for monitoring the releasing
characteristics of viral antigens from beads in in vitro. In this
study, the chitosan beads were loaded with viral antigens with
passive adsorption such as loading of the microparticles at dif-
ferent pH. The highest loading efficiency of beads was defined
at pH 5 (Table 5). Both the loading efficiency and the loading
capacity of beads were much lower than that of microparticles.
The porous chitosan beads freeze-dried had approximately a
2 times higher loading efficiency and capacity than the beads
dried at room temperature. Moreover, the releasing of viral an-

tigens from beads occurred more rapidly. Approximately 90%
of adsorbed antigens from all types of chitosan beads released
within 8 hours.

As a conclusion, the chitosan polymers have great poten-
tial for the development of long-acting viral vaccines due to
their unique properties such as biocompatibility, non-toxicity,
bio-degradability and their immune stimulatory effects. The
loading efficiency and capacity of the chitosan microparticles
and beads for viral antigens varies depending on the type of
chitosan polymers and the conditions applied for formulations.
The results gave us useful information about the potential of
chitosan microparticles as a carrier of viral antigens, which
might be employed in in vivo studies as a mucosal vaccine.
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