Trade Science Inc.

ISSN : 0974 - 7494 Volume 5 Issue 1

Nano Science and Nano Technology

A Tndéian Journal

—= U] Peper

NSNTAIJ, 5(1), 2011 [59-62]

Alginate coated chitosan nanoparticles as potential oral vaccine

carriers. Synthesis and in-vitro characterization

Neeraj Khullar*, Shatakshee Chatterjee

Department of Biotechnology, Panjab Univer sity, Chandigarh - 160014, (INDIA)
E-mail : n_khullar @yahoo.com; shatakshee c@yahoo.co.in
Received: 31% August, 2010 ; Accepted: 10" September, 2010

ABSTRACT

One of the recent areas of research in the field of healthcare has been to
explore stable carrier systems for sustained and controlled release of anti-
gensto achieve enhanced immune responsein an oral vaccine. We synthe-
sized alginate coated chitosan nanoparticles (NPs) based on the principle
of electrostatic interactions, exploiting the respective cationic and anionic
properties of these biopolymers. The particleswere characterized for their
size, zetapotential and polydispersity index and later observed under SEM
and TEM. Bovine serum albumin (BSA) was chosen asamodel antigen for
entrapment. Physiological conditions were simulated to carry out in vitro
experimentsin order to establish the efficacy of alginate coating on chitosan
nanoparticles. Based on the entrapment efficiency of the NPs, the release
study of BSA for a span of 48 hours was also noted. Nanoparticles stored
at 4°C over six weeks were evaluated for their stability.
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INTRODUCTION

Adminigtering vaccinesorally isthemost preferred
modeof vaccination to combat microbid infectionsthat
invade the human body and manifest through the gas-
trointestingd tract. Formulating effective oral vaccines
hasbeen aconstant endeavour in thefield of vaccine
development against awidearray of bacteria andvira
infectionssuchaspolio virus, rotavirusand choleratox-
ind*3, A significant immuneresponse against thesein-
fectionsisélicited through themucosa membraneswith
the generation of secretory IgAP. Itisdesired that the
antigens persist inthebody long enoughto dlow their
optimuminteraction at thesemucosd Stes. Antigendeg-

radation caused by acidinduced hydrolysisdueto the
low pH of stomach must be prevented for enhanced
vaccine stability, hence perpetuati ng the need for suit-
ablecarrier systemd”. Liposomes, microparticles, and
nanoparticles (NPs), have beenidentified aspotentia
and emerging carriersfor vaccines?. Inadditiontoim-
parting protection to the entrapped antigen, thereported
featuresof nanoparticlesdsoincluded ow and sustained
rel ease of the antigen™. The biopolymerschitosan and
sodium alginate have been studied for their properties
of biodegradability, non toxicity and mucoadhesi-
veness®. Hence in our study, we have synthesized
nanoparticleswith these and used them for entrapment
of Bovineserum abumin asamodel antigen. Prelimi-
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nary studies for the characterization of these
nanoparticleswere conducted and aninvitroanalysis
of thesenanoparticlesaspotentia oral vaccinecarriers
wasalso carried out.

EXPERIMENTAL SECTION

Synthesisof chitosan/ BSA/alginatenanoparticles

Aqueoussol ution of Sodium Tripolyphosphatewas
added dropwiseto the chitosan solution preparedin
1% (v/v) acetic acid containing BSA (1mg/ml) and
polysorbate 80 as the surfactant’®. Thiswas subjected
to magnetic stirring at room temperaturefor 1.5 hours.
Aqueous solution of sodium alginate wasthen added
dropwiseto enabl e coating of the NPs. Theresultant
samplewas purified by repeated high speed centrifu-
gation (Hitachi CT15E) and ultrasonicated (Sonicsvibra
cell). The nanoparticles were lyophilized (Delvac
Lyodel) and stored for long term usage.

Particlesize, Pdl and zeta potential measurements

All thenanoparticleformulaionswereeva uated for
their mean particle size, particle sizedistribution and
zetapotentia using azetasizer (Maverninstruments).
Thetestswere conducted at National Institute of Phar-
maceutical Education and Research (NIPER), Mohdli,
India

SEM analysisof nanoparticles

Thelyophilized sampleof chitosan nanopartideswas
analyzed under ascanning €l ectron microscope (JSM
6100, JEOL) for itsmorphologica characterization. The
samplesweresputtered with gold and ensured for com-
plete dryness before observation.
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Figurel:[A] SEM of chitosan nanoparticles[B] TEM of alginatecoated chitosan nanoparticles

TEM analysisof nanoparticles

Sampleof thed ginate coated chitosan nanoparticles
intheliquid state was analyzed under atransmission
el ectron microscope (Hitachi H-7500, 120 kV) to vi-
sudly verify thepresence of thea ginate coating onthe
chitosan nanoparticles.

Acid degradation test

To compare the stability of alginate coated
nanoparticleswith non coated nanoparticles, an acid
degradation test (0.01 M HCI, pH 2.0) was performed
to notethe extent of BSA degradation occurringinesch
case. Thesampleswereincubated for two hoursinthe
acidic mediumfollowed by sustained releasein PBS
(pH 7.4) for 48 hours. Theintegrity of the bandswas
checked on 15% SDS-PAGE.

BSA releasein PBS

The pellet obtained on centrifugation of the
nanoparticleformulationswas used to sudy theinvitro
release of BSA upto 48 hoursin Phosphate Buffer Sa-
line (pH 7.4) at 37°C. Protein estimation was done us-
ing Bradford’s reagent!™ and the absorbancewas mee-
sured at 595 nm (Jenway 6305 spectrophotometer).

SKability tests

Non lyophilized nanoparticleswere stored at 4°C
for amaximum of six weeks. Thesewereeva uated at
threeweeksand six weeksfor their mean particlesize
and polydispersity index, to check particlestability.

RESULTSAND DISCUSSION

Presence of alginate coat on thenanoparticles
Surfacemodification of thechitosan nanoparticles™®
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with d ginate duethe e ectrotatic interaction between -
NH,_"of chitosan and negatively charged -COO of a-
ginate resulted in decreased zeta potential of the
nanoparticles(TABLE 1). BSA entrgopment dueto com-
petitive el ectrostati ¢ interactiong*Y was al so respon-
gbleforinversonof chargefrom postivetowardsnega-
tive

Agglomer ation of particles

Higher positiveor negative zetapotentia signifies
particlestability. Thus6.36mV zetapotential and mean
particlesizeof 4608 (TABLE 1) could beattributed to
the phenomenon of agglomeration, oftenfoundin col-
loidal particlesystemd 12,

M or phology of nanoparticles

SEM microphotographs revealed the unloaded
chitosan nanoparticlesto be sphericd. Clustersof these
nanoparticlesgavethem anirregular gppearance. The
spherica morphology wasclearerinthe TEM micro-
photograph, wherethe presence of aginatelayer could
alsobewell observed (Figure 1A, 1B).

Surfacestability dueto alginate coating

Thepresenceof anadditiona coat of aginate could
protect the entrapped BSA for at |east two hoursinan
acidic environment of pH 2 (Figure 2, lane 2) whereas
under smilar conditions, chitosan donefailedto confer
any protectionto the entrapped protein leading to seri-
ousdegradation (Figure 2, lane 3,). Acid denaturation
of protein has also been seenin other studies*¥ using
PLGA i.e. poly (lactic-co-glycolic acid) delivery sys-
tem.

Sustained releasefrom alginate-chitosan nanopar-
ticles

A loading efficiency of 97.7% was obtained for
chitosan nanoparticles. Theloading efficiency (LE) was
cal culated according to thefollowing equation:

LE (%) =Total amount of BSA- Free BSA/ Total amount of
BSAx100

BSA release of 100% within two hours was ob-
served in case of chitosan nanoparticleswhereasalgi-
nate coated chitosan nanoparticles succeeded in show-
ing asustained release of nearly up to 80% BSA in
eight hours(Figure 3). Our resultsarein accordanceto
thetrends seenin similar studiesdone previoudy with
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BSA hydrolysis

Figure2: SDS PAGE: - Protein molecular weight mar ker
(lane 1), alginate coated chitosan nanoparticlesloaded with
BSA pretreated with 0.01M HClI for 2 hrsand incubated in
PBSfor 24 hrs(lane2), BSA loaded chitosan nanoparticles
pretreated with 0.01M HCl incubated in PBSfor 24 hrs(lane
3), BSA pretreated with 0.01M HCI for 2 hrsand incubated
for 24 hrs(laned), BSA incubated with PBSfor 24 hrs(lane
5), BSA (laneb)
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Figure3: Graph showing BSA releasein PBSfrom chitosan
nanoparticlesand alginate coated chitosan nanoparticles

TABLE 1: Size, Pdl and Zeta potential of chitosan/ BSA/
alginate nanoparticles

Mean particle Zeta
Sample sze (F()j nm) Pdl  potential
' (mVv)

Chitosan nanoparticles 342.3 0.483 233
Algi natelcoated chitosan 3583 0310 -188
nanoparticles (aggregates)
BSA loaded chitosan 1543 0370 212
nanoparticles
BSA loaded aginate coated
chitosan nanoparticles 4608 0.070 6.36
(aggregates)
PLGA nanoparticles®®.

Sability study tests
Alginate coated chitosan nanoparticlesshowedin-
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Figure4: Soragestability studiesat 4°C [A] Effect on par-
ticlesize[B] Effect on Polydispersity Index (Pdl)

creased polydispersity index and average particlesize.
It can beinferred fromfigures4 that the particlesre-
mained fairly stable upto three weeksbut not till six
weeks. Theseresults could proveto be beneficial in
formulating ora vaccines.

CONCLUSION

Thedatagathered from the preiminary studiesen-
courageusto carry out acohesiveresearchinthefield
of oral vaccine delivery employing aginate coated
chitosan nanoparticles. Substantiating the aboveresults®
with moreextensiveinvitro and in vivo studiesalong
with the usage of other proteins and peptides based
antigens remainsthe future prospective of thegiven
work.
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