ISSN: 0975 4415

Peer Review

Drug Delivery Journal

Technology

B Volume 5, Issue 2; April 2015 - June 2015

1. Hydrated Polymer System as Efficient Carrier for The Delivery of Drugs Against Viral Infections
Cinu Jacob, Ramya Devi D, Vedha Hari B W

— |

2. Physical Characterization and In Vivo Study of Ovalbumin Encapsulated In Alginate Microspheres
Harnyadi, D.M., Purwanti, T, Kusumawati, I, Mirmala, RN, Maindra, H.M.C.

— |

3. Evaluation of Biocompatibility of Capsaicin-Loaded Dendrimers on Zebrafish Embryos
Carlin Geor Malar, Bavanilathamuthiah

— |

4, Efficient Loading of cisplatin into Superabsorbent Polymer Microsphere in the treatment of hepatocellular
carcinoma

Kenji Ikeda, Masahiro Kobayashi, Yusuke Kawamura, Taito Fukushima, Yushi Sonin, Hideo Kunimoto, Tetsuva Hosaka,
Satoshi Saitoh, Hitomi Sezaki, Morio Akuta, Fumitaka Suzuki, Yoshiyuks Suzuk, Yasuir Arase, Hiromitsu Kumada

o |

5. A Mew Approach for Polymer-free Coating with Paclitaxel Microparticles on Fully-bioabsorbable Poly( -lactic
acid) Stent and Studies of Drug Release Behavior
Hirakazu Yamada, Mitsuhiko Kinoshita, Shinichi Yagi, Chisa Matsubara, Keiji Igaki, Hideki Yamane

p— |

6. Determination of Articaine in Human Blood by Gas and Liquid Chromatography and its Application in a
Preliminary Pharmacokinetic Study
Manda. CV, Popescu. 5.M, Baniceru b

= |




EDITOR IN CHIEF

Prof. Dina Math Mishra
Professor and Head of Fharmaceutics, Department of Pharmaceutical Sciences,
Guru Jambheshwar University of Science and Technology, INDIA

Board Members

Dr. Somnath Singh
Creighton University,Omaha, USA

Dr. Tathagata Dutta
University of Queensland, Brisbane, AUSTRALIA

Dr. Ashish Suttee
Lovely Professional University, Phagwara, INDIA

Dr. Kalpesh Gaur
Geetanjali College of Pharmaceutical Studies, Udaipur, INDILA

Dr_Vishal Gupta
Director, Research & Developement Covidien, USA

Dr. Chandan M. Thomas
Department of Pharmaceutical Sciences, Lake Erie College of Osteopathic Medicine and School of Pharmacy 5000
Lakewood Ranch Blvd, Bradenton, Florida-34211

Prof. Kamla Pathak
Rajiv Academy of Pharmacy, Mathura, INDIA

Prof. V. R. Sinha
Panjab University, Chandigarh, INDLA

Prof. Pramil Tiwari
Mational Institute of Pharamceutical Education and Research (MIPER], hMohali, IMNDIA

Prof. Arun MNanda
Faculty of Pharm. Sciences, Maharshi Dayananad. University, Rohtak, INDIA

Prof. O.P.Katare
Panjab University, Chandigarh, IND1A

Dr. Amit Bhatia
Lovely Professional University, Punjab, INDLA

Dr. Anil Philip
Rajiv Academy Academy of Pharamacy, Mathura, INDIA

Dr. Dinesh Kaushik
Hindu College of Pharamcy, Sonepat, INDIA.

Dr. Munish Ahuja
Dept. of Pharm. Sciences, Guru Jambheshwar University of Science and Technology, Hisar, INDIA

Dr. Sanju Manda
Dept of Pharm. Sciences, M.D.University, Rohtak, INDIA

Dr. Rakesh P Patel
5.K. Patel College of Pharm. Edu. & Res., Ganpat University, Gujarat, INDIA.

Dr. Bhaskar Mazumder
Dept. of Pharmaceutical Sciences, Dibrugarh University, Dibrugarh, Assam, INDILA

Dr. Kalpana Magpal
Apeejay Satya University, Sohna, Gurgaon, Haryana, INDIA



gi; Scopus Praview Author search  Sources ® m

Source details Feedback > Compares

International Journal of Drug Delivery Technology 8‘3“"1” ®

Scopus coverage years: from 2011 to 2012, from 2014 to 2020

Publisher: International Journal of Drug Delivery Technology

ISSN: 09754415 3“{'{; @
Subject area: (FPhamacdogy, Tewicology and Mamaceutia: Pharmaceutical Scence ) !

Source type:  Journal

SNIP 2019 @

R — 0.127

International Journal of Drug Delivery Technology

COUNTRY SUBJECT AREA AND CATEGORY PUBLISHER H-INDEX
Australia Pharmacology, Toxicology and International Journal of Drug
Pharmaceutics Delivery Technology

L Pharmaceutical Science

PUBLICATION TYPE ISSN COVERAGE INFORMATION

Journals 09754415 2011-2012, 2014-2019 Homepage
How to publish in this journal

\|ddtjournai@gmail. com

International Journal of Drug Delivery Technology (IJODT) provides the forum for reporting innovations, production methods, technologies, initiatives and
the application of scientific knowledge to the aspects of pharmaceutics, including controlled drug release systems, drug targeting etc. in the form of
expert forums, reviews, full research papers, and short communications.

Iz 203 04 s 06 2m7 e Ime



®s®
024
018
012

0.0%

2012 2073 2004 2006 2006 2017 2076 2019

® External Cites por Doc - @ Cites per Doc N
ce
53
0
20Mm 2013 2015 2m7 2019

© Chable documents @ Nonctable documents Y

100

a0n7 2018

® Total Ctes @ Self-Cites R &

40

20

L] == //\
2011 2012 2093 2014 2015 2016 2017 2018 2019

©  international Collaboeation L

an

20

2017 2072 2013 2014 2015 2016 2077 2098 2019

© Cied documents @ Uncited docurments L

100

wom 2013 2015 w17 s

Citstions per docurment

| %
&l

06

02

am 2013 2015 a7 09

& Cites / Doc. (4 years)
@ Cites / Doc. (3 years)
@ Cites / Doc. {2 yearn}

Orug Detivery Technology your own website
Parmeceitics
Soene Just copy the code below
NUTEINS o:::amwminyowmnl
| B
on <a heaf"https:/ fweewsc

Dered by SCMmegon Lom



Available online on www.ijddt.com
International Journal of Drug Delivery Technology 2015; 5(2); 48-53

ISSN: 0975-4415
Research Article

Physical Characterization and In Vivo Study of Ovalbumin
Encapsulated in Alginate Microspheres

Hariyadi, D.M.Y", Purwanti, T.}, Kusumawati, 1.2, Nirmala, R.N., Maindra, H.M.C.!

!Pharmaceutics Department, Faculty of Pharmacy, Airlangga University, JI. Dharmawangsa Dalam, Surabaya 60282,
Indonesia
2Pharmacognosy and Phytochemical Department, Faculty of Pharmacy, Airlangga University, JI. Dharmawangsa
Dalam, Surabaya 60282, Indonesia

Available Online: 14" February, 2015

ABSTRACT

Microspheres as drug delivery systems have been used widely for oral delivery in the pharmaceuticals formulation.
Alginates have received much attention as biodegradable polymer for controlled protein delivery. Ovalbumin was used as
model antigen. The aim of the present research was to evaluate physical characteristics of unlyophilized and lyophilized
ovalbumin-loaded alginate microspheres produced using aerosolisation technique. Crosslinking agent of BaCl, and CaCl;
were studied. Physical characteristics of ovalbumin-loaded alginate microspheres were evaluated in terms of
encapsulation efficiency, yield, particle size, surface morphology and protein integrity. In vivo immune response was
studied using hemagglutination test by measuring antibody titre. High entrapment efficiency of unlyophilized ovalbumin-
loaded alginate microspheres using crosslinker BaCl, and CaCl; of above 80% and loading of above 65% was produced.
Entrapment efficiency of lyophilized ovalbumin-loaded alginate microspheres using 10% lactose lyoprotectant and
maltodextrin were 46% and 54% respectively. For protein loading, ovalbumin-loaded alginate microspheres lyophilized
using lactose was 28% and using maltodextrin was around 35% respectively. The microspheres size of less than 8um of
all formulas using BaCl, and CaCl, both lyophilized and unlyophilized were spherical in shapes and formed smooth
surface. Ovalbumin maintained its integrity after release from alginate microspheres showing ovalbumin’s 45 kDa
molecular weight indicated its stability has been protected by this delivery system after exposure to acid condition. In
vivo immune response by hemaglutination test of lyophilized ovalbumin-loaded alginate microspheres with CaCl,
crosslinker consist of 10% lactose or 10% maltodextrin and unlyophilized microspheres using CaCl; crosslinker showed
higher antibody titres than ovalbumin control and blank microspheres. Whereas, unlyophilized ovalbumin-alginate
microspheres using Ba?* crosslinking agent resulted antibody titre as low as control and blank microspheres. However,
No significant effect of immune response was found between microspheres lyophilized with lactose and maltodextrin. In
conclusion, ovalbumin-loaded alginate microspheres crosslinked using CaCl; are potential as oral delivery systems and
results indicated that lyoprotectants were involved in protecting ovalbumin entrapped in alginate microspheres therefore
able to deliver antigen to the target site in order to induce antibody response.

Keywords: alginate, microspheres, ovalbumin, integrity, hemaglutination, immune response.

INTRODUCTION

The rapid development of biotechnology, peptide and
protein drug substance has been increasingly used for
therapeutic. Peptide and protein drug substance has
several drawbacks, such as low stability, easy and fast to
deactivation, the short half-life, and the difficulty
absorbed when given orally. Currently, almost all of
protein drugs administered through the parenteral route.
This is what causes the patient discomfort and the price is
expensive. Many studies were conducted to find a way
out to overcome this problem®. A major obstacle if the
vaccine is given orally is the instability and degradation
of the antigen?. This degradation is due to a protein
antigen that is very easy denatured by stomach acid. The
target of antigen uptake is in the Peyer's patches in the
small intestine. Peyer's patches is the only place in the

gastrointestinal tract which will absorb the antigen or
pathogen to be brought to the lymphoid tissue (Gut
Associated Lymphoid Tissue). If the antigen is denatured
in the stomach, then there will be no antigen to the target
so that the immunological response does not appear. One
way to avoid denaturation of the protein is to use
microspheres of oral delivery systems. Microspheres
commonly contain an active ingredient or core material
surrounded by a protective layer®. Antigen delivery to the
carrier in the form of microspheres can prevent
degradation by the stomach and stimulates the M-cell to
bring vaccine into the core Peyer's patches. M-cell is a
cell that can detect the presence of stimulation on payer's
patches and carry substances adsorbed on the surface of
the core to the payer's patches®. Not all ingredients are
absorbed on the surface of the payer's patches can be
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Table 1. Formulas of ovalbumin-loaded alginate
microspheres

Formula F1 F2 F3 F4
Ovalbumin 2,5% \Y \Y/ \Y/ \Y/
Alginate 2,5% \ \% \% \
CaCl; \Y/ \ - \/
BaCl, - - AV -
Lactose - \Y - -

Maltodextrin - - \V

F1: Formula Microsphere Ca-Alginate; F2: Formula
Microsphere -lyoprotectant lactose 10%

F3: Formula Microsphere Ba-Alginate; F4: Formula
Microsphere -lyoprotectant maltodextrin 10%

Table 2. Efficiency encapsulation and protein loading
of ovalbumin-loaded alginate microspheres

Formula Encapsulation Protein loading
Efficiency (%) (%)

F1 82,62 + 6,81 86,59 + 6,81

F2 46,29 + 6,81 28,07 £ 6,58

F3 80,47 £9,52 66,86 + 10,36

F4 54,15 + 8,82 35,47 £1,60

Table 3. Particle size of Ovalbumin-loaded alginate
microspheres
Formula

Mean size of particle

(Hm)
Blank Alginate 4,69 um
Microspheres
F1 7,52 pm
F2 5,84 um
F3 6,82 um
F4 4,97 pm

carried by the M-cells but only materials that can
penetrate the intestinal lumen as soluble proteins,
antigens, bacteria, and viruses®. After arriving at the core
of the Peyer's patches, these microspheres will rupture
and release the antigen carries®. Ovalbumin is a protein
consisting of 385 amino acid residues’. Ovalbumin as an
antigen to stimulate the formation of antibodies, but a
poor immunogenic therefore ovalbumin is usually used
with repeated administration®. Repeated administration of
the patient causing discomfort, then ovalbumin
formulated in preparation with controlled release or
delayed®. Microencapsulation materials contain one or
more drugs covered by the coating. The core may
comprise a core material inside and covered by a coating
on the walls. Microencapsulation generally has particle
size of between 1-2000um?°. Polymers commonly used as
a coating material in microencapsulated. Biodegradable
polymers have demonstrated a high potential to deliver
peptides and proteins via the oral route!’. Alginate is a
biodegradable polymer. Sodium alginate is a natural
polymer that has good biocompatibility, does not
accumulate in the organs of the body, non-toxic,
biocompatible, and relatively inexpensive. Alginate can
bind selectively with a solution that is generally in the
form of a cross junction of multivalent cations (eg Ca?*,

Ba?*) and virtually unaffected by temperaturell. In
general, Ca?* is most often used to form a gel, because
Ca* has a low toxicity, the concentration of Ca?* has a
significant effect on the stability and pore size of the
gel*2. In addition, ovalbumin-alginate microspheres can
be formed successfully from the crosslink BaCl; solution
that produces high encapsulation efficiency and small
particles!®. The number and size of the cation valence
compounds determine the continued cross-dimensional
shape of the polymer formed. Moreover, differences in
the type of cation are also one of the factors determining
the selectivity to M cells®.

Fig. 1. Photographs of freeze-dried ovalbumin loaded
alginate microspheres A: maltodextrin as lyoprotectant;
B: lactose as lyoprotectant

The encapsulation method used in this study, namely
ionotropic gelation, is able to maintain the integrity of the
protein. The entire polyelectrolyte used water soluble so
that the protein is able to be encapsulated without the use
of organic solvents that can destroy the protein. This
method is simple, fast, and relatively inexpensive!.

To further enhance the stability of the protein, ovalbumin
is formulated in dry form in oral microspheres
formulations. In this study, freeze drying is used as an
alternative to drying without heat that can denature
proteins and can damage its integrity. In the freeze-drying
method generally under pressure varies during freezing
and drying processes that require protectant to protect the
physical integrity of microparticles formed. Sugar is
known to stabilize proteins during the process of freeze
drying®®. Sugar was able to create a physical barrier
between the particles and molecules and reduce diffusion
and molecular mobility and can prevent protein
aggregation and degradation. During the drying process,
the sugar water molecules occupy the hydrogen bonding
interactions with protein molecules and helps protect the
integrity®®. Therefore, when the lyophilized microspheres
and solid when dry, the microspheres plus lyoprotectant,
will remain stable because the integrity of the physical
form remains sphere, so that the components inside
remain intact!>. Maltodextrin is considered as a potential
Iyoprotectant in lyophilized proteins'’. Use lyoprotectant
generally 5% to 10% for lactose’® as well as for
maltodextrin®’.
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Fig. 2. Morphology of wet microspheres: F2, F3 and F4 at 400x magnification

Fig. 3. Scanning Electron Microscope (SEM) of freeze-dried microspheres of formula F3 and F4

In the in vivo study, hemagglutination test is very
important to determine the process of formation of
antibodies after antigen enters the body, to ascertain
whether the antigen can be delivered well and is able to
stimulate the proliferation of T-cells and B-cells'®. If the
antigen successfully delivered, it will be detected in
serum anti-OVA IgG through agglutination test.
Agglutination test is one technique that is often used to
determine the bond between the Ag-Ab in the serum?.
One of the requirements of this technique is to be in the
form of particles or antigen-soluble substances, so as to
form a clot when bound to antibody. There are two
development agglutination test techniques are widely
used, namely the indirect hemagglutination and
hemagglutination. In hemagglutination, antigen attached
to a carrier in the form of erythrocytes. While indirect
hemagglutination reacting serum with specific antibodies
and then newly added antigen to be checked?!. Therefore,
hemagglutination test is absolutely necessary to prove
that the formulation of ovalbumin microspheres prepared
to respond immune and whether microspheres delivery is
effectively deliver vaccine orally.

This study aims to study the effect of different types of
lyoprotectant (lactose and maltodextrin) to the physical

characteristics of the microspheres (microspheres size and
morphology, encapsulation efficiency and protein loading
and protein integrity) and also to study in vivo immune
response of ovalbumin-loaded alginate microspheres.

MATERIALS AND METHODS

Materials

Ovalbumin and Sodium alginate (Sigma Aldrich), CaCl,,
Lactose and Sodium citrate (Bratachem Chemicals) BaCl,
(Merck), protein quantification kit Sigma; maltodextrin
p.g, phospate buffer saline pH 7.2, Na EDTA, aquadest,
red gout blood cell, and mus musculus strain Balb C from
Pusat Veterenaria Farma (PUSVETMA) Surabaya.
Methods

Preparation of Ovalbumin-loaded Alginate microspheres
using aerosolisation technique

Sodium alginate (2.5%) was dissolved in 100 mL of
distilled water and ovalbumin (2.5%) was dissolved in it.
This solution was then sprayed into 200 mL of 1.5 M
CaCl, or BaCl, solution with a constant speed at a
distance of 8 cm from the surface of the solution, and a
pressure of 40 psi. The mixture was stirred at 1000 rpm
for 2 hours to complete the crosslink reaction.
Microspheres formed were collected and then separated

IJDDT, Volume 5, Issue 2, April 2015- June 2015, 48-53

PageSO



Hariyadi et.al. / Physical Characterization and In vivo...

3

2.5
b 2
=
U
= 1.5
"]
=l
~ 1

0.5

0 ||
6-\\0 G“Q": \'b’\ae‘c’ 'b’lr’-:e‘ \';a\e’&, N bf:\é\
3 o S 0 S D
» B &R «ﬁ'b(’ &R ¥
4 o 00 ) o0 o
O & & ‘5&@ pX % 3
& \l_é* @@‘ @ Ji‘ &
o & - R 8 o
N & o o2 &
& ) & & & e
8 W ) o
¥ xi‘ & &
Gb %% %‘b N
hs,a‘r %@\
Q 's.é.\
Group ot

Fig. 4. Hemaglutination titre showing I1gG level

by centrifugation at 2,500 rpm for 6 min and washed with
distilled water twice. Microspheres resuspended in
lyoprotectant solution (1g/10mL) with concentration
according to the formula. The suspension was dried by
freeze dryer at -80 °C for 29 hours. Formulas of
microspheres can be seen in Table 1.

Encapsulation efficiency and protein loadings

The ratio of the actual ovalbumin content in the protein-
loaded microspheres to the theoretical ovalbumin content
was termed encapsulation efficiency. For protein
loadings, accurately 50 mL of sodium citrate pH 8.5 was
added in 400 grams of microspheres and was
continuously stirred at 1000rpm for 12 hours. The
absorbance of ovalbumin was measured using UV Vis
Spectrophotometry using protein quantification kit sigma
at maximum wavelength of ovalbumin.

Optical Microscope and Scanning Electron Microscope
(SEM) study

The morphology of hydrated ovalbumin-loaded alginate
microspheres were evaluated using optical microscope,
while freeze-dried microsphere was observed after freeze-
drying by scanning electron microscope. For SEM
analysis, The working distance was 10 mm, beam energy
was 20.0 kV, spot size was 5.0, and magnification was
5000. The microspheres were loaded on a double sided
carbon tape put on studs before being examined by SEM.
In vivo study

Animals in vivo study has been approved by ethics
committee and met national ethic standard by Faculty of
Veterinary Airlangga University. Mice were given orally
ovalbumin-loaded alginate microspheres or control for 5
days for all groups of mice. At day 7, animals were
injected intraperitonially using gout red blood cell
suspension. At day 17, bloods were taken intracardially
and were analyzed for the serum or supernatan after

centrifugation. Hemagglutination study was conducted to
analyze imune response by measuring 1gG titres.

RESULTS AND DISCUSSION

Ovalbumin-loaded alginate microspheres crosslinked
using BaCl, and CaCl, were successfully produced using
ionotropic gelation aerosolisation technique. The addition
of lyoprotectants also used in this research in order to
prevent denaturation and increase stability of
microspheres. Furthermore, evaluation of different type
of lyoprotectants was compared.

The encapsulation efficiency and ovalbumin loading
results can be seen in Table 2. Formulas with no
lyoprotectants added (F1 and F3) showed the highest
encapsulation efficiency and protein loading at above
80% similar to previous alginate microspheres®s,
However, size and morphology of unlyophilized
ovalbumin-loaded alginate microspheres was bigger and
less smoother compared to lyophilized microspheres.

In terms of formulas using lyoprotectants, F4 produced
higher protein encapsulation (54%) and protein loading at
about 36% than formulas using 10% lactose (F2) which
resulted less encapsulation efficiency and lower loading.
This indicated that maltodextrin is a potential
Iyoprotectants in agreement with other researcher®’.

The microspheres sizes of all formulas were found less
than 8 pm (Table 3). The results showed that the
incorporation of lactose and maltodextrin as lyoprotectants
improved functional properties, due to the better physical
characteristics of the ovalbumin-loaded alginate
microspheres at concentration 10% w/v at —80 °C freeze
drying condition. This indicated by smaller microspheres
were formed at F2 and F4.

The addition of lyoprotectant prior to lyophilisation
resulted in a homogenous powder in regard to the blank
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(Figure 1). For wet microspheres, nearly smooth particles
were formed (Figure 2). As expected, hydrogel alginate
microspheres obtained with maltodextrin and lactose
yielded homogeneous and spherical microspheres during
optical microscopy examination (Figure 3).

The SEM micrographs revealed the formation of smooth,
small and spherical microspheres with maltodextrin
incorporation  (Figure 3). The incorporation of
maltodextrin might lead to a product with more uniform,
smaller and homogeneous pore structures. This fact was
in agreement with other authors who indicated that
saccharides lyoprotectant stabilized bovine plasma
protein. Furthermore, the microspheres size was found to
be less than 8um using optical microscopy and SEM
examination.

Possible mechanism of maltodextrin in stabilizes
ovalbumin loaded alginate microspheres maybe hydrogen
bonding between sugar or alcohol sugar and protein as an
important factor during freeze drying. Moreover, the
existence of maltodextrin as stabilizer avoided aggregation
of particles; therefore smaller microspheres were
produced?,

Integrity structure by SDS PAGE analysis

Ovalbumin was found to be maintained its integrity
structure by SDS PAGE analysis. The molecular weight
of 45kDa was confirmed when compared to protein
standard marker. From literature, molecular weight of
ovalbumin was also 45 kDa®. The integrity of
ovalbumin-loaded alginate microspheres were maintained
after incubation in acid pH followed by in pH 7.4 after 8
hours.

In vivo immune response study

In vivo hemaglutination study showed that unlyophilized
ovalbumin-alginate microspheres using Ba?* crosslinking
agent resulted antibody titre as low as control and blank
microspheres  (Figure 4). Whereas, lyophilized
ovalbumin-loaded alginate microspheres with CaCl,
crosslinker consist of 10% lactose or 10% maltodextrin
and unlyophilized microspheres using CaCl, crosslinker
showed higher antibody titres than ovalbumin control and
blank microspheres. However, No significant effect of
immune response showing by IgG titre level was found
between microspheres lyophilized with lactose and
maltodextrin.

Ba-alginate microspheres formed two dimensional
structures with less empty space provided, this due to
smaller size of Ba?* of around 1.74A°, bigger than Ca?* at
about 1.14A°. Differences of affinity between Ba?* and
Ca?* was also caused the amount of antigen in the M
cells, therefore agglutination titre of Ba-alginate
microspheres was lower than Ca-alginate microspheres.
Lyophilized alginate microspheres showed the highest
titre, this indicated that ovalbumin antigen has arrived at
the target site and ovalbumin microspheres was able to
across the GI tract barrier in peyer patches produced
immune response. O’Hagan (2006) found that vaccine
delivery using microparticles was able to enhance high
immune response in animal. Results of this research
demonstrated the potential of the freeze-dried ovalbumin-
alginate microspheres for oral vaccine delivery system.

CONCLUSION

High encapsulation efficiency and loading were produced
successfully by aerosolisation technique of alginate
polymer and CaCl; crosslinking agent. Small, smooth and
spherical microspheres were also confirmed on the
freeze-dried microspheres using 10% maltodextrin.
Maltodextrin at concentration 10% were found to be
better lyoprotectant agent on the ovalbumin-loaded
alginate microspheres than 10% lactose in terms of
efficiency, protein loading, size and morphology.
However, no significant effect of in vivo IgG titre of
ovalbumin-loaded alginate microspheres produced using
addition of 10% maltodextrin and lactose lyoprotectant.
This indicated that the freeze-dried ovalbumin-alginate
microspheres are potential for oral vaccine delivery
system.
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