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The present work investigates prospective of recombinantly expressed influenza surface protein haemag-
glutinin (HA) complexed liposomes for intranasal delivery of HBsAg. Liposomes encapsulating HBsAg
were prepared and complexed with HA. The prepared formulations were extensively characterized for
vesicle size, polydispersity index, entrapment efficiency, HA complexation efficiency, in vitro release, etc.
Stability of protein molecules was accessed by SDS-PAGE. The antigenicity of protein HBsAg was deter-
mined by EIA and the functional stability of HA was evaluated by haemagglutination assay. Subsequently,

ﬁ?’gg:ﬂ; invivo study was carried out to study their feasibility as nasal vaccine carriers. A significant and perdurable
HBsAg immune response was obtained following in vivo administration of the developed formulations that was

HA comparable with alum adsorbed HBsAg administered intramuscularly. The HA complexed liposomal for-
pH dependent fusion mulations elicited sIgA in mucosal secretions and also demonstrated cellular immune response both of
which are not induced in the case of alum adsorbed HBsAg vaccine. Further, the HA complexed liposomes
produced higher immune response as compared to plain liposomes that might be due to higher uptake of
former as evidenced in microscopy study of nasal tissues. The higher cellular response generated by HA
complexed liposomes may be possibly due to characteristic pH dependent fusion property of HA protein.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Mucosal vaccination is an attractive alternative of parenteral
vaccination as it offers a number of advantages. It augments immu-
nity in mucosal compartments which is the prime portal of entry for
the majority of pathogen (including HIV, hepatitis and influenza)
and the immunity generated in this way is also transferred to
systemic compartment. In contrast the immunity generated via
parenteral immunization cannot be transferred to mucosal sur-
faces. Further, being needle free way of immunization mucosal
route suits for mass vaccination especially in developing countries
where transmission of infection owing to the reuse of needle has
been a problem (Nossal, 2000). Success of the oral Sabine polio vac-
cine established the efficiency of mucosal route and subsequently
a number of efforts have been made to develop mucosal vaccine
against other pathogens. These include live vector based vaccines
and recombinant protein antigen or DNA based vaccines. Although
attenuated pathogens and live vectors based mucosal vaccines are
highly effective, there are safety concerns such as reversion to viru-
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lence, raising of innate and severe inflammatory immune responses
by live pathogens and in case of intranasal (i.n.) administration,
transport of the pathogen/vector to the brain (Holmgren et al.,
2003). Vaccine based on killed, whole pathogen cell are somewhat
effective but these can potentially contain toxic molecules such as
lipopolysaccharides or live pathogens (Ryan et al., 2001).
Considering these issues a significant research focuses on devel-
oping mucosal vaccine based on subunit antigen developed by
rDNA technology. Nevertheless, these antigens are poorly immuno-
genic (Neutra and Kozlowski, 2006; Ogra et al., 2001) and therefore
require mucosal adjuvant or carrier delivery system to be effective.
These include mainly cholera toxin (CT), Escherichia coil heat labile
toxin (LT), CpGODN, DNA, virosomes, liposomes, chochelates, poly-
meric microspheres, mucoadhesive polymers, immunostimulating
complexes and virus like particles (Holmgren et al., 2003; Lemoine
etal, 1998; Ryanetal.,2001; Kemble and Greenberg, 2003). Among
the available options, liposomes has gained most significant atten-
tion as a mucosal vaccine delivery system. These carriers offer
several advantages including protection of antigen during tran-
sit through mucosal surfaces and facilitate antigen uptake by M
cells (Aramaki et al., 1994). Furthermore, they are easy to prepare,
characterize and also stabilize the antigen following encapsulation.
Beside being biocompatible and biodegradable, the liposomes have


dx.doi.org/10.1016/j.ijpharm.2011.04.029
http://www.sciencedirect.com/science/journal/03785173
http://www.elsevier.com/locate/ijpharm
mailto:vyas_sp@rediffmail.com
mailto:spvyas54@gmail.com
dx.doi.org/10.1016/j.ijpharm.2011.04.029

212 S. Tiwari et al. / International Journal of Pharmaceutics 413 (2011) 211-219

proven to augment effective and durable immune response against
the associated antigen (Khatri et al., 2008).

In the context for delivery of mucosal vaccines, nasal and oral
delivery route are most extensively studied. The oral route although
being most acceptable from the view of patient compliance is asso-
ciated with low pH of stomach, higher proteolytic activity at the
GIT, requirement of large dose and these factors renders develop-
ment of oral vaccine difficult. On the other hand nasal route is more
advantageous as it is devoid of the above drawbacks. Also a lower
dose of antigen or adjuvant is required probably due to relatively
higher antigen uptake and low degradation (Holmgren et al., 2003;
Lemoine et al., 1998; Yuki and Kiyono, 2003). However, a careful
selection of adjuvant is required owing to the presence of olfactory
nerve and any accumulation of toxic adjuvant may lead to cen-
tral nervous system toxicity and pathogenic consequences such as
facial palsy (Mutsch et al., 2004). The carrier system such as lipo-
somes primarily convert a soluble antigen into particulate one and
these particulate antigen basically the mimic of pathogens which
are efficiently taken up by the cells of immune system.

In the case of mucosal vaccine development, M cells are the
primary portal of antigen sampling (Tyrer et al., 2006). These
cells exploit receptor dependent transport for bacterial and viral
pathogen. In addition dendritic cells also extend their dendrites
between the cells of intestinal epithelium and capture antigen for
presentation to the lymphocytes (Rescigno et al., 2001). Further,
the uptake of particulate material is dependent on its size (Fujii
et al., 1993) as well as surface chemistry. The most attractive motif
of the approach is pathogen mimicking molecular designing of the
carrier systems so as to make it similar to the pathogenic organ-
ism. Any of the carrier particles decorated with a molecule from
pathogenic origin (or a protein present on the surface of bacte-
ria or virus) which mediates its interaction and internalization by
mucosal surfaces is expected to enhance the interaction of carrier
with mucosal surface.

In the present investigation we have selected the recombinantly
expressed haemagglutinin protein that is present on the surface
of influenza virus. This protein mediates interactions and trans-
mucosal transport of virus with mucosal surface (Wenxin Wu and
Gillian, 2004; Lakadamyali et al., 2004). This may be attributed to
its binding affinity to sialic acid receptor present on mucosal sur-
face (Stevens et al., 2006) and cytosolic release of viral components
which is mediated by the fusion between vial and endosomal mem-
brane thereby releasing the content in cytosol (Sammalkorpi and
Lazaridis, 2007; Lakadamyali et al., 2004; Lee et al., 2006). Further,
the studies revealed that the M cells play a significant role in inter-
nalization of the influenza virus as abundant receptors for influenza
virus interaction are present on these cells (Fujimura et al., 2004;
Kumlin et al., 2008).

The present study very first time investigates the prospective of
influenza protein HA complexed liposomal constructs for intranasal
delivery of model antigen HBsAg (hepatitis B surface antigen). The
HA complexed, HBsAg loaded liposomes were prepared, character-
ized and optimized for various in vitro parameters. The structural
stability of antigen HBsAg was measured by SDS-PAGE analysis and
enzyme immunoassay. The stability and functional reactivity of HA
protein was measured by SDS-PAGE and haemagglutination assay.
In vivo immunogenicity of the vaccine following intranasal admin-
istration was evaluated by measuring systemic (IgG and cytokine
response) as well secretory (IgA) immune responses.

2. Materials and methods
The protein supplied as Baculovirus-derived recombinant

influenza haemagglutinin (rHA; HIN1 strain A/Texas/36/91)
was obtained from Protein Sciences Corporation (Meriden, CT).

Distearoylphosphotidyl choline (DSPC), cholesterol (CH) and
3-[(3-cholamidopropyl) dimethylammonio]-1-propanesulfonate
hydrate (CHAPS) were purchased from Sigma Chemical Co. (St
Louis, MO, USA). 1-(3-Dimethylaminopropyl)-3-ethyl carbodi-
imide (EDC) and N-glutarylphosphatidyl ethanolamines (NGPE)
were procured from Fluka Chemica Co. (AG CH-9470 Buchs,
Switzerland) and Avanti Polar Lipid, Inc., respectively. HBsAg
(MW 24 kDa, 1.5 mg/ml) was obtained from Shantha Biotech Ltd.
(Hyderabad, India). Enzyme linked immunoassay kit (Ausab and
Auszyme) was purchased from Abbott Laboratories, USA and
cytokines estimation kit was obtained from e-Bioscience. The FITC
conjugation kit and BCA protein estimation kit was purchased
from Genei (Banglore, India). All other chemicals and reagents
were of analytical grade.

2.1. Preparation of liposomes

Liposomes were prepared with distearoylphosphatidyl choline
(DSPC), cholesterol (CH) and NGPE by reverse phase evaporation
method as described by Sazoka and Papahadjopoulos (1978) with
slight modifications. Briefly lipids, were dissolved in 5 ml diethyl
ether to which 2 ml of aqueous phase, i.e., phosphate buffer saline
containing antigen was added and sonicated (Soniweld, India) for
2min at 4°C. The resultant mixture was placed into rotary evap-
orator (Steroglass, Italy) until thick gel was formed. Subsequently,
the dispersion was kept over a vortex mixer under nitrogen envi-
ronment in order to remove any residual ether. The obtained
suspension was pushed through polycarbonate membrane filter of
0.8 wm (Nucleopore, The Netherlands) to control size of the vesi-
cles. Finally, the unentrapped antigen from the prepared liposomes
suspension was removed by using sephadex minicolumn.

2.2. Preparation of HA complexed liposomes

The recombinant protein haemagglutinin (HA) from HIN1
strain of influenza virus was complexed onto the surface of lipo-
somes by the method described by Bogdanov et al. (1988) and
Khatri et al. (2005) with minor modifications. Briefly, 50 wl EDC
(0.25M in water) and 50 pl of sulfo-NHS were added to 500 wl of
liposomal dispersion and the mixture was incubated for 60 min.
Subsequently, the HA protein solution (in PBS buffer pH 7.4) was
added and resultant mixture (pH 7.4) was incubated for 3 h with
mixing. The unbound protein was removed by gel filtration using
sepahadex-100 mini column (Hermanson, 1996).

2.3. Characterization of liposomes

The liposomal formulations were characterized for their shape
and morphology by transmission electron microscopy (JEM-200
CX, JEOL, Tokyo, Japan). Samples for microscopy were prepared
by conventional negative staining method using 0.2% phospho-
tungstic acid. Specimens were prepared by dropping the dispersion
onto carbon-coated EM grids. The grid was held horizontally to
allow the molecular aggregates to settle and then tilted to 45°
for a while to drain the excess fluid. Afterward, drop of phospho-
tungstic acid (pH 4) was added to the grid to give a negative stain.
The grid was then kept aside for 20 s before removing excess stain
as above. Specimens were air-dried before and examined using
transmission electron microscopy (Philips Morgagni, Netherlands).
Particle size of liposomal suspension was measured by photon
correlation spectroscopy (Nano ZS 90, Malvern, UK) at 25°C by
diluting the liposomal dispersion to the appropriate volume with
PBS buffer pH 7.4. Zeta potential (an indirect measurement of sur-
face charge) of various formulations was measured using same
instrument.
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2.4. Entrapment efficiency

Prepared liposomes were separated from the free (un-
entrapped) antigen by Sephadex G-100 minicolumn using
centrifugation technique (Fry et al., 1978). The method was
repeated thrice subsequently minimum amount of Triton X-100
(0.1%, w/v) was added to disrupt the vesicles. The liberated antigen
was estimated by BCA (bicinchoninic acid) protein assay and the
percent vesicular friction of antigen entrapment was determined.
The protein content of HA complexed liposomes was determined
with the method reported by Tardi et al. (1997). Briefly, the pro-
tein content of HA anchored liposomes (a), HBsAg encapsulated
plain liposomes (b) and HA coupled placebo liposomes (without
entrapped antigen HBsAg) (c) was determined by micro BCA pro-
tein assay. The difference of two value (i.e.,, a and b) represent
the amount of HA complexed to liposomes whereas the differ-
ence between a and c represents the amount of HBsAg loaded
in HA complexed liposomes. In addition, the HBsAg content of
various liposomal formulations was also determined by enzyme
immunoassay (EIA) to confirm the amount of HBsAg loaded in var-
ious formulations.

2.5. In vitro antigen release

The in vitro antigen release profile of entrapped antigen from
different liposomal formulations was studied using dialysis bag
method as described by Tiwari et al. (2009). Accurately measured
amount of plain or HA complexed liposomal formulations were
taken into a dialysis bag (Sigma, USA of 100 kDa MWCO) and placed
in a receiving compartment containing 50 ml of PBS; pH 7.4. The
whole set was placed on a magnetic stirrer at 254 1°C. Samples
were withdrawn at predetermined time intervals and replaced
with the same volume of PBS. The withdrawn samples were assayed
for antigen content by BCA protein assay method (Banglore genei
Pvt Ltd., India).

2.6. In process stability study

The structural integrity of antigen extracted from liposomes was
detected by SDS-Poly acrylamide gel electrophoresis (SDS-PAGE)
and compared with the native HBsAg, HA and reference molecular
weight markers (Tiwari et al., 2009; Singh et al., 1997). Briefly, the
extracted antigen solution from plain liposomes, HA complexed
liposomes, native protein and molecular weight reference mark-
ers were loaded onto a 3.5% stacking gel and then subjected to
electrophoresis on 12% separation gel at 200V (Bio-Rad, USA) until
the dye band reached the bottom. Following migration the gel was
stained with Coomassie blue to reveal the protein antigen bands.

To confirm the three dimensional integrity of antigen HBsAg
as well as in vitro antigenicity of antigen EIA (enzyme immunoas-
say)was performed using EIA kit (AUSZYME Monoclonal kit, Abbott
Laboratories). The plain antigen solution and the antigen from lipo-
somal dispersion were analyzed for antigen content as described
by Shi et al. (2002). The ratio of EIA response to protein concen-
tration (measured by BCA method) was recorded as indicative of
antigenicity.

2.7. Haemagglutination assay

Several bacterial and viral proteins including haemagglutinin
are able to agglutinate human or animal RBC and bind to N-acetyl
neuraminic acid and RBCs form a lattice that may be directly
observed visually (Wu et al., 2009; Killian, 2008). In the present
investigation haemagglutination assay was performed to evaluate
the agglutination ability of HA protein. The serial dilution of lipo-
somes coupled HA protein (100 ) and the equal concentration of

Table 1
Immunization protocol to evaluate the immune response induced following admin-
istration of various formulations in BALB/c mice (n=6).

Rout of
administration

Formulation Formulation code

HBsAg in PBS (pH 7.4) PI-HBsAg IN

Alum adsorbed HBsAg Alum-HBsAg IM

Liposomes Lipo(HBsAg) IN
encapsulated HBsAg

HA complexed Lipo(HBsAg)-HA IN

liposomes
encapsulated HBsAg

IM = intramuscular, IN = intranasal.

plain HA protein in PBS buffer were incubated with equal volume
in wells of V bottom PVC plates (Tarsons, India). Chicken red blood
cells were added to the wells and incubation was continued on a
gentle rocking plate for 30 min at room temperature. Lattice for-
mation was scored visually as an evidence of haemagglutination
(Singh et al., 2004).

2.8. Fluorescence microscopy studies

To investigate the interaction of prepared liposomal formu-
lations with nasal mucosa fluorescent microscopy study was
performed as per the guidelines of institutional animal ethical
committee. Briefly, FITC labeled HBsAg (FITC-HBsAg) encapsulated
liposomes were prepared by the same procedure as described
elsewhere in text for preparing antigen loaded plain and HA com-
plexed liposomes. The labeling of HBsAg with FITC was done using
FITC labeling kit (Genei, Banglore, India) according to manufac-
turer instructions. The liposomal formulations were administered
intranasally (2 pl in each nostril) to fully awake mice. The con-
trol group received equivalent dose of FITC-HBsAg dissolved in PBS
buffer (pH 7.4). After 2 h of administration of various formulations
the mice were sacrificed by cervical dislocation and nasal mucosa
were excised, fixed and processed for microtomy. Sections of about
3 pm thickness were then observed under fluorescent microscope
(Nikon, Japan).

2.9. In vivo immunization study

In vivo immunization study was conducted to evaluate the
immunization potential of developed vaccine formulation. The
study was carried out as per the guidelines compiled by CPCSEA
(Committee for the Purpose of Control and Supervision of Exper-
iments on Animal, Ministry of Culture, Government of India). The
animals were kept under standardized conditions at the Animal
Care facility of Department of Pharmaceutical Sciences, Dr. H.S.
Gour University, Sagar, (MP), India, with food and water ad libi-
tum. BALB/c mice were used for immunization study with each
group comprising of 6 animals. To evoke an immune response 4 .l
(2 pl/nostril) of antigen in PBS and antigen loaded various liposo-
mal formulations consisting of 10 wg antigen/dose (immunization
protocol is given in Table 1) was inoculated intranasally in small
drops. Dosing was performed using sterile micropipette tip into
the nostril of the non-anesthetized animal (supine position) and
ejecting the formulation into the nasal cavity. Care was taken that
subsequent drop was only given when the former had been entirely
inspired. Alum adsorbed formulation of antigen was also admin-
istered intramuscularly contain 10 pg antigen/dose. Further, the
dose of HA in the case of Lipo(HBsAg)-HA was fixed to 5 pg of the
antigen/dose.
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2.9.1. Sample collection

Following immunization samples were collected from various
body fluids by following standard protocol. For collection of serum
sample blood was collected by retro-orbital puncture (under mild
ether anesthesia) after 2, 4, 6 and 8 weeks of primary immunization
and sera was stored at —40 °C until tested by ELISA for antibody. The
nasal, vaginal, intestinal and salivary secretions were collected after
6 weeks of primary immunization. A vaginal wash was obtained
according to the method reported by Debin et al. (2002). Briefly,
50 wl of PBS containing 1% (w/v) bovine serum albumin (1% BSA
in PBS) was introduced into the vaginal tract of non-anesthetized
mice using a Gilson pipette. These 50 .l aliquots were withdrawn
and reintroduced nine times. The nasal wash was similarly col-
lected by cannulation of the trachea of sacrificed mice. The nasal
cavity was then flushed three times with 0.5 ml of 1% BSA in PBS
(pH 7.4). Salivation was induced as described in our previous stud-
ies (Khatri et al., 2008; Mishra et al., 2010). Mice were injected with
0.2 ml sterile pilocarpine solution (10 mg/ml) intraperitoneally. The
saliva from mice was collected after 20 min using capillary tube.
Intestinal lavage was performed using the technique reported by
Elson et al. (1984). Briefly, four doses of 0.5ml lavage solution
(NaCl-25mM, NapSO04-40 mM, KCI-10 mM, NaHCO3-20mM and
polyethylene glycol Mw 350; 48.5 mM) were administered intra-
gastrically at 15 min intervals using a blunt tipped feeding needle.
Thirty minutes after the last dose of lavage solution, the mice were
given 0.2 ml pilocarpine (10 mg/ml) intraperitonially. A discharge
of intestinal contents occurred regularly over next 20 min, which
was collected carefully. These fluids were stored with 100 mM
phenylmethyl sulfonyl fluoride (PMSF) as a protease inhibitor at
—40°C until tested by ELISA for secretory antibody (sIgA) levels.

2.9.2. Determination of antibody titer by ELISA

Specific antibodies (IgG) against antigen (HBsAg and HA) were
measured by ELISA. ELISA plates (Nunc-Immune plat Fb96 Max-
isorb, India) were coated with antigen (100 ng per well) stored
overnight at 4°C and then blocked with buffer containing 5% skim
milk in 1% tris buffer saline for 2 h at room temperature. Diluted
sera were added in triplicate to antigen coated wells and incubated
for 2h at room temperature. After washing with 0.1% tween-20
in tris buffer saline (PBST), plate were incubated with horseradish
peroxidase (HRP) conjugated secondary anti-mouse antibody for
2h at room temperature. Plate was again washed with PBST and
then 100 .l of substrate solution 3,3',5,5'-tetra methyl benzidine
containing hydrogen peroxide was added to each well. Plate was
incubated in darkness at room temperature for 15 min. The reaction
was stopped by adding 50 .1 of 2 M H,SO4 to each well. Absorbance
was measured at 405 nm using micro plate ELISA reader (Bio Rad).
The end point titer was expressed as logarithm of the reciprocal
of the last dilution, which gave an optical density at 405 nm above
the optical density of negative control. Similarly the concentration
of IgA was determined in seretory fluid using HRP conjugated goat
anti-mouse IgA (Sigma, USA). Antigen-specific IgG isotype titers
in mice were determined by ELISA assay using antibody conju-
gates to specific IgG subclasses. The HRP conjugates used were goat
anti-mouse IgG1, IgG2a (Sigma, St. Louis, MO, USA).

2.9.3. Estimation of cytokine level

In vitro cytokines level in the immunized animals was deter-
mined by ELISA as described previously (Nakane etal., 1992). Briefly
the spleens were aseptically removed from euthanised animals and
a spleen cells suspension was prepared as mentioned elsewhere
(Perrie and Gregoriadis, 2000). These cell homogenates (100 ml)
obtained from the four mice of each group were plated individually
in 96-well tissue culture plates (Fisher, UK) in triplicate, along with
100 ml of RPMI 1640 (Himedia) containing soluble HBsAg at the
concentration of 2.5 mg/ml at 37 °Cin a humidified incubator at 5%

CO, environment. ELISA development kit (eBioscience) was used
to quantify, according to the manufacturer’s instructions. After 48 h
of splenocyte stimulation with the soluble antigen, the cells were
homogenized, centrifuged and the interleukin concentrations (IL-2,
IL-4, IL-6 and interferon IFN-y) in the supernatant.

2.10. Statistical analysis

Statistical analysis was performed on the data obtained in the in
vitro and in vivo studies by one-way analysis of variance (ANOVA)
with Tukey-Kramer multiple comparisons post test using Graph-
Pad InStatTM software (GraphPad Software Inc., San Diego, CA).
Throughout, the level of significance was chosen as less than 0.05
(i.e., p<0.05). The post hoc test was performed only if findings of
the ANOVA were significant.

3. Result and discussion

3.1. Preparation and characterization of liposomal vaccine
formulations

In the present investigation viral protein complexed liposomes
were used as a carrier for recombinant antigen vaccine. The lipo-
somes were prepared by reverse phase evaporation method which
is associated with high entrapment efficiency and then surface
complexed with haemagglutinin protein antigen. Liposomes were
prepared with various molar ratios of distearoyl phosphatidyl
choline (DSPC), cholesterol (CH) and NGPE. The prepared formu-
lations were optimized on the basis of size, polydispersity index,
turbidity, zeta potential, entrapment efficiency and in vitro release
(datanot shown). The optimum concentration of lipids was found to
distearoylphosphatidyl choline (DSPC), cholesterol (CH) and NGPE
was 6:3:1 molar ratio. The lipid NGPE was added to the formula-
tion for conjugation. The liposomal formulation was subsequently
conjugated with HA protein to enhance uptake by nasal mucosal
tissue. The liposomes were prepared by reverse phase evaporation
method since it is a simple and convenient method to prepare lipo-
somes and associated with good entrapment efficiency (Sazoka and
Papahadjopoulos, 1978). Further instead of phosphotidylcholine
as a main constituent for liposomes preparation, DSPC was taken
owing to its higher high gel-liquid crystalline transition tempera-
ture (T.) which accounts for its higher stability, better presentation
of antigen and the higher immunization potential (Gregoriadis
et al,, 1992; Aramaki et al., 1994; Alpar et al., 1992).

The complexation of HA on to the surface of liposomes was
done by carbodiimide coupling method. Carbodiimide involves the
activation of carboxylic acid group to give NH-activated carboxylic
group of NGPE which reacts with free amino group of the ligand
protein HA molecule (Olde-Damink et al., 1996). The method of
carbidimide coupling is fairly good method to facilitate conjuga-
tion of protein on the surface of liposomes and has been used many
times. The strategy has been reported to be mild enough to main-
tain three dimensional structural integrity as well as functional
integrity/activity of the antigenic protein molecules [e.g., gp41 epi-
tope of HIV (Singh and Bisen, 2006) HBsAg (Khatri et al., 2005) and
others (Munoza et al., 2004; Munoz et al., 1998)].

A very low polydispersity index of less than 0.2 was recorded
for all the formulations indicate narrow size distribution of vesicles
(Table 2). The encapsulation efficiency was expressed as percent-
age of antigen which was added initially for loading of vesicles.
The average vesicle size and entrapment efficiency of plain lipo-
somes was found to be 643 + 10 nm and 53.3 4+ 3.2%. Complexation
of HA protein resulted in marginal increase in size of the liposomes
(712 4+ 12 nm) that might possibly due to surface immobilization of
antigen but the entrapment efficiency was largely unaffected. Sur-
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Table 2

Characterization of various liposomal formulations.
Formulation Average vesicle size Entrapment efficiency HA conjugation efficiency Zeta potential (mV) PDI
Lipo-HBsAg 643 + 10nm 53.2 +1.2% - -31.17 £ 0.72 0.147 + 0.019
Lipo-HBsAg-HA 712 + 12nm 51.2 + 0.8% 45.6+6.9% —42.32 +£ 091 0.159 + 0.027

Mean +SD, n=4.

face morphological studies were performed in order to study the
shape of prepared systems using transmission electron microscopy
indicated that both HA complexed liposomes and plain liposomes
were almost spherical and surface was smooth. However, no signif-
icant difference in surface morphology of HA complexed and plain
liposomes was observed (Fig. 1). The zeta potential (an indirect
measurement of surface charge) is dependent upon characteris-
tics lipid used in the formulation of liposomes. In the present
investigation lipids disteryphosphatidyl choline (DSPC), choles-
terol (CH) and NGPE were used in the ratio of 6:3:1 for the
preparation of plain liposomes and shows zeta potential of the
value of —31.174+0.72 mV. This may be attributed to presence of
anionic NGPE in the liposomal formulation, thereby imparting neg-
ative charge to liposomal surface. The results were in accordance
to earlier reports (Anabousi et al., 2005). Zeta potential of lipo-
somes was found to be slightly higher for HA complexed liposomes
(Table 2) due to presence of HA molecule on the surface of lipo-
somes. The protein HA was negatively charged (pl-5.5-5.8) under
experimental condition therefore the HA complexed liposomes
showed slightly higher (more negative) zeta potential as compared

Fig. 1. Transmission electron micrographs of (A) plain liposomes and (B) HA com-
plexed liposomes.

to plain liposomes. The coupling efficiency of the protein was esti-
mated in the supernatant of the conjugation reaction mixture as
well as by preparing the HA coupled placebo liposomes analyzed
by BCA protein assay method and found to be 45.6 4+ 6.9% (Table 2).

The in vitro release profile of entrapped antigen from plain and
HA complexed liposomal formulation was studied using dialysis
bag method. In case of plain liposomal formulation antigen release
was found to be 90.23 +2.10% at the end of 144h where as in
the case of HA complexed liposomal formulations the release was
found to be 83.12 4 1.72% (Fig. 2). The result of in vitro release study
shows that the presence of protein HA on to the surface of liposomes
slows the release rate of encapsulated bioactive which possibly
occurs due to the presence of additional barrier provided by protein
on to the surface of liposomes (Rai et al., 2008).

3.2. In process stability

In the present study antigen was encapsulated in novel carri-
ers to enhance immunogenicity of antigen. It is therefore essential
that its three-dimensional structural stability should be preserved
in encapsulation process. To investigate structural stability of anti-
gens SDS-PAGE analysis was performed. A prominent band of
protein for pure as well as antigen from liposomes was detected
in SDS-PAGE (Fig. 3). From analysis it could be concluded that the
protein HBsAg and HA were not cleaved during the encapsulation
process. Further the ratio of EIA to protein concentration was deter-
mined for to confirm structural integrity of HBsAg. The HBsAg from
liposomal formulations showed an EIA/protein ratio of 0.92 +0.07
and 0.94+0.11 for Lipo(HBsAg)-HA and Lipo(HBsAg), respectively.
On the other hand plain antigen in PBS buffer shows EIA/protein
ratio of 1.0 £ 0.1. This indicates that the antigenicity of antigen was
not altered during formulation process.

3.3. Haemagglutination assay and functional reactivity of HA
protein

The haemagglutination assay was used to examine whether the
functional reactivity of HA protein was retained or not as it is the
indicative of conformational integrity of the protein (Wang et al.,
2006). A positive agglutination of RBC was observed with no signif-
icant difference between plain HA in buffer and liposomes coupled
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Fig. 2. In vitro cumulative release profile of various liposomal formulations.
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Fig. 3. Molecular characterization of antigen-(A) SDS-PAGE analysis-Lane A: pure

HBsAg; Lane B: encapsulated HBsAg in liposome; Lane C: pure HA; Lane D: HA
complexed liposomes formulation.

HA. Further, no agglutination was observed in control wells incu-
bated with buffer or plain liposomes. The binding and agglutination
capability with RBC is the characteristic of haemagglutinin protein
and even the protein is named as due this property (Killian, 2008).
On the basis of results obtained it may be postulated that the con-
firmation of the antigen had not altered during complexation onto
the liposomes.

3.4. Fluorescent microscopy study

Fluorescent microscopy was performed in order to confirm dis-
position of carrier system in the nasal associated lymphoid tissues.
The FITC labeled antigen HBsAg was used as marker. As per the
characteristic binding property of HA to mucosal surface (Wu et al.,
2004; Lakadamyali et al., 2004) the HA conjugated liposomal for-
mulation was found to adhere to the mucosal surface to a greater
extent as compared to plain liposomes (Fig. 4). Further, minimum
localization of fluorescence was observed in FITC labeled antigen in

[A]

PBS buffer. The M cells are the principal cells having highest concen-
tration of receptor for HA (Fujimura et al.,2004; Kumlin et al., 2008).
Subsequently, itis reasonable to suggest that they could be sampled
primarily via M cells and further transported to sub-mucosal layer
and this reflects their capacity to efficiently transport followed by
presentation to underlying lymphoid tissues.

3.5. Immunological response

The in vivo immunogenocity of the designed vaccine formu-
lation was evaluated by measuring systemic as well as mucosal
immune response elicited following intranasal administration and
compared with conventional liposome and plain antigen for-
mulations. Alum adsorbed formulation of antigen administered
intramuscularly was used as control for comparison purpose (pro-
tocol of immunization study has been described in Table 1).

The serum humoral immune response was measured in terms
of anti-HBsAg IgG antibody titer and measured by ELISA at definite
time intervals. The nasal administration of liposome elicited serum
antibody response that was significantly higher, the highest anti-
body titer elicited by HA complexed liposomes. However, it was less
than the response elicited by conventional alum adsorbed formula-
tiononintramuscular administration (Fig. 5). Further the maximum
antibody titer was obtained after 4 week of primary immunization
and this provides the evidence of boosting on the immune response.

Mucosal immunity plays an important role in protection against
pathogen that enters in the host via respiratory, gastrointestinal
and urogenital route. The mucosal site is equipped with the orga-
nized mass of lymphoid tissue, the specialized immune inductive
site that consists of M cells for antigen sampling, B cells, T cells,
plasma cells, professional antigen presenting cell and draining lym-
phatic vesicles that are essential for induction and maintenance of
immune response. In the case of nasal mucosal vaccine delivery
uptake of antigen by nasal associated lymphoid tissue is prerequi-
site for the induction of immune response. The humoral mucosal
immune response elicited by various liposomal formulations was
measured by estimating the secretory IgA response in mucosal flu-
ids. For the purpose nasal, vaginal and salivary secretions were
collected after 6 week of primary immunization and measured for

Fig. 4. Fluorescence micrographs of the nasal tissue of mice excised following administration of (A) control, (B) FITC-HBsAg solution; (C) FITC-HBsAg encapsulated in plain

liposomes or (D) FITC-HBsAg encapsulated in HA complexed liposomes.
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Fig. 5. Serum anti-HBsAg profile of mice immunized with different formulations.
Values are expressed as mean +S.D. (n=6). The titer obtained after administration
of various formulations comparable with titer recorded after alum-HBsAg adminis-
tered intramuscularly (p>0.05). The serum was collected after 2, 4, 6 and 8 weeks
of primary immunizations.

anti-HBsAg level by ELISA. Fig. 6 depicts s-IgA level in various secre-
tions of the body fluids and indicated that the highest mucosal
immune response (in terms of anti-HBsAg IgA) was recorded for HA
complexed liposomes (HA-Lipo-HBsAg), which was considerably
higher than that elicited by plain liposomes and antigen solution
in PBS buffer. Negligible mucosal immune response was observed
in the case of alum adsorbed antigen administered intramuscu-
larly. The results were in accordance with the previous finding that
the systemic immunity is never transferred to mucosal site, fur-
thermore the surface decoration of the carrier system with any
of the molecules that enhances its interaction with mucosal cells
(principally M cells) ultimately augments the immunization poten-
tial of the carrier (Gupta et al., 2006; Mishra et al., 2010; Shukla
et al., 2010). Further, the liposomal formulations (both plain and
HA complexed liposomes) following intranasal administration pro-
duced high level of secretory IgA in nasal, salivary and vaginal
secretions indicating successful induction of mucosal immunity in
all mucosal compartment. This occurs because common mucosal
immune system immunization at one mucosal inductive site leads
to immunity generation at distal mucosal effector site (Kutteh
et al,, 2001; Crowley-Nowick et al.,, 1997; Hamann et al., 1994).
The results indicate that HA complexed liposomes induces both
systemic and mucosal humoral immune response.

3.6. Cytokine response

Previous work on influenza virus and HA protein revealed that
the HA protein on the surface of virus causes fusion of virus

4 -OPBS-HBsAg B Alum -HBsAg OLipo(HBsAg) BLipo(HBsAg)-HA
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Fig. 6. sIgA level in mucosal secretions after intranasal immunization with HBsAg
encapsulating liposomal formulations. The salivary, intestinal and vaginal secre-
tions were collected after six week of first immunization. The differences in the
antibody level was significant (p <0.05) among Lipo(HBsAg), Lipo(HBsAg)-HA and
Alum-HBsAg.
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Fig. 7. Interferon-y and interleukin (IL-2, IL-4, IL-6) levels in the spleen of mice
immunized with various formulations. Values are expressed as mean+S.D. (n=3).
The HA complexed liposomal formulations showed significant differences from
alum-HBsAg and plain liposomal HBsAg.

envelop with endosomal membrane that ultimately release the
encapsulated content (i.e., genetic material of virus) in cytosole
(Sammalkorpi and Lazaridis, 2007; Lakadamyali et al., 2004; Lee
et al.,, 2006). Therefore, the surface immobilization of the HA on to
the surface of lipid membrane of liposomes is expected to mimic
the same intracellular pathway as the virus does.

Further, subsequent to internalization of antigen carrier sys-
tem by APC (via the process of endocytosis or phagocytosis) it is
the characteristics of carrier system (or any constituent of car-
rier system) that ultimately decides the fate of immune response
generated. The processing of carrier system via endocytic path-
way ultimately leads to generation of antigen specific humoral
immunity that helps in elimination of extracellular pathogens.
Alternatively, processing of antigen by cytosolic pathway could be
possible by the release of endosomal content into the cytosole by
means of a pH sensitive fusogenic moiety. This ultimately leads to
stimulation of cytotoxic T cells, i.e., cell mediated immunity which
helps in elimination of intracellular pathogen. Being intracellular
pathogen cell mediated immunity is the prime requirement for
elimination of hepatitis B virus.

The presence and concentration of cytokines gives indirect evi-
dence that which kind of immunity is primarily involved in the
immune response generation. Indeed, the Th1 based cytokines IL-2
and IFN-vy are evidence of strong cell mediated immunity and Th-
2 based cytokines, i.e., IL-4 and IL-6 are evidence of high level of
humoral immunity. The cytokine response elicited by various lipo-
somal formulations is given in Fig. 7. The data clearly depicts that
the CMI response was dominated in the case of HA complexed lipo-
somal formulation as it produced highest level of IL-2 and IFN-vy
which is significantly higher than that elicited by other formula-
tions (i.e., plain liposomes and alum adsorbed antigen formulation).
On the other hand alum adsorbed formulation elicited highest level
of IL-4 and IL-6 indicative of humoral response. The result confirms



218 S. Tiwari et al. / International Journal of Pharmaceutics 413 (2011) 211-219

the earlier findings that the alum is basically Th-2 based adjuvant
and cannot elicit CMI (Tiwari et al., 2009), whereas incorporation of
pH sensitive fusogenic molecule within the liposomal constituent
enhances the level of cell mediated immunity against the antigen
owing to cytosolic release of encapsulated content (Khatri et al.,
2008).

4. Conclusion

It is clear from the results that recombinant haemagglutinin
protein can be successfully complexed onto the surface of lipo-
somes. The study demonstrates that significant binding to mucosal
M cells followed by production of mucosal (locally and in dis-
tal mucosal site) as well as systemic immune (both humoral and
cellular) response can be achieved with HA complexed liposomal
formulation. The complexation of viral protein HA on to the surface
of liposomes thus seems to be a prospective approach for develop-
ment of recombinant antigen based liposomal mucosal vaccines.
It may have potential to be employed for drug delivery and gene
therapy via mucosal route. The intracellular localization as well as
the FACS analysis revealing effect of cellular uptake on HA com-
plexation on the liposomes and the immunogenicity of the surface
immobilized protein are under study.
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