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ABSTRACT

Cholera is an acute diarrheal disease mainly endemic in low income countries. The present study was made to
develop the cell envelope protein (CEPs) loaded sodium alginate/HPMC microcapsules for oral controlled vaccine
delivery. The alginate/HPMC microcapsules were prepared by ionic geation technique with different
polymer/protein ratio and eval uated. The morphology was evaluated in different physical states (fully swollen, dried
& reswollen) and the particle size remains same for all formulations. The Swelling studies indicated the increase of
swelling behavior after addition of HPMC. The protein release profile has indicated that the addition of HPMC
increases the release rate. According to release kinetics applied for various formulations, kinetics was varied
between zero order release and higuchi kinetics.

Keywords: Cell envelope protein§jibrio cholerae, alginate/HPMC microcapsules.

INTRODUCTION

Cholera is an acute diarrheal disease caused by vlolera which spreads mainly through contanimabf water
and food by infected persons. It has been estinthizdmore than 150000 deaths occurs every year @lwlera
[1]. During clinical infection patients developentiéodies to a number of outer membrane proteiméchwprovides
prolonged immunity against cholera [2] The outemtbeane protein of/ibrio cholerae is immunogenic in nature
but Oral delivery of protein are less immunogetiicis they require adjuvant to enhance the immusgorese [3-4].
Biodegradable polymeric microspheres are one ofapgroaches for oral protein delivery [5]. Thespety of
microcapsules enhance the both systemic and muicosaine responses [6] .It can overcome problemscésed
with the conventional therapy, it delivers the piotantigen to the target site in a controlled nanmhese
microspheres can be effectively taken up by therapimages and produced long lasting immune resfd@hse

Alginate is a naturally occurring linear anioniclysaccharide obtained from brown seaweeds. It'sdiapatible
and biodegradable, composedpeb-mannuronic acid and-L-guluronic acid residues linked by a 1, 4-glychsi
bond. The microcapsules are prepared through igelation technique resulting from ionotropic effédtween
sodium alginate and divalent cation to form the élese alginate gels are pH sensitive which ptetidse protein
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from degradation in the acidic environment of stomaAlginate microcapsules are most widely usedesydor the
controlled protein delivery [8]Alginates formed viscous gel in the dissolutiondithat releases the protein in a
controlled manner [9].

Hydroxy Propyl Methyl Cellulose (HPMC), propylené/gpl ether of methyl cellulose, is used as a hptilic
carrier in the oral controlled drug delivery systdimhas high swellability which has an importafiteet on the
release kinetics of incorporated drug [10]. Aftepasure to the dissolution fluid, it hydrates tonfica gel which has
high rigidity and viscosity. Further, the hydratgel will act as a barrier and release the proteiwly [11-12].

The aim of the present study was to prepare thesOB&ded alginate/HPMC microcapsules for oral waci
delivery and evaluation of the effect of differalginate/HPMC ratio on the morphology, particleesiipading
efficiency, swelling ratio and the release behavior

MATERIALS AND METHODS

2.1. Materials

Low viscosity (250 cps of 2% solution) alginic acddium salt (NaAlg), and calcium chloride dehydr&aCj.

H,0), were purchased from Sigma — Aldrich, Hydroxp@t Methyl Cellulose (HPMC, Viscosity 50 cps ir28o

w/v aqueous solution at 20°C) was obtained fromt@eBrug House (CDH,Mumbalibrio cholerae MTCC 3906
(Serotype) were purchased from Institute of Micabiechnology(IMTECH),Chandigarh. The colony morioiyy,

biochemical identification of strain was done usiitgosulfate citrate bile sucrose (TCBS) agar med(selective
media for identification and characterizationvibrio species [13].

2.2. Isolation of cell envelope proteins (CEPS)

The Cell envelope proteins (CEPs) were isolatedraing to method developed by Manning et al. witiman
modifications [14]. The selected strain\dbrio cholerae were cultured in Luria Broth (LB) medium at 37° @ f
24h under shaking condition and then harvested.hBineested cells were suspended in Bidfer (10 mM Tris, 5
mM MgCl,, pH 7.5) and cell density were determined usingavland standard equivalent to't@ells/ml. The
suspended cells were sonicated in sonicator (VéiraSonics & Materials, Inc., USA) at 20 kilocgsl's until all
cells were broken (six cycles of 30 s each) ants eetre centrifuged at 10, 000 X g for 1 min incddcCentrifuge

to remove cell debrisAfter centrifugation, cell envelope proteins froopsrnatant were pelleted by centrifugation
at 10,000 X g for 10 min and then, after washinBP€ were freeze dried (OPERON MPS -55, Yangchonrylyo
Korea) and stored at 4° C.

2.3. Preparation of sodium alginate/HPMC microcapsules

The CEPs loaded alginate/HPMC microcapsules wezpgped by ionic gelation technique. Sodium algirzatd
HPMC were dissolved in 20ml of water under magnstizing to form a homogenous solution.100 mg &PS
were added and mixed thoroughly. This dispersioa added drop wise into calcium chloride solutiod &eft for
30 min in order to complete the gelation processe Mmicrocapsules were rinsed gently with ultrapueger and
dried at room temperature at 37°C [15]. Nine déferformulations were prepared with various ratbsodium
alginate and HPMC. The prepared microcapsuleswemenarized in Table.1

Table 1: Composition of the prepared alginate/HPMQmicrocapsules and their loading efficiency

S.No Formulation code Ratio of Polymer (Sod-Alg)/ HPMC % Ratio of Polymer (Sod- Alg)/ HPMC

1 CEPs 1 5:2 251
2 CEPs 2 5:1 2.5:0.5
3 CEPs. 5:C 2.5:C

4 CEPs 4 4:2 2:1

5 CEPs 5 4:1 2:0.5
6 CEPs 6 4:0 2:0

7 CEPs 7 3:2 151
8 CEPs 8 31 1.5:0.5
9 CEPs 9 3:0 1.5:0
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2.4. Morphological characterization

The morphology of the prepared microcapsules wadiedd using digital photography at different phgsistates:

swollen state (after preparation), dry state & r@dfenm state (in PBS for 5 hrs). The Cell envelopetgins loaded

sodium alginate and HPMC microcapsules were plamed conductive carbon tape. After air-drying abmo

temperature, the samples were gold coated usingQd JFC-1600 Autofine coater (JEOL, Japan). Thetezba
samples were observed using JSM 6390LV ScanningriBteMicroscope (JEOL, Japan).

24.1. Particlesize analysis

The particle size of the prepared microcapsulesdesscted by optical microscopy. The eye piece oniater and
stage micrometer were calibrated and the microdepsf different formulation were evaluated. Theedmination
was done for at least 300 microcapsules.

2.4.2. Loading efficiency

The cell envelope proteins loaded microcapsuled (bty) were washed with phosphate buffer and then
microcapsules were kept into the phosphate bufiel-4{.4, 100 ml) for 24 hours and sonicate for lhramm
temperature to break the microcapsule completdig. Sonicated solution was centrifuged at 1000 d.@ominutes

to remove the polymeric debris. The clear Supemates analyzed for the protein content at’xheax value of
750nm by Lowry protein assay method. The % loadiffigiency was calculated as follows.

Loading efficiency (%) = [(total amount of CEPsred CEPSs) / Total CEPs)] X 100

2.4.3. Swelling studies

Swelling studies were performed in dry beads. Acugately weighed amount of dry particles were sodpd in
Phosphate Buffer Saline (PBS) for 5hrs. After Sbrgollen particles were removed & weighed. The Saglratio
was calculated according to the following formula.

Swelling ratio (Qs) = [(Ws — Wd/Wd)] X 100
Qs is the swelling ratio,Wd is the weight of thg darticles,Ws is the weight of the particles iroflen state.

2.5. Zeta potential

The zeta potential of cell envelope proteins werasnred by photon correlation spectroscopy usingszaer
(NanoZs; Malvern Instruments, Worcestershire, Ul§uipped with 4.0 mW He-Ne Red laser (633 nm). The
preparations were diluted with double distilled @rator measurement of zeta potential. All measurésmevere
done at 25° C in triplicate.

2.6. In vitro release study

In vitro release studies were performed using in phosghdfer saline (PBS, pH 7.4) at 37°C. Accuratelygheid
amount of microcapsules were suspended in 20mIBS B a conical flask. At definite time intervalsml of
samples were withdrawn from release medium up tows3@nd replaced with equal amount of fresh PBR Th
amount of protein released from each sample wasastd by Lowry protein assay method.

Table 2: Applied release models

Model Equation
Zero order Mo - Mt =Kt
First order InMo — InMt = Kyt

Higuchi Mt = KoV

Hixson — Crowell (WO)— (WH= Kt

Peppas MM o = kgt”

M, amount of protein released intimet, K, K1, Ky Kyc, K release rate constants, n rel ease exponent.
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2.7. Dissolution data analysis

Cell envelope proteins (CEPSs) release kinetics avedyzed by various mathematical models, which veggied
considering the release of proteins from 0 to 3@r.0The equation of applied release models has fismmarized
in Table 2.

RESULTS AND DISCUSSION

3.1. Morphological characterization

The morphology of CEPs loaded microcapsules iredhffit physical states: swollen state (after prejmswga dry
state & reswollen state (in PBS for 5 hrs) havenbdepicted in Figure 1. The fully swollen capsubee
semitransparent and spherical in shape. After drytre size of microcapsules were reduced. The aizihe
reswollen microcapsules were opaque and presentellies particle size with less spherical shapednti@ast to the
fully swollen state.

Figure 1 Digital photographs of the prepared microapsules at different physical state: swollen, dryrad reswollen

3.2. Particle size and Swelling studies

The particle size distribution of the prepared méapsules has been depicted in Figure 2. The |eagire of cell
envelope proteins loaded sodium alginate HPMC maypseules were determined by optical microscopydatd for
different formulations has been summarized in Tahlélhe result indicates that the addition of HPMCthe
formulations has not significantly affected thetjude size. The only slight variation was obserwedormulation
CEPs 1 and CEPs 3 with sodium alginate:HPMC rat2oahd 5:0 respectively. The swelling ratio of tirepared
microcapsule has been shown in Fig.3.The swellagbeen increased with increasing the amount of Gk to
hydrophilic nature of HPMC. The swelling ratio inrg alginate microcapsules for CEPs 3, CEPs 6, GERsre
varied from 105.4, 91.7 and 90.6 respectively. @ifeerence for pure alginate microcapsules were Jai%ong
CEPs 3, CEPs 6, CEPs 9 formulations while the wiffee of swelling ratio was almost 75% between CERs
CEPs 3 formulation. This result clearly indicatbe thydrophilic behavior of HPMC which leads to higivell
ability of alginate HPMC microcapsules.
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Table 3: Particle size, Swelling ratio and Loadinggfficiency of prepared formulations

S. No. Formulation code  Polymer ratio  Particle size Swelling ratio  Loading Efficiency (%)

1 CEPs 1 5:2 878.67 £4.2 179.4 65.56 +4.2
2 CEPs 2 5:1 865.86 +3.5 118.6 57.35+1.6
3 CEPs 3 5:0 767.28+2.2 105.4 57.24+45
4 CEPs - 4:2 782.25 + 4. 168.¢ 50.15 + 2.1
5 CEPs 5 4:1 766.20+2.5 107.5 46.89+1.6
6 CEPs 6 4:0 75342 +1.8 91.7 4564 £1.7
7 CEPs 3:2 754.25 + 2. 144.¢ 4793 +3)
8 CEPs 8 3:1 736.83+1.6 101.8 4416 £ 2.2
9 CEPs 9 3:0 72246 £4.1 90.6 4467 £1.9
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Figure 2 Particle size distribution of CEPs loadedlginate/HPMC microcapsules

180 —

160 —+

N CEPs

140

Swelling ratio (Qs)

Q@» v % ng 2 Q@@ Q@« % )

£ & & &£ & L FF
Formulation code

Figure 3 Swelling ratio of different formulation after immersion for 5 hours
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3.3. Loading efficiency

In this study, the loading efficiency of cell enepé proteins in alginate/HPMC microcapsules wasedafrom
65.56% to 44.67%. The data for loading efficien@s hbeen summarized in Table 3. In another studwai
demonstrated that loading of bovine serum alburhia pH value lower than the protein isoelectricnpgpl) was
higher than that at a pH similar to the pl due noetectrostatic interaction between the positivaigrged protein
and the polyanionic alginate. Again, the loadinficefncy at pH values higher than the isoelectriinp of the
protein is related to the capacity of polymeric inkato entrap the protein [16].As revealed by zptgential
(NanoZs, Malvern Instruments, Worcestershire, UKasurements, CEPs were negatively charged (-25 inV
may be concluded from zeta potential measuremeatidhading efficiency of CEPs was mainly due entrapt in
the polymeric chains of alginate. Further, the bigloading efficiency of CEPs in higher ratio ofjialate and
HPMC has confirmed the above hypothesis. In anashedy, it was observed the high loading of bowseeum
albumin in calcium alginate microspheres prepanedrulsification technique. The degree of gel fdiorais also
important for the retention of protein inside thel golymer. The complete gel formation further gases the
loading efficiency [17-18]. In this study it wassalobserved that increase in more than 12% loaefiigjency in
the case pure alginate microcapsule.
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Figure 4 Cumulative releases of CEPs in PBS from pe calcium alginate microcapsule and in different atio
of alginate/HPMC microcapsule
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Figure 5 Cumulative releases of CEPs in PBS from pe calcium alginate microcapsule and in different atio
of alginate/HPMC microcapsule
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Figure 6 Cumulative releases of CEPs in PBS from pe calcium alginate microcapsule and in different atio

3.4. Invitro release study

of alginate/HPMC microcapsule

The cumulative release of nine formulations hasbswn in figure 4, figure 5 and figure 6 respedi. It was
observed from the release experiments that rele€&Ps from Alginate/HPMC microcapsule increasés the
increase in HPMC in the formulations. Further, @saobserved that only 28.48% CEPs were released [ftoe
alginate microcapsules in 7hrs while 56.73% CEPgas® was occurred in the case of alginate/HPMC
microcapsules.The overall release studies showaddtik increase in release of CEPs due to incdiparaf small
amount of HPMC in the alginate solution. Therefatanay be concluded that presence of HPMC inciedise
release rate due to high swellability [19].

Table 4: Release rate constants and determinatioroefficients of produced formulation

05:02 05:01 05:00 04:02 04:01 0400 0302 0301 @B:
zero order
K 6.541 6.4829 1.688 2.8514 2.8591 1.9113 2.83458427. 2.11
R? 0.9828 0.98 0.8793 0.82 0.827 0.8809 0.8138 0.810.8883
first order
K1 0.2216 0.2505 0.0761 0.082 0.0854 0.0807 0.079%836. 0.0808
R? 0.7668 0.805 0.5576 0.4772 0.4945 0.5412 0.46474860. 0.5413
Higuchi
Ky 19 18.908 11.341 18.964 18.931 12.458 18911 58.823.716
R? 0.9503 0.9475 0.9691 0.9444 0.944 0.9743 0.943X0399. 0.977
Peppas
Kp 6.416 5.52 4.303 7.143 6.325 4.937 7.841 6.771 6X5.4
R? 0.806¢ 0.833¢ 0.858: 0.78z 0.807¢ 0.834¢ 0.758. 0.791 0.819¢
n 0.9049 0.9488 0.8532 0.8737 0.9084 0.8335 0.8488869 0.8277
Hixson- crowell
Kuc 0.088. 0.0907 0.070: 0.086: 0.088: 0.076: 0.084: 0.087 0.078:
R? 0.5669 0.5814 0.6058 0.5501 0.5652 0.591 0.538465568. 0.5972

3.5. Release kinetics

Thein vitro CEPs release data from alginate/HPMC microcapsubes estimated by using different kinetic models
to explain the release kinetics and mechanism [RI0¢. parameters calculated by this models and ¢bermination
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coefficient (R) has been summarized in Table 4. Based on th¢iseaéiens the fit of each model was predicted.
Considering Rvalue,the calculated Higuchi model fitted corredity most of formulations however, and some
formulations has shown zero order release as Wklhther models like Hixson crowell, first orderane not able to
fit the CEPs release profile.

Among all models Higuchi model was considered ashst fitted model with the highest value 6f(R9503 to
0.977.The release data next fitted with zero oadlethe formulations showed good linearity withffom 0.9828 to
0.8883.From the peppas equation the ‘n’value rdragga 0.9049 to 0.8277 indicating the nonfickianamomalous
release indicating the CEPs release from the fatimd due to diffusion [21-22].

CONCLUSION

In this study the ionic gelation method was usedtf® preparation of sodium alginate microcapsule the
incorporation of cell envelope proteins isolateonirVibrio cholerae. Being the negative charge of cell envelope
proteins, the microcapsule has exhibited mediunditgaefficiency which may possible due to entangiatmof
CEPs within polymer chains. The release experimanggested the high release in alginate/HPMC mapsule as
compare to pure calcium alginate microcapsule duanell ability of HPMC which release the CEPs kffudion.

All the formulations presented higuchi release tiasewhile some formulation obeyed the zero ordgease. So
this formulation may be useful for the delivery@EPs as active immunizing agent through oral route.
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